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The Concept
The Power of Science and Its Uses

A profound paradox of power and impotence, crying out for a solu-
tion, now faces concerned people in every society. On the one hand,
there is the unmatched power of basic scientific! and technological re-
search, reporting one remarkable advance after another at dizzying
speed. On the other hand, individuals and whole societies are plagued
by ominous problems that yield all-too-slowly, in part because of per-
sistent ignorance at the fundamental level.

To illustrate: On one side, through astronomical observations and the
application of relativity and quantum theory, astrophysicists have been
able to describe, in a remarkably quantitative way, the events that are
considered to have led to the creation of the universe. Physicists believe
they are at the verge of being able to collide the nuclei of heavy atoms
into one another at such high energies that the material created in the
collision will resemble the stuff from which the entire universe we know
exploded in the primordial “big bang.” Biologists are now able to map
the complex structure of the genome and are on the path to understand-
ing the keys to our personal inheritance and the very mechanisms by
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which living things operate. These are examples of the extraordinary
achievements of the human mind, driven chiefly by curiosity, often in
an “Ivory Tower,” enabling modern humans to understand in extraor-
dinary detail much about life, nature, and how it all began—and on
occasion leading (though usually on a long-range time scale) to valu-
able spin-off opportunities.

On the other side, there are urgent problems where basic science has
not been deployed with the necessary level of dedication, such as reduc-
ing national dependence on imported energy, and reducing the threat
of global climate change from the growing use of fossil fuels. To be sure,
applied research helps, but typically it uses existing sciences and tech-
nologies and thus remains often unable to create the fundamentally new
sciences or technologies that are necessary for decisive breakthroughs
benefiting our economy and our comforts. For example, the U.S. De-
partment of Energy spends many billions each year on nuclear stock-
pile stewardship and on environmental remediation of contaminated
sites. But it has not been able to dedicate sufficient scientific talent to a
long-range and well-endowed program of increasing the efficiency of
energy use, and finding new, sustainable sources of power that are en-
vironmentally more acceptable. Similar analyses might be applied to
many other problem areas in which a long-range commitment of our
best basic science would make the problems easier to address with the
tools of applied research and development.

If more good minds and sufficient funds were available, could some
part of basic scientific research contribute more to the achievement of
public objectives than it does today? Can it help to solve our most ur-
gent social problems more directly than now? In short, can we construct
a sturdier bridge from the “Ivory Tower” to the sufferings of most of
humanity? A positive answer would contribute to solving the painful
paradox mentioned at the outset. Our answer, based on historic and
recent evidence, is a confident Yes.

An expanded national investment in basic research guided only by
intellectual priorities will, as it has in the past, provide many answers
that will help advance progress in important national priorities. Con-
tinued expansion of this “Newtonian” science is essential. But we take
the argument one step farther. A strategic investment in a part of basic
research that is clearly designated to address specific national objectives
can be expected to make an ever-greater contribution, especially if resourc-
es are allocated in pursuit of a well-considered, multi-year strategy.
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One kind of evidence for our optimism is the well-known case where
public concerns about disease and public health are being addressed by
massive investments in publicly funded long-range research. The Na-
tional Institutes of Health have been extraordinarily successful in show-
ing—and thus convincing the public and their representatives in
Congress—that basic studies in molecular and cellular biology are ef-
fective strategies in the eventual conquest of disease. This case offers a
living demonstration of the power of strategic investments in basic sci-
ence and basic technology to open new doors to solving the most diffi-
cult problems afflicting individuals and society. Equally important,
scientific research can inform choices in public policy, so that problems
are correctly understood and resources are used in the most effective way.

We also base our confidence on the prior successful federal efforts in
our nation’s history in fields other than medicine to adopt high-level basic
research strategies in service of politically supported goals. Gerhard
Sonnert and Harvey Brooks discuss a number of these in the appended
paper. One of these, which is discussed in much greater length in a forth-
coming book by Sonnert and Gerald Holton?, was a request President
Carter made of Cabinet officers to provide Frank Press, then director
of the Office of Science and Technology Policy, with an agenda of basic
research goals which they believed would contribute importantly to their
departmental or agency missions. This promising initiative culminated
in a master list of about 80 basic research questions. Other examples
of efforts in the same direction were some of the basic research programs
supported by the Department of Agriculture and the Defense Advanced
Research Projects Agency (DARPA).

A third source of evidence, of which this Report is a direct product,
comes from a two-year examination of the concept and feasibility of
giving explicit and conscious attention to a component of science poli-
cy, which we have called (for reasons given below) Jeffersonian. This
process included a number of meetings with key stakeholders, and cul-
minated in a Conference on Basic Science in the Service of Public Ob-
jectives, held in Washington, DC, in November 2000. This forum
provided an opportunity for senior scientists and academics, agency lead-
ers, executive branch personnel, politicians and congressional staffers
to vet key aspects of a Jeffersonian strategy, and to provide the insights
and case discussions found below.

A caveat: We hasten to acknowledge that it would of course be en-
tirely unreasonable to expect basic research to enable significant advanc-
es in every problem of importance to the nation. In some cases
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understanding a problem does not necessarily mean one can find effec-
tive, affordable remedies. The remedies that research may allow us to
understand depend not only on the conversion of scientific knowledge
into practical tools but also on the ability of society’s institutions to use
these tools and demand more of them. Prevailing social and political
conditions influence whether or not available basic and applied knowl-
edge is actually implemented. For example, later in this report we dis-
cuss the problem of learning and public education. There has been
dramatic progress in research on how people learn, based on progress
in cognitive, neurological and behavioral science. But the translation
of the basic understanding of learning into how to teach 30 students in
a particular classroom lags far behind, in large part because the com-
plex problems of our schools, and of those beyond school, in the lives
of students, teachers and parents, inhibit the institutionalization of those
particular research findings.

But with this caveat, there is enormous room for a reasonable expec-
tation of positive results from the wider adoption of the research strat-
egy we shall now describe. Indeed, we want to bring to consciousness
the opportunity of government agencies to take more responsibility for
devising a long-range basic research agenda, in consultation with the
scientific community as well as other stakeholders, and for committing
the funding to pursue it—along with, and not at the cost of, either appro-
priate R&D projects for near-term progress on specific problems, or of basic
research that aims primarily to sustain the progress of science broadly.

The Concept of Use-Inspired Basic Research, or “Jeffersonian Science”

The introductory quote from the Congressional study led by Congress-
man Vernon Ehlers (R-MI) clearly speaks to the research policy our
society should pursue more aggressively: a governmental commitment
to “a pre-eminent position in science and technology to advance human
understanding of the universe and all it contains, and to improve the
lives, health and freedoms of all peoples.”” These two motivations for
public investment in research address both the cultural and the utilitar-
ian justifications for public support for science. When pursued under
the first motivation, in the most creative environments by talented peo-
ple, this research might be called ““basic,” ““fundamental” or ““creative”—
or Newtonian science. When pursued under the second motivation,
through the application of already known science to problems on a short-
term basis, this research may be called ““applied”’—or Baconian science.
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When both motivations are present, it can be identified as “use-inspired
basic research,” after Stokes?, or Jeffersonian science, after Holton and
Sonnert.* As Lewis Branscomb has pointed out, two (related) distinc-
tions are crucial: First, one must distinguish between the motivations of
the research sponsor and of the researcher. Second, one must differen-
tiate between the why and the how of research. Basic research can be
described as a venture into the unknown, as an exploration of some of
the secrets of our natural and social universe, guided by the researcher’s
creativity and ingenuity, and by the scientific method. Once this research
process has been initiated, it is of little importance whether the motiva-
tion behind it was purely curiosity-driven (Newtonian) or triggered by
the hope for eventual societal benefits (Jeffersonian).

While some may consider the label Jeffersonian science not fully ap-
propriate for political and bureaucratic use, it nevertheless is conve-
nient shorthand for policy scholars, and is reflective of Jefferson’s
personal commitment to basic science as a tool for public problem solv-
ing. The adjectival structure of Jeffersonian science suggests that an
important component of the motivation for pursuing such a research pro-
gram is different in nature from the motivation in other essential forms
of basic research (such as Newtonian science, where the investment is
motivated by the quest for scientific excellence and opportunity regard-
less of eventual societal uses). The Jeffersonian researcher conducts basic
research in areas that do have a reasonable chance, in about five to ten
years, to ameliorate the scientific ignorance that lies at the heart of a
perceived societal problem. This choice also may be made by the re-
search manager in his/her institution, or by the funding agency.®

The level of creativity and imagination that propels the research it-
self need not be different in Jeffersonian and Newtonian science, even if
the motives for investing in them are. Jeffersonian science is simply a
differently motivated way of selecting a basic research problem, and an
additional way of legitimizing the funding of science, not a different way
of performing it.® Speaking at the November 2000 Conference, Dr.
Richard Klausner, director of the National Cancer Institute (NCI), found
also that President Jefferson’s plan for the Lewis and Clark expedition,
with its twin goals of gaining basic knowledge and preparing for the
needs of the expanding population, provides a strong metaphor for the
exploration and discovery model used in the NCI.

In the interest of not being misunderstood on a crucial point, we want
to re-emphasize that we do not claim to have invented a new way of
doing research.” The historical examples cited above and in the rest of
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this Report show that Jeffersonian research has long existed, but it re-
quires the visibility and conceptualization that it has not received so far,
either in the way the public thinks about the issue, or even in the con-
sciousness of many scientists. Furthermore, we do not advocate that
Jeffersonian research should replace basic research—or applied research,
with which it is allied—within federal science policy. Rather, we argue
that the explicit and conscious attention to Jeffersonian research as part
of an integrated federal science policy will benefit all kinds of research—
Newtonian, Baconian, and Jeffersonian. From every perspective, rang-
ing from the purely cultural role of science to national preparedness, even
the “purest™ scientists, for instance, can properly claim their share of
the total support given to basic science. But that total sum can more
easily be enlarged by the public perception of what basic research can
do for the needs of mankind. Even abstract-minded high-energy phys-
icists have learned the hard way that their funding depends on a gener-
ally favorable attitude to science as a whole. Moreover, they too can be
proud of the use of the campus cyclotron for cancer treatment and the
production of radioisotopes, the use of nuclear magnetic resonance
(NMR) or synchrocyclotrons for imaging, etc.

Organization of the Blueprint

This Report calls attention to a national opportunity, not yet fully
seized, to couple the extraordinary creative power of American science
to some of the most intractable problems facing society. It explores,
through discussion of two existing models and three case examples, the
opportunities available to the nation, the processes of governance re-
quired for their attainment, the role of the scientific community in that
attainment, and the necessity for engaging public communities outside
science. The cases involve using creative, imaginative science to make
it easier to attain important public goals in health, environment, ener-
gy, and education.

After presenting a detailed discussion of two existing models (the
National Cancer Institute and the National Science Foundation) and
three test cases, this Report outlines the three major components of an
emerging Jeffersonian Science Policy:

= Devising the Agenda—Publics and Policy: To engage a broad range
of interested parties—a diverse community of scientists, other stake-
holders committed to solution of public challenges, many Congres-
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sional committees, executive agencies, industrial and not-for-profit
institutions, policy research and advocacy institutions in ‘owner-
ship’ of the idea, and to define next steps that might be taken by
these bodies on the path toward creating a Jeffersonian Agenda.

« Implementing the Agenda—Government Processes: To explore how
this idea can be made a practical part of budget-making and pro-
gram management of an expanding component of federally spon-
sored research, including the need for coordinated strategies across
executive agencies and Congressional commitment to long-range
research strategies in pursuit of national objectives, and to the sta-
ble support necessary for such strategies.

« Enabling the Agenda—The Scientific Community: To find equally
effective means for defending the essential base of opportunistic
research whose priorities are guided only by their intrinsic scien-
tific merit (Newtonian science); and to demonstrate, as Maxine
Singer noted at the conference, that science must be seen as a eco-
logical system, with interdependencies between ideas and skKills,
between science and technology, and recognition of a broad range
of motivations for investment by government and for performance
of research by scientists and engineers. The overall goal is a bal-
anced federal science portfolio of Newtonian, Baconian, and Jef-
fersonian elements.

Existing Models of Jeffersonian-style Research
The National Cancer Institute (NCI)

Cancer is the second leading cause of death in the United States after
heart disease, and most of its forms lead to a protracted illness which
just a few decades ago was assumed to be incurable. Over half a mil-
lion Americans die of cancer each year. There are few public objectives
to which science might contribute more compelling than the “war on
cancer” launched by President Nixon on January 22, 1971.

Incidents of new cancers as well as deaths from all cancers declined
slightly, between 1990 and 1997, despite the growth of population in
the U.S. Several relatively rare forms of cancer are now subject to ef-
fective treatments. And lung cancer driven by smoking, created a rising
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tide of deaths that has only begun to abate with the decrease in ciga-
rette consumption. But the National Cancer Institute (NCI) has spent
$29 billion. Why has there not been more progress?

The reason this problem is so intractable is that cancer is a collective
term for over 100 diseases; the biology of cancer is extraordinarily com-
plex. Most important, back in 1971, when the “War on Cancer” was
launched, oncology was a relatively new, low-prestige discipline. NIH,
in creating the cancer institute, launched a basic scientific attack on the
ignorance of cancer cell behavior. The key is molecular genetics, the
science that tells us how cells mutate and how the body recognizes those
with genetic mistakes that cause uncontrolled growth.

Creating the extraordinary body of scientific knowledge of immunol-
ogy, genetics and cell biology required the creation of entire new fields
of science. But it is the only strategy that gives hope of understanding
how and why cancers happen and how their growth might be inhibit-
ed. “We haven’t reached where we would like to be in cancer—not
because of misplaced strategies, not because of ill-conceived policies—
but because cancer is extraordinarily complex,” said Richard Klausner,
director of NCI. Overcoming cancer, he said, requires basic research as
well as appropriate public policies to take advantage of what is learned.®
This is a Jeffersonian science strategy, investing in the underlying sci-
ence to reduce the ignorance that stands in the way of progress toward
cancer prevention and cure.

How does the NCI present this strategy to an impatient Congress and
public? The first sentence of the published Budget and Program Plan
for the National Cancer Institute for FY 2002 reads: “The National
Cancer Institute’s goal is to stimulate and support scientific discovery
and its application to achieve a future when all cancers are uncommon
and easily treated.” This sentence states that the NClI’s goal is attain-
able and qualitative: A future in which cancer is no longer the terrible
specter of disease that haunts is all today. How is that future to be
achieved? Through scientific discovery and its application, making NCI
neither a purely research agency nor a clinical medical delivery agency.
The word “discovery,” rather than ““research,” suggests research with
outputs that are applicable to clinical investigation and practice. Who
will make these discoveries? Scientists and doctors supported by the NCI
and privately supported scientists whose work is stimulated by NCI activ-
ities, thus including the outside world, not just NIH scientists and grantees.

Richard Klausner addressed the challenge of executing a Jefferson-
ian strategy at the November 2000 conference. He described the plan-
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ning process at NCI as aimed at getting support for a science approach
to NCI missions, noting that the “setting of priorities offers an oppor-
tunity to defend the Jeffersonian model. One section of the NCI bud-
get document deals with tools, the other with domains of exploration.
They are justified by scientific achievements in a previous period. The
third component is disease specific. Progress review groups engage in a
9-12 month process of setting priorities for what we need to know and
know how to do for each disease. The melding of these three things gets
agreement on how the first two parts map to the Baconian [practical]
needs of the disease perspectives. So scientific opportunity can be made
consistent with medical needs. Planning and evaluation must be meld-
ed together.”

In articulating this strategy we noted that NCI uses the words “‘ex-
ploration and discovery” (rather than ““research”) as characteristic of
the kind of technical activities that are likely to bring public benefit. He
observed, “We can plan exploration, but we can’t plan discovery. Ex-
ploration requires tools, data etc. Tools have been too much ignored.
Science is too much seen as hypothesis, but tools enable science and sci-
ence enables tool building. This is broadly understood by the public and
reinforces the requirements for exploration.” This choice of language
may be important to the image NCI conveys to lay audiences. The public
often sees “research’ and “‘science” as arcane activities with both pos-
itive and negative impacts on society. Exploration is an adventure with
either null or positive results, and discovery is almost always seen as a
positive addition to human knowledge.®

The specific articulation of a societal need as a challenge requiring
new knowledge requires that five issues be addressed in the agency’s
planning:

1. Articulate the societal need as a challenge requiring new knowl-

edge.

2. Articulate science as the discovery process that will create that

knowledge.

3. Articulate the connection between discovery and the application

of discovery to the societal need.

4. Establish criteria for determining the vehicles and support needs

for the explorations required.

5. Address with realism the timelines (5-7 years) and the uncertain-

ties of both timelines and plans that are fundamentally dependent
on what is discovered.
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Klausner also noted that industry plays an important role in their
strategy and in garnering support for it. He also notes that once one
commits to society’s enjoyment of beneficial outcomes from discovery,
one must engage the social sciences as well. In fact, he said the social
sciences are the NCI’s most rapid growing area of science investment.

In using NCI as a possible model for Jeffersonian science, we are not
asserting that the model has been validated by objective analysis of the
causal and cost-effective linkage between NCI research and the ravages
of cancer in the U.S. population. But there can hardly be debate over
whether the model has won the support of almost all the groups com-
mitted to the fight against cancer: the public support groups, the bio-
medical research community and most oncology specialists.

The NIH model for funding scientific research contains underlying
factors specific to the medical field, and has developed over a long peri-
od of time. Nonetheless, as Donald Stokes points out in Pasteur’s Quad-
rant, “it is...unreasonable to think that only biomedical research lends
itself to the virtues of the NIH model of a scientific agency focused on
an area of recognized social need that is able to enlist basic science of
the highest caliber from a range of disciplines to develop a fundamental
understanding of the phenomena that underlie the problem area, while
it also sponsors some pure research and some purely applied research.”

The National Science Foundation’s Approach to Basic Research in Support
of National Goals

“Enabling the nation’s future through discovery, learning and inno-
vation,” director Rita Colwell’s vision for the National Science Foun-
dation (NSF), also comports to the principles in the NCI mission
statement. She emphasizes enabling (rather than causing or managing)
the future as the goal, and discovery, learning and innovation as the
means. “Including innovation reveals our commitment to the public.
We strive to move society to a better place.” She further said, “The ob-
jective of connecting discovery to society is central to our work.” Thus
the question Walter Massey, then NSF director, put to his NSB Com-
mission on the Future of NSF, in 1992, has now been answered in the
affirmative.’® NSF does accept responsibility for understanding and
fostering the chain of events through which the research it supports cre-
ates positive outcomes for society.

Like NCI, the NSF strategic goals now encompass people, ideas, and
tools. The concept of “people” embraces not only the basic mission in



SCIENCE FOR SOCIETY 407

science and engineering education—furthered at the university level pri-
marily through support of graduate student research and fellowships—
but also the importance of dialog with the American public. NSF reaches
some 50 million people through museums and another 100 million
through radio, television, and film, although these activities are man-
aged as “public understanding of science” rather than as part of struc-
tured strategies tied to specific goals. Like the NCI, NSF’s emphasis on
tools—the telescopes, ships and databases constituting the infrastruc-
ture of modern science—is consistent with the concept of enabling the
future.

The emphasis on knowledge production is reflected both in disciplin-
ary research selected by peer review from the ideas of individual scien-
tists (Newtonian science), and in the initiatives which emphasize the
opportunities for interdisciplinary research motivated by understandable
national objectives (Jeffersonian science). NSF has mapped new initia-
tives into FY 2002 (Mathematics) and FY 2003 (Social Behavioral and
Economic Sciences). These initiatives, Dr. Colwell said, will “enable NSF
to center attention on national and global priorities.” “Each of these
initiatives cuts across traditional disciplines to bring a broad spectrum
of resources to bear on areas of national importance. These areas are
self evident.”

Dr. Colwell noted that “today we are looking at a total U.S. econo-
my in the order of $10.4 trillion, yet our estimate is that the United States
government spends barely $20 billion on basic research. Using these
numbers as a guide, we see that (federally supported) basic research ef-
forts constitute 0.2 percent of the overall economy. That is the govern-
ment’s investment in the country’s future. Out of the $1.9 trillion federal
government budget, basic research constitutes 1.1 percent of the total
budget. With this meager amount of federal investment, enormous forces
tug at the NISF purse strings. NSF is required to make tough decisions, with
the inevitable result that people and discoveries are lost in the process.”

Some conferees in the November 2000 meeting pointed to differenc-
es in the NSF and NIH approaches, suggesting that NSF might take the
concept further. For example, one observed that the process described
by the NCI is more than ‘talking about science with the public’. NCI
has set up a way of listening to different constituencies, and educating
them about NIH process, goals, and ways of choosing projects, as well
as engaging them in discussions about program priorities. The same
cannot yet be said about NSF’s approach. In fact, education and edu-
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cation research could be used by NSF to move in the direction of NIH’s
interaction with the public.

Three Cases for Exploring Jeffersonian Science

From the three case discussions explored in the November 2000 con-
ference, to which we now turn, we wanted to learn the following:

« Can one select some examples that give us confidence in the value
of trying to get a stronger commitment to multi-year explorations
that make progress toward a national objective quicker, cheaper,
better?

< Are there common features to the processes required to gain con-
sensus support behind such a strategy?

It should be stressed that the choice of issues for the case discussions
in no way represents an attempt to preempt the public and political dis-
cussions through which national priorities are set, a process to which
we dedicate a great deal of discussion below. Rather the issues of edu-
cation, energy and climate change are currently generating significant
attention in the country, and thus lend themselves to as cases to explore
the possibilities of Jeffersonian strategies.

Improving the Quality and Efficiency of Public Education

Education cries out for new approaches using existing and potential
results of research, but the return on that research is seriously frustrat-
ed by lack of demand from the educational institutions. The case of
education raises three key problems that Jeffersonian research can ad-
dress: Does research on how people learn and how schools can be more
effective exist that, if widely adopted, would permit broad and rapid
progress toward an acceptable performance of the nation’s schools? If
s0, what barriers must be lowered to permit a long-range learning and
education research strategy to add value? Can demand be created for
the needed research?

In the National Research Council (NRC) book entitled How People
Learn: Brain, Mind, Experience and School,® the authors discuss the
““convergence of evidence from a number of scientific fields,” noting that
“the research areas relevant to the science of learning are demonstra-
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tively broad, including cognitive development, cognitive science, devel-
opmental psychology, neuroscience, anthropology, social psychology,
sociology, cross-cultural research, research on learning in subject areas
such as science, mathematics, history, and research on effective teach-
ing, pedagogy, and the design of learning environments. New technol-
ogies for assessing learning in ways that track the growth of learning,
not just cumulative of facts, are needed. Developing effective research
methodologies is particularly important for research from this diverse
array of disciplines.”!!

At the Conference, John Bransford of Vanderbilt University asserted
that current research has produced four requirements for effective edu-
cation that are well known and verified by research:

a. Students must master substantive content knowledge; problem solv-

ing must be based on content mastery.

b. Teachers must also have pedagogical knowledge: Understanding

struggles of novices in acquiring content knowledge is important.

c. Teacher quality and capability are essential.

d. Teaching for understanding and not just memory is necessary.

How can one get a cumulative knowledge base on thinking and learn-
ing, and make it accessible to practitioners? We need new avenues for
capturing the wisdom of practice, and we need a new kind of profes-
sional who can bridge the worlds of research and practice.

Alexandra Wigdor defined the issues that control whether demand
can be created for this research:

. How can learning/cognition be incorporated into practice?

. How to make research on motivation meet classroom needs?
How to make school environment support learning?

. How to make research findings more accessible?
Need new forms of collaboration based on teacher/school demand.
Creating new instruments for expressing demand—such as National
Board for Professional Teaching Standards.

Dr. Nora Sabelli, addressing the question of why research is not used
in practice, noted that teachers don’t have the time that would be need-
ed to synthesize research, nor the schools have an ethos of experimen-
tation that supports adapting research generated knowledge to local
conditions, and that there is a lack of funds for long-term projects to
integrate the research knowledge into localized practice. Similarly, there
is a lack of infrastructure support that enables this integration of research
with practice in effective ways. Sources of this type of funding for re-

o 00 o
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search are relatively scarce, and thus no research capacity has evolved
at the intermediate (state, metropolitan area) levels, and no or very lit-
tle private sector research exists on education. There is also the con-
stant issue of public perceptions of education, where the belief that
teaching and learning abilities are innate, not subject to development and
change, or alternatively that education (and social science) research is
no better than common sense, stand in the way of validated, evolution-
ary improvements in practice.

It can be argued that NIH’s success has shifted the balance between
medical research and public health research (note, though, that NIH is
actively increasing its reliance on social sciences). To avoid a similar
imbalance between Newtonian, Jeffersonian and Baconian research in
education, other agencies besides NIH and NSF—such as the Department
of Education and the States—would have to have the resources to take up
the public engagement aspects of education research implementation.

A conclusion concurred in by Bransford, Wigdor and Sabelli, and
strongly supported by Maxine Singer:

Until the business community recognizes the huge size of this mar-
ket and devises a way to overcome the fragmentation of its demand
structure, it is unlikely that there will be an aggregation of demand
that can truly benefit from research. This commercial linkage is
clearly a key part of the success of NIH and in its defense of link-
ing science to practice.!?

David Guston noted that the states have dealt effectively with the
transfer of research knowledge to practice in agriculture, where the ag-
gregation of the market is a consequence of the commodity nature of
the product. Education looks more like the problem of small manufac-
turer innovation, where each small firm conceives of itself as having
unique problems calling for unique solutions. Nevertheless, Lewis
Branscomb suggested that the agricultural model might be applicable
in two of its features: a politically acceptable role for federal agencies
in support of research and identification of best practices, and the con-
cept of extension agents, with the resources and authority of state edu-
cation agencies behind them, working directly with the schools.
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Sustainable, Environmentally Acceptable Sources of Energy

Energy would appear to be the most natural case for a long-range basic
research program to create new energy options, but is inhibited by tra-
ditional structures in Congress and in the Department of Energy (DOE),
and perhaps by the presence of a private sector too heavily invested in
current sources and uses of energy, responding to markets that do not
reflect future costs.

John Holdren made the case that the strategy to address the U.S. en-
ergy problem is to generate better energy options: higher efficiency fos-
sil and biomass fuels, solar photovoltaic, more efficient energy usage,
more acceptable sources of fission energy, and other more “long shot™
technological alternatives to fossil fuels. The case for giving high prior-
ity to energy research is clear: energy R&D declined 3.8 fold from FY
78 to FY 97, due to a return to low gas prices, the failure of demonstra-
tion projects, budget constraints in Congress, and some political infight-
ing among energy options. Private sector investment in energy R&D
also declined some 40 percent, but far less than public sector investment.
Yet energy has many externalities that require comprehensive solutions,
such as the increased likelihood of conflict over oil resources in the
Middle East, the necessity of changing energy modes to mitigate accel-
erating climate change, and the cost of controlling air pollution.

Thus energy would appear to be an ideal candidate for a long-range
research program devoted to the creation of new technical options.
There is a major industrial market for such technology, and relatively
few non-market barriers (except for nuclear energy). Yet such a pro-
gram has yet to mature in the Department of Energy.

To understand this apparent anomaly, consider that energy activities
are only $2.2 billion out $18.8 billion in the DOE budget. The DOE
Office of Science, has a budget of about $1.5 billion. Mildred Dressel-
haus, the former head of the Office of Science, stated that she felt that
her job was to make U.S. a leader in physical science and engineering
again. Thisis an admirable goal, given the failure of the Department of
Defense (DoD) to keep up funding in those areas, while NIH budgets
soared. But it appears that creating a long-range, diversified research
strategy to create new energy technology alternatives is not the domi-
nant priority of the Office or of the Department. At the same time, the
Department’s recently released energy R&D strategy seemed to be quite clear
in its Baconian thrusts. What seemed missing is the Jeffersonian strategy.
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One possible explanation (aside from the often expressed view that
the DOE is not as well managed as it might be) is that in this field, un-
like in education, the government, which regulates the energy sector in
many ways, has failed to find a mode of collaboration sufficiently at-
tractive to industry to produce the needed demand for government spon-
sored basic research.

Former associate director of OMB for energy, natural resources and
science, Elgie Holstein, observed that all technologies have powerful
constituencies. Questions such as “Are fossil fuels yesterday’s news or
the basis for a better future?”” “Should we be spending money on clean
coal technology?” “Should we bet on certain non-fossil fuel technolo-
gies? windmills? nuclear?”” contend for answers. Note that the NIH
has an analogous problem, because each disease has its dedicated advo-
cates, but there is a difference. The economic interests in health are not
organized by disease, but rather by what they provide—hospital care,
pharmaceuticals, and medical equipment. Thus each economic sector
has an interest in all the diseases. In energy the industries tend to be
technology specific. As Holstein concluded, “From the perspective of
OMB, one is balancing between strategic investments and demands of
competing claimants.”

David Garman, a 20-year Hill veteran who has worked for key Ener-
gy Committee and subcommittee chairmen, observed that the members
of Congress for whom he works would generally agree with Holdren’s
recommendations. So why hasn’t Congress been more generous? There
are structural impediments, such as the fact that committee jurisdictions
are split for energy, environment and energy science research. The en-
ergy committee sees itself as booster of energy production; the environ-
ment committee sees itself as an energy regulator; the science committee
has not paid much attention to energy issues outside of climate change.
There is also the problem of political support for such research. Typi-
cally, the U.S. public wants to spend on energy only when there is a na-
tional emergency. The public understands cancer risk and supports
biomedical research. Does it equally well understand the risks associ-
ated with climate change, air pollution, and import dependency?

Global Climate Change

Climate research seems a natural case, and the scientific leadership
has correctly chosen regional mitigation as the research focus, thus



SCIENCE FOR SOCIETY 413

meeting both key research issues and creating a more attractive and vi-
able basis for a bipartisan research program of appropriate magnitude.

William Clark outlined the revolution in thinking about global cli-
mate change, since research began back in the International Geophysi-
cal Year (1957). Vostok ice cores showed history was chaotic; our
theories did not embrace the cross coupling of geophysical and biolog-
ical systems, and had no knowledge of human activity intrusion on na-
ture (now known to be comparable to natural cycles). Roger Revelle
saw that our use of fossil fuels was a great geophysical experiment. (“We
may be in the test tube—we may be the test tube.”—Jane Lubchenko)

Policy-driven, method-driven, and curiosity-driven research motives
have merged. Inthe 1990s scientists found their research more and more
driven by policy considerations, but thought their research was being
distorted by the “problem of the week.” The Global Environment
Change program was created by scientists to get some stability against
the “problem of the week” (more in Europe than in the U.S.). This mor-
phed into a climate change agenda, which resulted in stable research
support in earth systems research. Administration, Congress, and sci-
ence reached agreement to keep the program growing at levels the com-
munity said were needed to get ahead of the curve.

Today the scientific community is saying that we have to address the
social issues. What is the role of the scientist, for we are part of the trans-
formation that we are also trying to study? Now the social and natural
science parts look for an integrated understanding. The social agendas
are increasingly the motivation for setting research priorities. For ex-
ample, scientists have recently completed an analysis of the impact U.S.
of climate change in 20 regions.*® Researchers found that people weren’t
interested in climate, but in land use and job building, etc. Integrated
looks at multiple environmental stresses are needed, not one stress at a
time. Research resources for regionally focused research are inadequate.
If it is not national and it is not disciplinary, it sounds like “pork.”

Warren Washington made the case that, since 1996, a scientific con-
sensus has solidified around the conclusion that human activities are and
will be appreciable compared to natural cycles.* Data clearly show
global temperature rising since mid-1880s, about 0.7 degrees Celsius.
Serious research problems remain: climate models have improved, but
clouds, aerosols and radiation create the biggest questions. There is high
uncertainty about rapid changes in ocean and the sea ice aspects of cli-
mate. El Nifio and Southern Oscillation are hard to predict but have
been strong recently. Heavy and extreme precipitation trend will con-
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tinue. It is expected that this will cause increased flooding which will
be hard to deal with. Also because of increased warm in certain regions
there is a strong possibility of increased drought periods.

In last couple of years there has been a positive change in Congres-
sional attitude toward R&D funding: Why? Congressmen believe that
science has something to do with the lengthy economic expansion, and
they do not want to risk stifling it by cutting funding. Furthermore, the
high-tech community has become more politically active, especially in
financial support of candidates.

Incrementally reducing scientific uncertainty, as a way to make poli-
cy easier, is not the way to sell the program, Robert Palmer, senior staff
member of the House Science Committee, said. Members of the com-
mittee are more interested in regional livability. Maybe environment can
be tied in to these current issues, especially with the emphasis on the
importance of regional analysis of climate impacts.

Many scientists imagine what policy makers ought to want to know.
That approach does not work. What is required is to understand what
knowledge system can connect basic research through assessment to
policy and back again. At the regional scale, one can put the users and
intermediaries into the process more easily, and that is where the pro-
gram should be moving. Global Change people should declare victory.
The mesoscale problem, El Nifio etc., is where the fundamentally excit-
ing research is going on. Mitigation research has the value of present-
ing society with some tools, with the national climate change trend as
motivator, to believe something can be done, so when the case for hu-
man-driven exacerbation becomes solid it can be accepted and acted on.

Devising the Agenda: Publics and Policy: Activating Constituencies
and Stakeholders for Jeffersonian Research

The Crucial Link: Public Support and Curiosity-Driven Research

One of the most important features of the Jeffersonian approach is
the conclusion that stable funding for basic research that supports broad
societal goals must rest on a consensus of strong, supportive, public
constituencies. This approach explicitly acknowledges that in various
segments of the public there is confusion and ambivalence about the
mission of research in science and technology. As the National Science
Board (NSB) reports in Science and Engineering Indicators, the U.S.
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population is still highly favorable toward science as a hope for posi-
tive results—far more than, say, the Japanese public; but they are no
longer satisfied with waiting patiently for the uncertain and unpredict-
able “spin-offs” with which Vannevar Bush justified federal investment
in basic research.

This is in part the scientists’ fault for failing to communicate effec-
tively the many ways scientific research creates value and opportunity.
Neal Lane recently urged scientists to ““let people remember” the impact
of science and technology. Some additional efforts have started, such
as the National Academy’s Office of Public Understanding of Science,
the NSF Programs with similar aims, the efforts by professional societ-
ies, such as AAAS, APS, ACS, etc. Such efforts are needed and no doubt
contribute to public understanding of science. And yet, there is a rising call
from the public, reflected by their political representatives, to have scientif-
ic research and technology perform more obviously for the public good.

The passage of the Government Performance and Results Act (GPRA)
in 1993, reflects just such expectations. The one area of publicly fund-
ed scientific research work that seems to satisfy this public expectation
is in biomedical research (as reflected in the daily bombardment of news
of “breakthroughs’ in medicine and biology generally).

The public and the politicians thus remain ambivalent about support
for basic research.’®* Among the many symptoms of the present ambiv-
alence, one only has to look at the fact that, according to Science and
Engineering Indicators, roughly 50 percent of the population believe that
sometimes scientists engage in fraud—which coheres with, and is in part
driven by, the delegitimization of science coming from sections of the
press and polity, where one routinely finds pronouncements such as
“Scientists want only a blank check” to further their careers, and from
the sections of academe accusing the scientists of “socially constructing™
their work in pursuit of their self interest

The public’s ambivalence of course is also reflected to some degree
by warnings among our lawmakers. Thus Senator Harry Reid (D-NV)
warned (April 13, 1999) that many people “seem to see science as a
luxury...that can be reduced or abandoned.”

The Jeffersonian approach seeks to address this apparent ambivalence
in the public support for basic science by crafting strategies that firmly
link curiosity-driven research to the goals and concerns of citizens and
their political representatives. It harnesses the recognition by many sci-
entists that they are accountable to society for the resources invested in
their research, and the conviction that long-term, creative research that
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creates deeper understandings of problems facing society must be an
essential part of a strategy to ameliorate those problems. A Jefferson-
ian Science Policy will foster new and attractive options for addressing
crucial societal goals, and thus decrease the cost and time for making
progress while resulting in more favorable outcomes.

Jeffersonian-mode research is, of course, not a new idea, and there is
ample evidence to support the notion that a stable, and even expanding
base of government financial support can be created through a serious
effort to structure fundamental scientific research that is supported by
strong public constituencies and stakeholders. At a November 1999,
Washington, DC, workshop, which served as a launching point for the
current initiative, then-director of the National Institutes of Health, Dr.
Harold Varmus, acknowledged that the NIH strategy is essentially Jef-
fersonian, and that this in part accounts for NIH’s success in attracting
resources to long-range basic programs. He described four broad ele-
ments of that strategy, and the pitfalls it must avoid to be successful.

First, the goal (in this case, to address the major illnesses that plague
the citizenry) must be simple, clear and self-evident. The NIH institutes
are typically named for the disease that motivates much of their research
(Heart, Cancer, etc.) Significantly, the Institute for General Medicine
has more difficulty in gaining support than those with disease-related
names.*® At the same time when pressed to pursue a war on cancer, a
metaphor basically Baconian in style, the response has to be twofold: it
should, on the one hand, note that progress has been made on many
cancers; and, on the other hand, emphasize the many other medical
benefits that NIH’s Jeffersonian strategy has also given to the public.
Thus the metric by which progress is assessed politically must be broader
and more flexible than the shorthand banner under which the program
advances.

Second, Varmus called attention to the necessity of active public sup-
port for the Jeffersonian goal and strategy through interest groups, which
are abundant in medicine. The range of potential advocacy groups covers
all the interested groups and institutions: including biomedical indus-
try, “patients,” physicians and other health care providers and insurers,
research universities, distinguished scientists who themselves are doing
purely Newtonian research, and public interest advocacy groups com-
mitted to specific elements of the biomedical agenda. The existence of
issue-specific public advocacy groups and the goals they adopt for their
own interests validate the similar goals adopted by NIH. But these
groups must be brought together so that their influence is more support-
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ive rather than fostering competition among “favored” diseases. This
is accomplished by means of a large council of citizen groups of which
as many as 100 might be represented. In this way, tradeoffs among their
competing interests can be subordinated, at least to some extent, to the larger
common objective of a larger ‘pie’ of resources for which to compete.

Third, owing to its focus on health, it is easier for NIH than for oth-
er agencies to showcase the link between its basic research and benefits
to “user” communities. Varmus pointed out that NIH invests $2 bil-
lion in clinical research annually, which allows specific examples of new
medical capabilities that embody more basic scientific research to be
visible in the evening news.r” This illustrates that a Jeffersonian strate-
gy can be strengthened if it is complemented by a more Baconian ap-
proach to the delivery of outcomes. This also helps the sponsoring
agency to satisfy the requirements of the Government Performance and
Results Act. As Harvey Brooks noted at the November 1999 workshop,
some other agencies can do this, too, pointing to research resulting in
the Internet, or to the history of agricultural research (with benefits not
only to the nation, but worldwide.)

Finally, Varmus noted that the serious intellectual work of building
the right basic research strategy and of constantly revising it as the sci-
ence and problems change is essential, as is a very active and effective
ongoing dialogue with political and public interest groups

Selecting Goals to which Science Can Best Contribute

What are the national purposes to which strategic investments in basic
science can most effectively contribute? David Hamburg, in his keynote
remarks to the November 2000 conference, identified four groups of
goals selected by the 1992 study, led by Guyford Stever, for the Carnegie
Corporation’s Commission on Science, Technology and Government:

« Quality of life, health and human development
e Sustainable economy
« Environment and natural resources

= Personal, national and international security

A collaboration of public and private efforts is required for progress
in all four of these broad goals. Federal agencies are charged with the
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responsibility for contributing to them. Ultimately the public must set
the goals and define its priorities. How is that to be accomplished? Who
will set the goals and priorities that determine the allocation of resourc-
es for federally funded research?

“Enabling the Future: Linking S&T to National Goals,” the title of
the Stever report, attempted to answer this question, calling for a Na-
tional Forum on National Goals. Hamburg noted that scientific bodies
such as the National Academies, AAAS, Sigma Xi, or perhaps a new
institution, might create the venue for exploring the most promising
opportunities for science to contribute to public purposes.

As Maxine Singer points out, defining the public interest is not easy,
since both political and scientific inputs are required. The media, she
notes, do not do a good job of helping the public understand where sci-
ence can best contribute. She offered, as a current example, human stem
cell research: “Many believe this research is in the public interest, but
many Americans reject the idea. Where does the public interest lie?
What is the public interest in genetically modified plants? Can anyone
say? Some people are concerned about motivation of large corporations,
others about organic foods, others about environmental implications,
others about international issues. But there is consensus on broad is-
sues: defense (if one is not specific), curing cancer (if you are not talk-
ing about stem cells).”

One can imagine a process for selecting public goals and defining the
role of Jeffersonian science in addressing them. Suppose focus groups
of citizens were asked to make a list of the problems they wanted gov-
ernment to address, listed in order of importance. The list might include
curing and preventing disease, finding new, sustainable sources of ener-
gy, deterring threats to national security, avoiding the worst consequences
of global climate change, improving our schools, achieving social and
civil justice. Then imagine that a group of broadly expert researchers
were brought in to describe, for each goal, what kind of basic research
would be suitable to improve our incomplete understanding of the is-
sues and find new options for dealing with them. A reordered list, ac-
cording to the combination of how important an issue was thought to
be and the likelihood that in time research could make the problem more
tractable, would constitute the priority list for public Jeffersonian sci-
ence investments. In practice, of course, the list of problems is debated
every day by politicians who are surrogates for the citizens, and the sci-
entific community struggles to find a way to inject its views on where sci-
ence can make the most effective contribution into that political discussion.
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Three factors make the injection of the scientific view into the lay
public’s discourse more difficult. First, cynics will say that the equilib-
rium of political and institutional pressures, not evaluations based on
deeper understanding, will determine the priority accorded to public
concerns. Second, the scientific community is not in uniform agreement
about the efficacy of research in remediation of public concerns. This
second factor has two roots: Many of the issues call for applications of
the social sciences, with attendant debates about their practical appli-
cability and assertions about their ideological implications. Moreover,
there are often serious barriers to the expression of demand for results
of social science research and skepticism about its utility, as in the case
of public education reform. The third factor arises from the fact that
the science research agencies of the federal government, with the excep-
tions of agriculture and NIH, have little experience in engaging lay pub-
lics in dialogue about the contribution of research to public interests.
Yet that is just what is required to build the support and ensure the suc-
cess of Jeffersonian science.

Implementing The Agenda: Developing Government Processes that
Effectively Couple Basic Science to Important National Objectives.

The second major component of Jeffersonian Science Policy is to cou-
ple public constituencies with mechanisms for implementing policy. The
framework for science policy-making in the presence of interest groups
and institutions must be addressed. Any alternative policy, such as a
Jeffersonian one, must meet the requirements of politics and bureaucracy
in order to become a meaningful force within the budgetary process.

Total investment in research and development in the United States
reached almost $265 billion in the year 2000, an increase of 60 percent
from the level in 1993. But this growth is almost all in the private sec-
tor and is development, not basic research. Government support for
research and development has shown much less growth (about 11.5
percent) and was less than half of the level of private investment in 2000.
Of this only $23 billion was spent by the federal government on basic
research in 2000.18 Because federal agencies provide the primary sup-
port for long-range, basic research in our universities and national lab-
oratories, this public support is crucial for both intellectual progress and
stimulating more applied activities, mainly in the private sector.
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Building Bipartisan Support

A first requirement is that any public expenditure that must be sus-
tained over many years must also enjoy bipartisan support. Thus any
formulation of Jeffersonian science must be seen by both parties either
as a-political or as of equal value to both parties. David Guston, dis-
cussing Representative Ehlers’ call for a new science policy at the No-
vember 2000 conference, noted that Representative Ehlers moved
“politics” into the center of the discussion, because Jeffersonian science
may not be as bipartisan as hoped for. It has a more apparent political
attraction than Newtonian science; that is, decision makers will under-
stand its consequences for the creation of and impact on organized in-
terests. And it may compete with more applied Baconian science. For
example, some activist cancer groups might respond to NCI’s commit-
ment to Jeffersonian science by insisting on a higher priority for short
term efforts, such as acting on the knowledge of the behavioral and
environmental causes of cancer we already possess, not waiting for ad-
dressing knowledge gaps in the quest for new scientific discoveries of
cancer cures.

Another limitation, noted by former-science advisor Jack Gibbons at
the conference, is the limited internal capabilities in the Congress. There
are few scientists in Congress. The organization of Congress is highly
complex and arbitrary, and many of the important science policy inputs,
such as the Office of Technology Assessment and the science division of
the Congressional Research Service, are gone. However, the Congress
does reflect American optimism about the value of research and explo-
ration. Whereas politicians went through some narrowing of commit-
ment in the middle 1990s, thinking that maybe the private sector might
pick up the slack, that tendency is now behind us. Congress is still un-
easy, however; federal funds for basic research are perceived as desir-
able, but given the general impression that beneficial outcomes may be
delayed by a decade or more, those research investments lack the urgency
to compete with other demands. Is government now increasing expen-
ditures on research that is going farther downstream toward the mar-
ket, in order to shorten the payback delay? There is unease about this
trend too, both regarding inequitable disbursement of funds and uneven
geographical distribution of research funding.

In November 1999, then-science advisor Neal Lane made the point
that even if currently there appears to be strong support for science in
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Congress, this support is not solid, but vulnerable. If questioned by
constituents about why tax money should be spent on science, many
politicians will have a hard time making the case convincingly. Here it
would make a tremendous difference if the executive branch and/or the
science community provided the politicians with more cogent and per-
suasive rationales for governmental science support.

Creating Basic Research Budgets and Presenting them to Congress

Data on federal basic research (and R&D) is packaged for the con-
gress in three versions:

e R&D (president’s request FY 2001) $85.4 billion (Including defense
development, testing and evaluation)

e Federal Science and Technology (FS&T) $53.7 billion (National
Academies and AAAS)

e 21t Century Research Fund: $42.9 billion (OMB, including almost
all of Federal basic research, over 30 percent of Federal applied re-
search and about half of Federal non-defense development, know
as Federal Science and Technology Budget in FY 2002)

These three versions of the FY 2001 budget for research and devel-
opment activities represent the various ways in which budgets are
tracked, with R&D being the broadest and least detailed approach in
terms of isolating the type (basic, applied) of research being funded.

FS&T is an attempt to gather together activities leading to new knowl-
edge and new enabling technologies, with the actual numbers being
obtained by subtracting large budget items that appear to create rela-
tively little new technical knowledge, such as DoD field-testing and in-
stallation of new technologies.*®* Who reads these numbers in Congress?
The appropriating committees originally asked for the report that gen-
erated the FS&T reconstruction, but the committees are generally in-
flexible in terms of their budget structures. If the FS&T analysis from
the NRC and AAAS is read at all, it is by authorizing committees.

The Office of Management and Budget (OMB) traditionally tracks
R&D broken out by basic research, applied research, and development,
as well as by agency. It collects the numbers from the agencies before
President’s budget goes to Congress and presents an R&D analysis af-
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ter the fact. For FY 1999 the Administration proposed a ““Research Fund
for America,” intending to use the tobacco settlement money. Renamed
the 21t Century Fund the next year, it allowed tracking the research
budget both internally and in Congress, week by week, because it was
defined in terms of line items in the Federal budget submission to Con-
gress. OMB has begun to use it to address the issue of “balance,” and
to encourage the interesting things that are happening at the boundaries
of disciplines. The 215 Century Fund is comprised of most of the basic
research, a third of applied, and half of civilian development from the
total R&D budget.*®

Are agencies consistent in their definitions? OMB defines basic, ap-
plied, development, but agencies interpret definitions differently. For
example, NIH considers its entire budget some kind of investment, while
NSF excludes some of its funding from research and development (staff
of NSF, for example, or the logistical support for Antarctic program).

Interagency Coordination of Research Strategies

Classification of science as basic, applied, and development is prob-
lematical, not only on theoretical grounds but as an obstacle to sorting
out the distinction between the political motivation for investment in
research and the conditions under which it is performed.?® Thus strate-
gic investment in basic research justified by opportunities to make
progress toward national goals might be considered by some as “basic”
and by others as “applied.” This challenge to the way government agen-
cies categorize their research investments is exacerbated by the fact that
basic technological research will play an important role in the pursuit
of many national goals.?*

The Office of Science and Technology Policy (OSTP) and OMB, with
advice from PCAST, could establish those long-term goals in budgetary
form and monitor agency progress toward them. Bromley noted that
PCAST could be a significant mechanism for bringing high-level non-
governmental evaluation to these long-range research programs, but this
would require a level of time commitment (and budget) more charac-
teristic of PSAC (President’s Science Advisory Committee) in the 1960s.
As Jack Gibbons stated, the added burden on OSTP to oversee the de-
velopment of these programs would require, more than ever, an increase
in the Congressionally budgeted staff for OSTP.22 Hamburg suggested that
this should be done separately from the annual budget, consistent with Al-
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lan Bromley’s suggestion—a two-tiered budget process, with a few, multi-
year presidential initiatives, plus the regular, evolutionary budget.

Both Bromley and Gibbons saw the White House interagency research
agency body—the Federal Coordination Committee on Science and Tech-
nology (FCCST) and the National Science and Technology Council
(NSTC) respectively—as a useful management vehicle for the required
interagency coordination. Bromley, reviewing his experience in the Bush
administration, felt that OSTP, OMB, and the agencies, with FCCST,
brought about major changes to enable the Jeffersonian research mode.
Whichever device is used to formulate interagency programs, and however
OSTP and OMB work together to monitor and manage them, a clear re-
quirement is cross-agency coordination of these long-term programs.

A Macro Budget Strategy

The long-term basic research strategies would be established at the
level of broad, cross-agency, program objectives. Thus they would form
part of the macro-budget strategy. The value of outputs from Jefferso-
nian strategies would be evaluated at the integrated program level also.
Thus when the strategy is being updated, groups of experts would be
asked to evaluate what was learned from the totality of the work of the
scientific enterprise. But the funds, once allocated to program manag-
ers in the agencies, would be distributed under the discipline of peer
review, a micro-budget strategy to assure the highest quality in each and
every research project. This distinction was clearly seen by Stokes
(1997:121). For this reason OSTP and the NSTC (or its equivalent) must
play a significant role in strategy setting and evaluation, but individual
scientists would not be required to justify their basic research in terms
of expected application benefits, whether it were funded under a Jeffer-
sonian or a Newtonian budget allocation. [See A Micro Project Strate-

gy, p. Xxx].

Enabling the Agenda: The Scientific Community—Expectations,
Motivations and Goals

At a time when a new covenant between science and society is being
sought, and when disenchanted or aggressively anti-science forces chip
away at the moral authority of science itself, the exhibition of the exist-
ence and eventual successful results of the Jeffersonian model should
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change the general tone in the future. At a lecture at Harvard Universi-
ty, former presidential science advisory Neal Lane described the ““sci-
ence culture barrier...that has to do with our image, the image of the
‘white lab coat,” or the ‘ivory tower,’ or ‘cloning ourselves,” or ‘curiosi-
ty driven,” or ‘knowledge for knowledge’s sake,’ or similar descriptions
that are seriously misunderstood.”

Lane suggested ““the concept of Jeffersonian science can help us de-
velop a strategy for addressing this image problem, but it will take some
serious effort on our parts. There are, of course, two aspects to deal
with. One is the need for understanding and consensus within the re-
search community that this is the right way to think about science and
even to set research priorities, at least at a general level. And, the other
is the need for effective communication of these notions. A dialogue is
really what we need, with the larger society.”

A Micro Project Strategy

While it is essential for the scientific community to do a better job of
talking about science with the public, with opinion makers and with
politicians, the concept of basic science in service to public objectives
does not (like the Mansfield amendment) mean that the researchers
should be expected to defend the relevance of each specific project to
the public objectives it might support. As discussed [in Interagency
Coordination of Research Strategy, p. xxx] the responsibility for iden-
tifying the national goal by which Jeffersonian science budgets are jus-
tified lies with government officials. This forms part of the macro-budget
function. Applicants for an NSF grant are, of course, required to de-
fend their proposals. They are asked to indicate how the proposed work
will advance scientific understanding and how, also, it might bring val-
ue to society and to the institution of science.?® These responses are an
important part of the basis for peer evaluation. Scientists proposing sin-
gle projects should not be required to describe in detail the public value
that justifies the work.?* They may of course volunteer that informa-
tion if they wish. The primary job of linking basic science research and
public objectives is for the funding agency, for its advisors, and for the
lay institutions that identify goals they believe Jeffersonian science should
support.
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6.2 Human Resources: Equity, Sufficiency and Societal Interests

The issues a Jeffersonian science agenda seeks to address go beyond
defining research agendas and specifying conditions for their perfor-
mance. A basic question must be: “What capabilities does the nation
require to address the challenges in our society in the coming century?”
This phrasing clearly brings in not only the idea of a broader source of
priorities for research investment, but the importance of education re-
form, of reversing the decline of student interest in science, and of the
engagement of more women, minorities and handicapped persons in
science—in short the balance of human resources required for a truly
healthy scientific enterprise

As noted earlier, the public at large does not feel it has a sufficient
stake in the scientific enterprise, particularly its more ““ivory tower™ parts
in which linkage with the ultimate solution of societal problems is some-
what indirect and uncertain. This lack of a perceived stake in scientific
and technological progress applies particularly to demographic groups
that will form a growing fraction of the U.S. population and voters in
the next two decades, if not in the longer-term future.?® It applies as
well to women, who will comprise a growing fraction of the full-time
work force, including increasingly its upper echelons.

It has been pointed out that our unprecedented prosperity, largely
driven by the explosive growth of the high tech sector, would not have
been possible without a flood of immigrants educated abroad, particu-
larly from India and China and other Asian countries. This dependence
on foreign labor from mainly developing countries creates a very unsta-
ble situation that cannot go on indefinitely.?® Moreover, it is likely to
create a serious backlash if there is even a slight slowdown in the econ-
omy, since the number of low-tech and service jobs at the bottom of the
social ladder has been steadily shrinking, and most of these jobs have
been held by disadvantaged minorities or women. These people are
voters and form part of the constituency that needs to be convinced that
they have a stake in the economic benefits resulting from science. So
far the backlash has been directed mainly at the World Trade Organiza-
tion and free trade, but it is only a question of time before it is also di-
rected against technology, and, by association, the science on which it
is based.

Publicly supported Jeffersonian-type and even Newtonian type re-
search is responsible for uncovering most of the otherwise unforeseen
negative impacts of the application of science and technology, both old
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and new. Some of these adverse impacts fall differentially on the poor
and on minorities. Women as a group are often much more concerned
with adverse environmental and health impacts than the rest of the pop-
ulation. Jeffersonian science is an important tool for insuring the re-
sponsible use of technology, especially when it is developing very rapidly,
and this relates directly to public issues in which minorities and women
have a big stake. Consequently, it is important that these groups have
spokespeople who are technically literate, and it is furthermore impor-
tant that members of underrepresented groups are visible parts of the
scientific-technical enterprise, so that these groups do not look upon
scientists and engineers as “they,” but rather as a part of “us.”

There are three dimensions of the human resource issue:

a. Is the opportunity to participate in finding solutions to the nation’s
most pressing problems unfairly denied to a substantial fraction
of the population?

b. Can a sufficient number of American scientists be trained without
the full participation of women and minorities?

c. Will the expansion of research resources tied to visible societal goals
attract the participation of minorities who otherwise would not
pursue a scientific career?

At the November 2000 Conference, Vivian Pinn pointed out that “the
NSF report this year on women in science, mandated in law by Repre-
sentative Connie Morella (R-MD), showed that in 1997 women consti-
tuted 23 percent of the S&E labor force. There was no progress from
1993 to 1997, and in computer science progress has been retrograde.”
Paula Rayman observed that in a 1972 conference, at the New York
Academy of Science, on women in science, participants hoped that by
the year 2000, women would achieve parity with men. Not even half
that goal has been reached in most disciplines. In new fields, like com-
puter science, women made big inroads, but plateaued, in the 1980s, at
34 percent, and ever since female participation has been on the decline.
In some fields, like medicine and life sciences, women are fairly repre-
sented numerically in graduate and professional schools, but remain
underrepresented in senior positions, and face continuing obstacles to
professional advancement. As Jaleh Daie noted, “the task is greater than
any one sector’s ability to rectify the deficiencies. We must leverage re-
sources by creating strategic and lasting partnerships between the pri-
vate, public and non-governmental organizations (NGOs) sectors. These
partnerships are essential to achieving long-term, systemic structural
reform. A new forum based on the four Cs; Communication, Cooper-
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ation, Coordination and Consolidation is needed to facilitate and cre-
ate strategic alliances...we know we have achieved equity when partic-
ipation of women is unremarkable, natural and taken for granted.”

Our conclusion is that to mobilize the indigenous human resources
required to address the nation’s critical problem, to ensure that the sci-
entific community and the citizens whom they serve are in tune with each
other, and to bring to Jeffersonian science the values and perspectives
of the broad spectrum of Americans, the government’s research strate-
gy must have an effective component of a more diverse and more at-
tractive educational system in science and engineering.

Moving Forward: Jeffersonian Research Strategies as a Central
Feature of U.S. Science Policy

Lessons Learned

Broad acceptance of the Jeffersonian science concept: The applica-
bility of a Jeffersonian approach is accepted, at least in principle, by a
broad spectrum of policy makers, scientists, and politicians. In the two-
year history of this project we have experienced a ground swell of sup-
port for the idea and very little challenge to it. The question is how to
move such an approach to the center of science policy formulation.

Importance of properly defined national goals: Previous and ongo-
ing initiatives have demonstrated broad support for categories of goals,
such as quality of life and health, sustainable economy, environmental
and natural resources, and security. The process of determining suit-
able goals and the science to achieve them must take the form of an
extended national discussion involving all stakeholders.

Importance of constituents and the public to the formulation of sci-
ence policy: stable funding for curiosity-driven research that supports
broad societal goals must rest on a consensus of strong, supportive,
public constituencies.

Structural change is required in governmental and policy processes:
Sustained public expenditure and multi-year budgeting, the need for
interagency coordination and shared terminology, high-level non-gov-
ernmental evaluation of long-range research projects, and expanded
resources for OSTP should all be part of adapting U.S. science policy to
the realities of the 215 Century. There seemed to be a general accord
with Bill Bonvillian’s observation that “there is a big need to rethink the
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structure of the science portfolio and the concept—whatever we call it—
needs serious debate.” There is also a need for mission agencies to re-
new their commitment to their intellectual roots.

Changes within the science community: The scientific community
needs to undergo a number of changes in order to positively affect and
enhance the nature of U.S. science policy and its ability to meet nation-
al challenges:

« Need for improved communication between the scientific commu-
nity and the public and policy-makers,

« Differentiation between macrolevel policy agenda setting, and mi-
crolevel scientific research—individual grant applicants would not
need to become the principal defenders of the social outcomes side
of their research.

« Expanding the base of scientific human resources is crucial to the
future of U.S. science policy. Linking social and national issues to
science can have a strong impact on attracting women and minor-
ities to what was previously considered predominantly a white male
domain.

There is no one-size-fits-all solution: Each national issue requires a
unique process for creating the research strategy. The case discussions
on education, energy, and global climate change demonstrated the tre-
mendous variance in the adaptation of a Jeffersonian strategy to a given
issue.

Integrating the social sciences: There is a need for stronger integra-
tion of the social sciences into the process of formulating research strat-
egies linked to societal outcomes.

Moving Forward with Jeffersonian Science—Key Issues

Individual and professional society initiative is crucial: It is vital to
stress that we are not calling for a top down initiative, but rather the
active participation of everyone reading this Report. The sources of
change identified over the past several years are multiple and varied, and
not limited to the higher levels of policymaking and government. Initi-
atives to create the research strategies we envision might come from
groups of scientists, from science agencies in government, or from groups
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of concerned citizens. All will need to participate in defining the goals
and setting the strategies.

Continued growth of public investments in Newtonian science, pur-
sued without regard for applications is essential at the same time that
Jeffersonian research strategies are put in place. Neither is a substitute
for the other.

A national conversation on the future of science policy must be com-
posed of a series of ongoing stakeholder conversations. These conver-
sations must be designed in a way that encourages not only evaluation
within the various groups and communities involved in science policy,
but must also cut across traditional boundaries. Scientists must listen
to and inform government officials, public constituents must be strong-
ly involved in the formulation of national goals and policies, agencies
must represent the importance of the science to politicians.

Measuring the results of Jeffersonian science is a crucial component
to success. David Guston pointed out that the Jeffersonian science frame
begs some critical questions: How do we evaluate—by what mechanisms
and standards—the results of Jeffersonian science, and what do we do
with the evaluations? Jeffersonian science invites us to examine the how’s
of connecting research outputs to social outcomes. We have limited tools
for limited assessments, e.g., licensing income for economic benefit. But
can we develop others?

Comprehensive analysis of existing models, such as NIH and NSF,
will help guide the expansion of Jeffersonian strategies to other nation-
al issues and goals. Both the successes and the shortcomings of current
efforts can and must inform future policy.

The cases identified in the conference—education, energy and climate
change—should be the subject of a broader exploration in order to de-
vise appropriate Jeffersonian strategies. Experts from the relevant fields
of science and policy, and the public should be brought together for an
ongoing discussion as to how to connect the best science to the most
problematic areas of these important national issues. As mentioned
above, no single formula will work for all issues—strategies must be
crafted on a case-by-case basis.

Coda

Few will disagree that the achievements of science and technology are
going to be preeminent among the determinants of what makes a na-
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tion great in the 21 century, as economic potential, military might, and
the social fabric of society ever more closely depend on scientific and
technological progress. To a large degree, our civilization will only con-
tinue to flourish to the extent that science and technology continue to
perform in the service of excellence and of the common weal.

One of the obstacles to embracing this truth, and acting upon it, is a
certain shortsightedness, an unwillingness, within society at large, and
the political system in particular, to wait for delayed gratification. Such
an attitude hurts both the achievement of progress toward social goals
but also the support for basic scientific research whose potential social
benefits, although in many instances very real, often become evident only
at a longer view. Our Initiative is intended to ameliorate this problem
by strengthening the coupling of basic research and social needs.

To summarize our chief argument: We have proposed an integrated
tripartite strategy of federal science policy that adds a third mode to the
federal research portfolio, which customarily has been understood in
terms of a dichotomy of basic and applied research. To be sure, both
applied research that transforms theoretical knowledge into useful prod-
ucts and services, and curiosity-driven basic research that, as the record
of the past decades amply demonstrates, has led to unpredictable spin-
offs of enormous societal value, will remain vital to a healthy national
science enterprise. But the addition of a third mode—basic science that
is targeted in an area of important societal objectives, or Jeffersonian
science—is likely to bring about specific major advantages over the cur-
rent system. First, it will enable science to do even more, and more
quickly, for society than science is currently being asked to do, and it
will thus speed societal progress. Second, it will make the link between
basic research and public objectives more obvious, so that the public will
have a greater appreciation of the benefits of science, and will be inclined
to provide increased and stable support not only for Jeffersonian sci-
ence, but for the whole scientific enterprise. And finally yet important-
ly, it will enhance science’s claim to moral authority, which any
enterprise, including science, deserves insofar as it is understood to serve
the public interest.

These are not radical or untried notions, especially not in American
history. As long ago as 1743, Benjamin Franklin sparked the founding
of a scientific society “for Promoting Useful Knowledge.” And in 1780,
John Adams gathered a group of his colleagues to create an organiza-
tion “to cultivate every art and science which may tend to advance the
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interest, honor, dignity, and happiness of a free, independent, and vir-
tuous people.”

Having entered upon a new century, with its own dangers and op-
portunities, we remain committed to these same aims, as worthy now
as they were then.

Endnotes
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Allan Bromley stated that FS&T cut the ground out from under the argument
for transferring defense R&D to civil R&D.

See Stokes 1997:64-70; Branscomb 1999.

The idea of “basic technology research” is explored in L.M. Branscomb, “From
Science Policy to Research Policy” in L.M. Branscomb and J. Keller, eds, In-
vesting in Innovation (Cambridge MA: MIT Press 1998).

Some people have suggested that OSTP should receive an operating budget so
it could fund selected, long range research programs directly. Bromley specifi-
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