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Preface 

Edward Derrick 

On December 15, 2011, AAAS held a symposium to honor Albert H. Teich upon his retirement 
from the association after 32 years of service. An account of the symposium itself was written up 
for the aaas.org website and is available at:  

http://www.aaas.org/news/releases/2011/1229science_policy.shtml 

Like this volume, the symposium was intended as an exploration of contemporary topics in 
science policy.  Over the course of a distinguished career, Al made contributions both broad and 
deep to the field.  The range and significance of his contributions are reflected only in part by the 
topics and authors in this book, as well as the speakers and attendees of the symposium.   

Al started at AAAS in 1980 as Manager of Science Policy Studies.  AAAS had by that time 
begun a number of its still-ongoing efforts in connecting the science and engineering 
communities to the world of policy and broader societal interests, including having established 
several Board-appointed committees. The Committee on Science, Engineering and Public Policy 
(COSEPP) had been established in 1973; the AAAS-American Bar Association National 
Conference of Lawyers and Scientists (NCLS) had been established in 1974; the Committee on 
Scientific Freedom and Responsibility (CSFR) had been established in 1976.  Also, several 
signature programs had begun, including the S&T Policy Fellowships program (which had its 
first class in 1973) and the R&D Budget and Policy Program, which had started producing an 
annual analytic report on R&D in the federal budget and sponsoring an annual Colloquium on 
R&D policy in 1976 (which in 2001 was renamed the AAAS Forum on S&T Policy).  He came, 
then, at a time of the Association’s growing awareness of the value of science policy activities.   

His first responsibilities at AAAS included directing the R&D Budget and Policy Project (now 
called a program) and serving as staff officer for two committees (COSEPP and NCLS).  He 
took on an increasing number of responsibilities over time, recognized by title changes to Head 
of the Office of Public Sector Programs in 1984, then Director of Science and Policy Programs 
in 1990.  By 2010 when he stepped down as director,  the Science and Policy Programs included 
the S&T Policy Fellowships and R&D Budget and Policy Programs, as well as the Center of 
Science, Technology and Congress (now the Office of Government Relations); the Research 
Competitiveness Program; the Dialogue on Science, Ethics, and Religion; the Program on 
Science and Human Rights; and the Scientific Freedom, Responsibility and the Law Program 
(the latter two now merged as the Scientific Responsibility, Human Rights and the Law 
Program).  He also oversaw the AAAS Archives and the founding and production of both the 
weekly AAAS Policy Alert newsletter and the annual AAAS Leadership Seminar in S&T Policy.  
In 2011 he served half-time as senior policy advisor to AAAS, and in 2012, having retired from 
AAAS, he became a research professor in the Center for International Science & Technology 
Policy at George Washington University.  By the time of his retirement, then, the programs he 
oversaw and nurtured had blossomed into a significant presence at AAAS, in Washington, and in 

http://www.aaas.org/news/releases/2011/1229science_policy.shtml
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the field of science policy, altogether comprising about 40 people and with an annual budget of 
approximately $13 million (of which 85 percent came from external sponsors). 

A book he first published in 1972, Technology and the Future, is now in its 12th edition, and has 
become the world’s best-selling college text on technology and society.  While at AAAS he 
contributed to numerous articles and books, made innumerable presentations, testified multiple 
times before Congressional committees, and participated on advisory committees in the U.S. and 
around the world.  He became a Fellow of AAAS in 1986, received an Award for Scientific 
Achievement in Science Policy from the Washington Academy of Sciences in 2004, and became 
an honorary member of the Washington Science Diplomats Club that same year.  He was a 
constant presence in the Washington science policy circles and frequently sought-after as a 
commentator and advisor on issues across the span of things we characterize as “science and 
technology policy” as well as “science in society.” 

His good humor, his hobbies, and his family were never far.  He managed to combine his 
passions in several ways, including organizing with his wife Jill Pace symposia on such topics as 
the science of kissing (one of the most-reported symposia from the AAAS Annual Meeting of 
2009) and the science of ice cream (AAAS Annual Meeting in 2002); and he managed to 
convince a former major league baseball player to participate in a symposium he organized with 
Stephen Jay Gould on the science of baseball (AAAS Annual Meeting, 2000). His photographs 
are on the walls of AAAS and the National Press Club, among other places. 

Because of the range of topics he covered, it has been both easy and difficult to choose the topics 
for the symposium and this volume - easy in that there are many topics from which to choose, 
but difficult to narrow down to a digestible set. Each chapter is written by a long-standing 
colleague of Al’s.  The editor is grateful to the authors for their contributions. However, the 
opinions expressed are those of the authors and not intended to represent their institutions nor 
AAAS.  The editor wishes to assure the reader that omissions and mischaracterizations are 
entirely our own doing, and should not reflect on either the chapter authors nor on Al.   

First in the volume is an analysis of the federal investment in R&D.  No science policy volume 
would be complete without one.  This remains a core element of the science policy work at 
AAAS and a focus of the annual S&T Policy Forum. It was also Al’s first responsibility at 
AAAS.  

Chapters on space policy; misconduct and integrity in science; the science policy workforce; and 
the science of science policy follow.  These reflect areas where Al has conducted research, 
published articles, convened conferences, advised policy makers, and otherwise contributed to 
the advancement of policy and practice in the field.  For coverage of other topics — such as 
public understanding of science, international science and national science policy, science and 
security, technology transfer, research competitiveness, the role of national labs, and 
mechanisms for advice to policy makers, to name just a few — the reader will have to refer to his 
body of work.  This body keeps growing, by the way — at the time of this printing, he is 
working on a project regarding visa issues for foreign scientists and engineers.   
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A final discussion on the meaning of science policy itself comes from Eugene Skolnikoff, who 
had served as Al’s dissertation supervisor at MIT.  The chapter elegantly serves to remind us to 
stop in the middle of doing what we do to reflect on the nature and meaning of what we do.     

On behalf of all of us who have had the pleasure of working with Al, we offer this set of essays 
as a tribute and a thanks for his work and effort on behalf of AAAS and the science and science 
policy communities.  His contributions and his leadership have made a significant difference to 
us all, and his legacy will persist for a very long time.  As we did at the close of the symposium 
(see picture), we applaud Al.  

Photo by DC photographer Marty Katz.  
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Federal R&D – Sixty Years Advancing the Frontier

John E. Jankowski1 

Analysis Framework 

Up until World War II the federal government’s role in the science system was relatively minor 
and its funding for research and development (R&D) was generally small.  However, successful 
wartime experiences demonstrated the potential for useful partnerships among the federal, 
industrial, and academic research sectors that might be extended to peacetime needs.  To 
investigate such possibilities, in 1944 President Roosevelt requested Vannevar Bush, Director of 
the wartime Office of Scientific Research and Development and de facto Science Advisor, 
outline how lessons learned from the wartime organization of science and engineering could be 
applied in times of peace.  Particular questions of interest were how to best declassify secret 
wartime research results; support health-related research; identify federal means to provide aid 
for research activities in public and private organizations; and assess the feasibility for creating a 
program to develop scientific talent.   

Responses to these questions and concerns were summarized in the report Science—The Endless 
Frontier (Bush 1945), which highlighted the importance of scientific progress to the nation’s 
health, prosperity, and security.  The importance of government financial support to basic 
medical research and to military research in peacetime was emphasized, as well as was the 
importance of providing federal basic research support to universities and colleges.  Noting 
successful past federal investments in agricultural sciences, Bush recommended that similar 
support be extended to all science and engineering fields.  The report highlighted the need for 
government sponsorship of undergraduate scholarships and graduate fellowships to help develop 
scientific talent, and for the provision of federal incentives to industry to conduct R&D with their 
own funds.   

The report also recommended that a National Research Foundation be created to encourage and 
fund research in the public interest.  Up until then, few people had given serious thought to the 
need for a continuing government role in the science enterprise during a postwar period; 
however, the obviously increasing importance of federal government in science policy and its 
impact on academic research and industrial activities was broadly changing that view.  
Accordingly, in 1946, President Truman created a Scientific Review Board, chaired by John 
Steelman, to review current and proposed R&D activities both within and outside of the federal 
government.  The result of that review was a five-volume report, the first of which was called 
Science and Public Policy (commonly referred to as the Steelman Report, 1947).   

The Steelman Report noted that the U.S. should strengthen and expand its domestic economy 
through the expansion of scientific knowledge, which in turn would lead to steady improvements 
of technology.  The report highlighted the contribution of R&D to national prosperity and 
national security, and consequently included a specific recommendation that by 1957 the United 

1 The views expressed here are strictly those of the author and do not necessarily reflect the views of the National 
Science Foundation. 
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States should devote at least one percent of the national income to R&D.  Steelman noted that 
most major nations already fully recognized the essential importance of science and were 
expanding their own R&D budgets.  As did Bush, he argued that a heavier emphasis needed to 
be assigned to basic research activities in general and to medical research in particular.  The 
report specifically recommended the creation of a National Science Foundation to support the 
growth of basic research activities.  Although there is some debate as to whether these reports 
were successful as blueprints for defining immediate science policy2, it seems clear that together, 
Science—The Endless Frontier and Science and Public Policy, became ex officio roadmaps for 
federal R&D investments over the several decades that followed. 

National Perspective 

Data pieced together from a variety of sources indicate that only about $345 million was spent on 
R&D nationwide in 1940, of which the federal government was the source of $67 million (19% 
of the total).3  Most of the federal money came from defense agencies.  Industry provided an 
estimated $234 million (68%) of the national 1940 R&D total (Bush 1945; Bureau of the Census, 
undated).   

National R&D Performance.  In the mid-1950s more systematic data collection was initiated in 
order to better track the nation’s investments in R&D, both where the work was undertaken as 
well as the sources of such funding.4  As a result of the wartime expansion of R&D activities and 
the subsequent efforts to increase peacetime R&D endeavors, by 1955 the National Science 
Foundation (NSF) estimates that more than $6 billion was devoted to such activities (NSF, 
National Patterns.)  (See also NSB, 2012.)  In terms of where the R&D is performed, the federal 
government including its federally funded R&D centers (then consisting primarily of work at its 
atomic weapons laboratories) accounted for 21% of the national 1955 R&D total, with industrial 
firms accounting for most of the rest (Table 1).  Relatively little R&D was undertaken in the 
nation’s universities or other nonprofit institutions.  In terms of R&D funding, the federal 
government provided 57% of the national total, with industry providing the majority (40%) of 
the remainder. 

2 See, for example, Blanpied (2000) and Greenberg (2001) for somewhat critical assessments of the immediate 
impact of Vannever Bush in influencing specific post-war science policies.   
3 In today’s dollars, this somewhat paltry figure would be equivalent to a $4.5 billion US total, including just an 
$850 million Federal investment. 
4 All the data in this section are from surveys of R&D performers, who report their total R&D expenditures and the 
sources of such funding.  Performer-reported R&D totals may differ from R&D totals reported by the funding 
organizations because of differences in coverage (sample surveys versus censuses), timing (differences between 
when the dollars are provided by the funder versus when the dollars are spent by the performer) and interpretation of 
what actually constitutes the R&D activity that the dollars are purportedly measuring. 
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Table 1.  U.S. R&D Expenditures, by Performing Sector and Source of Funding: 1955-2009 

Sector 1955 1980 2009 
Current $millions 

All performing sectors 6,281 63,224 400,458 
Business 4,517 43,228 282,393 
Federal government  1,292  11,884  46,151 
     Federal intramuralb  973  7,831  30,901 
     FFRDCs   319   4,053   15,250 
Universities and colleges   342   6,455   54,382 
Other nonprofit organizations   131   1,658   17,531 

 All funding sectors 6,281 63,224 400,458 
Business 2,522 30,929 247,357 
Federal government  3,603  29,986  124,432 
Universities and colleges  42  920  11,436 
Nonfederal government  50  519  3,675 
Other nonprofit organizations  64  871  13,559 

Constant 2005 $millions 
All performing sectors 37,871 132,407 364,951 

Business 27,234 90,531 257,355 
Federal government 7,785 24,885 42,058 
     Federal intramuralb 5,865 16,399 28,161 
     FFRDCs 1,920 8,486 13,897 
Universities and colleges 2,062 13,518 49,561 
Other nonprofit organizations 790 3,473 15,977 

 All funding sectors 37,871 132,407 364,951 
Business 15,206 64,773 225,425 
Federal government 21,725 62,799 113,399 
Universities and colleges 253 1,926 10,422 
Nonfederal government 301 1,086 3,349 
Other nonprofit organizations 386 1,824 12,356 

Percent of U.S. totals 
All performing sectors 100% 100% 100% 

Business 72% 68% 71% 
Federal government 21% 19% 12% 
     Federal intramuralb 15% 12% 8% 
     FFRDCs 5% 6% 4% 
Universities and colleges 5% 10% 14% 
Other nonprofit organizations 2% 3% 4% 

All funding sectors 100% 100% 100% 
Business 40% 49% 62% 
Federal government 57% 47% 31% 
Universities and colleges 1% 1% 3% 
Nonfederal government 1% 1% 1% 
Other nonprofit organizations 1% 1% 3% 

Source: National Science Foundation/NCSES.  National Patterns of R&D Resources (annual 
series) 
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Over the next half century, national R&D spending increased sixty-fold to $400 billion in 2009 
(or a ten-fold increase in inflation-adjusted dollars; from 38 billion 2005-dollars in 1955, to $132 
billion in 1980, to $365 billion in 2009).  Throughout this period, industry remained the 
dominant R&D performing sector in the country (at about 70% of total in any given year), 
whereas the R&D share undertaken in federal laboratories (including those owned by federal 
agencies and Federally Funded Research and Development Centers (FFRDCs) administered by 
industry, universities and nonprofits in support of federal mission activities) declined to 12% of 
total in 2009.   

National R&D Funding.  Unlike the circumstance whereby the industry sector remained the 
largest performer of R&D throughout the post-war period, the relative importance of funding 
sources shifted dramatically.  As already noted, it is estimated that prior to the wartime build-up, 
the federal share of national R&D funding was about 19% of total in 1940.  As a result of a 
major infusion of military-related R&D for the war effort and the subsequent concerted peace-
time expansion of federal R&D funding in the decade following, the federal share reached 57% 
of total by 1955 (Table 1).  The federal share peaked at 69% in 1964, at which point industry was 
providing 31% of all R&D funding in the country.  Over the next several decades there was an 
R&D funding reversal during which the industry sector supplanted the federal government as the 
primary source of funding for the nation’s R&D activities.  Industry’s share of the R&D funding 
total steadily rose from 31% in 1963 (its low point in the available time series) to about one-half 
of total in 19805, and then climbed to a high of 69% of total in 2000 (Figure 1).  The industry 
funding share has since edged downward, to 62% of total in 2009.  By comparison, the federal 
government’s funding share dropped from 57% in 1955 to 47% in 1980.  It reached a local low 
of 25% of total in 2000, before climbing back to 31% of the 2009 national R&D total.  Overall, 
the current circumstance reflects a near mirror reversal in industry/government R&D funding 
shares from that which existed fifty years previously.   

5 Not only is 1980 the first year that industry funding exceeded Federal funding for R&D, but—perhaps 
coincidentally—1980 is the year that Dr. Albert Teich joined AAAS as an R&D budget analyst. 
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Figure 1. National R&D Expenditures, by Source of Funds 
Percent 

Source: National Science Foundation/NCSES. National Patterns of R&D Resources (annual 
series) 

One of the most commonly used indicators of a country’s commitment to R&D investments is 
the ratio of R&D expenditures to overall economic activity as measured by its gross domestic 
product (GDP).  In 1940, scientific R&D expenditures were equivalent to 0.4% of GDP (Bush, 
1945, p. 86), representing a level of support that was considered highly inadequate.  After more 
than a decade of deliberate post-war federal R&D growth, by 1955 federal R&D expenditures 
had risen to 0.87% of GDP and the US R&D/GDP ratio surpassed 1.5% (Figure 2), exceeding by 
more than one-half the initial Steelman Report goal for 1957.   

Since then, the nation’s R&D-to-GDP ratio has fluctuated within a rather narrow band (between 
2.1 and 2.9%), but has most recently been inching upward.  The ratio reached its highest 
recorded peak in 1964 (2.88%) largely as a result of major federal R&D spending increases, 
particularly for defense and space activities.  There then was a relatively steady decline in the 
R&D/GDP ratio, to about 2.1% in 1978 reflecting primarily the drop in federal R&D spending, 
as well as lackluster growth in nonfederal R&D funding sources.  After a period of relatively 
steady R&D growth in the 1980s, again much of it defense-related, the US R&D/GDP ratio 
reached 2.7% in 1991.  Since then—and until recently—the ratio had largely been maintained by 
strong nonfederal R&D growth that served to offset initially declining and then rather flat federal 
R&D spending.  By 2009, with federal R&D funding once again rising, the US R&D/GDP ratio 
had reached 2.87%, its highest level since 1964.  The federal R&D/GDP ratio in 1964 was 
1.92%; in 2009, the federal R&D/GDP ratio was 0.89%. 
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Figure 2.  R&D-to-GDP Ratio, by Source of Funds  
Percent 

Notes: Federal R&D/GDP ratios represent the federal government as a funder of R&D by all 
performers; the nonfederal ratios reflect all other sources of R&D funding.   

Source: National Science Foundation/NCSES.  National Patterns of R&D Resources (annual 
series) 

Budgetary Perspective 

Despite this apparent relative decline in federal R&D funding during the past 60 years, there 
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continuing importance of R&D in the federal portfolio is notably evident by comparison with all 
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those for Social Security, Medicare, Medicaid, and interest on the national debt, are considered 
mandatory items in the federal budget.  That is, for mandatory programs, the government is 
already committed to their financing at certain mandatory levels and cannot cut them without a 
change in the law.  By contrast, discretionary programs, out of which all defense and non-defense 
R&D is funded, do not enjoy the same level of protection from budget-cutting proposals; and the 
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In 1950, discretionary funds accounted for 57% of the total budget: R&D outlays (three-fourths 
of which were for defense purposes) accounted for 2.4% of the total budget and for about 4% of 
all discretionary funds (Figure 3).  Between 1950 and 1967, federal R&D expenditures grew at 
an inflation-adjusted rate of about 15% per year.  Such funds were provided to support a variety 
of government objectives.  For more than a decade thereafter, however, R&D outlays failed to 
keep up either with inflation or general increases in the economy.  Indeed, federal R&D outlays 
fell 20% in real terms between 1967 and 1979, a decrease that was felt in both defense and 
civilian R&D programs.  Nonetheless, by 19806—at which point mandatory program spending 
first exceeded half of the budget—the relative share devoted to R&D was still higher than it had 
been in 1950: R&D funding accounted for 5.3% of the total budget (Figure 3) and for 11% of all 
discretionary funds (Figure 4).   

Since 1980, R&D outlays as a share of total discretionary spending climbed to as high as 15% of 
total in 1998, before settling back to about 10.5% of total in 2010.  By then, mandatory programs 
(including interest on the debt) accounted for fully 61% of the entire $3.5 trillion federal budget, 
and discretionary programs for just 39% of total.  Defense and nondefense R&D accounted for 
2.3% and 1.9%, respectively, of the entire budget, and for 12% and 9% of the discretionary slices 
of the budget pie.  As a final observation, however, one may note that even small percentage 
changes in the R&D share of the budget—or even just the discretionary side of the budget—have 
huge implications.  A one-half percentage point increase in the R&D share of the budget would 
be equivalent to more than $17 billion; a one-half percentage point increase for the R&D share of 
discretionary spending would total about $7 billion, which would exceed the R&D totals for all 
but four federal agencies.7 

6 And again one notes that—perhaps coincidentally—1980 is also the year that Dr. Albert Teich joined AAAS as an 
R&D budget analyst. 
7 In 2010, total outlays for R&D (basic research plus applied research plus development) totaled $141.3 billion.  
Only the Departments of Defense ($77.6 billion), Health and Human Services ($33.6 billion) and Energy ($8.8 
billion) and NASA ($8.5 billion) had R&D outlays exceeding $7 billion.  NSF, next highest in terms of agencies’ 
total R&D outlays, reported $3.7 billion of such expenditures.  



 8

Figure 3. R&D Share of the Federal Budget 
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Source: Office of Management and Budget (OMB). (2012). “Budget of the United States 
Government: Fiscal Year 2013. Washington, DC: U.S. Government Printing Office 

Figure 4. R&D Outlays as a Share of Discretionary and Mandatory Programs 

Source: Office of Management and Budget (OMB). (2012). “Budget of the United States 
Government: Fiscal Year 2013. Washington, DC: U.S. Government Printing Office 
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Policy Priorities8 
 

Since the mid 1950s, the federal government has spent nearly $3 trillion on research and 
development activities (close to $4.5 trillion in inflation-adjusted 2005 dollars).  Decomposition 
of this funding provides considerable insight into the changing focus of R&D priorities and the 
use of R&D to address evolving government concerns.  Undoubtedly the most consistent and 
enduring driver for federal R&D investments has been the need to provide for our national 
security, and the belief that military strength is best grounded in scientific progress.  As 
Vannevar Bush wrote more than 60 years past, “…it has become clear beyond all doubt that 
scientific research is absolutely essential to national security” (p.17).  Between 1955 and 2011, 
R&D activities of the Department of Defense (DOD) plus the atomic energy weapons programs 
of the Department of Energy (DoE, and its predecessor agencies) accounted for 58% (~$2.6 
trillion) of the $4.5 trillion inflation-adjusted total.  Indeed, only twice during the entire post-war 
period (1966 and 1978-79) has the defense share of the federal R&D total dipped below 50%, 
and in both instances other national challenges were in the forefront of funding activities.  
 
Specifically, in the aftermath of WWII, defense-related R&D continued to expand and dominate 
the total federal R&D funding picture.  Prompted by both Korean hot war demands and Soviet 
Cold War concerns, defense-related funding accounted for more than 80% of the total federal 
R&D effort as late as 1960 (Figure 5)9.  At that point, however, R&D priorities shifted markedly 
toward the space program, largely as a response to the launch of Sputnik in 1957 and the Soviet 
Union’s Luna 2 unmanned moon landing in 1959.  Driven by the National Aeronautics and 
Space Administration’s (NASA) goal to put a man on the moon by the end of the 1960s, space 
R&D came to dominate the federal civilian R&D total, peaking at in 1966 (Figure 6), at which 
point space was second (at 33%) only to defense (at 49%) in terms of federal R&D funding.  
After the success of the six Apollo moon landings between 1969 and 1972, however, R&D 
funding for space R&D declined in both relative and absolute terms.  

                                                 
8 Federal support for the nation's R&D spans a range of broad objectives, including defense, health, space, energy, 
natural resources/environment, general science, and various other categories. To assist the president and Congress in 
planning and setting the federal budget and its components, the Office of Management and Budget classifies agency 
budget requests into specific categories called budget functions. 
9 The data used in the previous section to compare R&D activities with the rest of the federal budget are outlays.  
Data used in this section to describe the purpose of the R&D funding are federal obligations through 1977 and 
budget authority from 1978 forward.  Although the overall trends are not substantially impacted by the choice of 
funding metric, the details on precise amounts and funding turning points may be.  For example, outlay data show 
that defense accounted for 79% of the R&D total in 1957 as compared with an 85% share reported from the 
obligation data.  It was not until 1959 that defense R&D reached 84% of total R&D outlays.  The decision on which 
data to use generally reflects a practical choice based simply on whether there exists a detailed and reasonably long 
time series for the topic being discussed.  Definitions for the three federal funding metrics used in this monograph 
follows. 
Budget authority. This refers to the funding authority conferred by federal law to incur financial obligations that 
will result in outlays. The basic forms of budget authority are appropriations, contract authority, and borrowing 
authority. Obligations. Federal obligations represent the dollar amounts for orders placed, contracts and grants 
awarded, services received, and similar transactions during a given period, regardless of when funds were 
appropriated or payment was required. Outlays. Federal outlays represent the dollar amounts for checks issued and 
cash payments made during a given period, regardless of when funds were appropriated or obligated.  In addition, as 
noted previously, federal dollars used in compiling national R&D totals are expenditure data as reported on R&D 
performer surveys. 
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Figure 5. Federal Defense and Nondefense R&D, by Budget Function 
Dollars (billions) 

Source: National Science Foundation/NCSES.  Federal R&D by Budget Function (annual series) 

Figure 6. Federal Budget Authority for Nondefense R&D, by Budget Function 
Dollars (billions) 

Source: National Science Foundation/NCSES.  Federal R&D by Budget Function (annual series) 
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The oil embargoes of 1973 and 1979 fostered a new national challenge for the 1970s, this time 
for energy independence.  Although not nearly as successful as the moon landings that stemmed 
from space R&D investments, this new government priority resulted in an upward spike in 
support for energy R&D.  Most of the growth was for expanded nuclear energy R&D programs 
(accounting for about 40% of the energy R&D total), as well as a seven-fold increase for fossil 
energy R&D, notably extraction technologies and coal conversion to liquid and gaseous fuels 
(synfuels).  Broad expansions in solar, geothermal and conservation R&D programs were also 
initiated, but in total were still dwarfed by the nuclear and fossil fuel R&D efforts.  By 1979, 
energy accounted for 12% of the federal R&D total and the defense share had again dipped to 
49%. 

During the 1970s, defense R&D spending held relatively steady in real terms, and as a share of 
total had hovered around 50-52%.  This situation changed rapidly in the early- and mid-1980s as 
a result of policies designed to rebuild and expand the nation’s military capabilities, which many 
in government felt had deteriorated to unacceptable levels.  Rather than focusing solely on forces 
on the ground, the defense build-up particularly reflected increasing reliance on technological 
superiority and consequently large programmatic R&D support budgeted for the Strategic 
Defense Initiative, more commonly known as Star Wars.  By 1986, the defense share of the 
federal R&D total reached a local peak of 69%.  Three years later the Berlin Wall fell and in late 
1991 communism in the Soviet Union was replaced with more representative governance.  For 
the next decade, support for defense R&D once again declined, whereas R&D in support of 
civilian functions rose considerably (see below).  By 2000, the defense share had dropped back 
to 53%.  It was only after the tragedy of September 11, 2001 and subsequent war on terrorism 
and deployments in the Middle East that defense R&D once again shot up—by more than 50% in 
real terms between 2001 and 2007.  At that point, the defense share again had reached 60% of 
the R&D total.  More recently however, overall fiscal pressures on all parts of the budget have 
depressed funding for defense R&D. 

Health R&D.  As with defense R&D, the government’s long-standing support for health-related 
and medical research can be traced back to the earliest observations in the Bush report.  In 
Science—the Endless Frontier, health concerns alone among the various government objectives 
warranted a specific chapter, in which it was observed that “progress in combating disease 
depends upon an expanding body of new scientific knowledge” (p. 13).  Medical research 
continues to be a funding priority today.  Concurrent with the various federal R&D trends of the 
past decades summarized above, there has been—generally—constant and continual growth in 
federal health R&D in both dollar terms and as a share of the total.  Health accounted for about 
3% of the federal R&D total in the 1950s (10% of the nondefense component), rising steadily to 
12% of all federal R&D in1980 (25% of nondefense R&D) (Figure 6).  In the early 1970s, most 
of the health R&D growth stemmed from the nation’s launch of the war on cancer.  In the 1980s, 
AIDS research was the new catalyst for health-related R&D growth.  Both diseases continue 
today to receive the largest R&D budgetary shares of the National Institutes of Health (NIH), as 
they did in 2000.   

Beginning in 1998 there was a concerted effort to double the NIH budget by 2003.  The task 
generally was accomplished in the timeline first proposed, which resulted in an increase in the 
health R&D share to 24% of total, and for 54% of nondefense R&D.  (Indeed, the doubling effort 
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resulted in health first taking more than half of all nondefense R&D dollars in 2001, a 
circumstance that has been since maintained.)  More recently, the health R&D share of the 
budget total has dipped slightly, to about 21%.  However, this was largely the result of 
expanding defense R&D, and not an actual decline in current-dollar (as versus inflation-
adjusted) health R&D funding.  In 2010, health accounted for 52% of nondefense R&D funding.  
Over the entire period since 1955, health accounted for 15% (~$660 billion in inflation-adjusted 
dollars) of the federal government’s $4.5 trillion R&D funding total.   

Other Government Objectives.  After accounting for national defense and health, the remainder 
of the federal R&D budget is distributed among some 14 or 15 nondefense budget categories.  
Space R&D has received the largest share (~$490 billion 2005 dollars) of the overall funding 
residual.  What this implies is that all other R&D programs in support of a wide variety of 
government objectives have shared in the allocation of the remaining 24% (~$700 billion) of 
federal R&D funding authorized since 1955.  Among the larger recipients at various points in 
time have been R&D programs in support of agriculture, energy (mostly nuclear and fossil 
fuels), natural resources and the environment, transportation (primarily air with smaller amounts 
funded for ground transportation), and general science (Figure 6). Other functional categories to 
which relatively smaller amounts of R&D have been directed include housing, education, 
commerce and regional infrastructure. 

In the recent past, R&D support for most government objectives have at best held level.  Indeed, 
between 2000 and 2010, the only nondefense funding category that has actually seen its share of 
total increase has been “general science and basic research” (Table 2).  Over those ten years, 
inflation-adjusted support in this category grew by 50%.  At least part of this growth may be 
attributed to policy decisions to increase funding for non-medical research as a way for basic 
science to contribute to the nation’s commercial success.  Pronouncements by both present and 
past Administrations have specifically highlighted the critical role that research, especially in the 
computer, engineering and physical sciences, ultimately contribute to technological advancement 
and economic competitiveness.  Such themes are similar to pronouncements made by Bush and 
Steelman some sixty years ago.  Today, this budget category consists primarily of funding for 
NSF and various DoE programs, although over the years other agencies have classified some of 
their programs here as well.10  

10 The title of this budget category—general science and basic research—is a bit of a misnomer in that not all basic 
research is included here, nor is all of general science R&D basic research.  Furthermore, R&D previously classified 
in other budget function categories in past years has subsequently been classified into general science.  Although 
such changes in program classifications may better reflect the purpose of the R&D activity, such reclassifications 
confound analyses of historical funding trends. 
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Table 2.   Federal R&D Budget Authority, by Budget Function 
 

Budget function   1980 2000 2010 

 
Current $millions 

Total R&D 29,739 78,664 148,962 

    National defense 14,946 42,580 86,789 
Health 3,694 17,869 31,693 
General science and basic research 1,233 4,977 10,776 
Space research and technology 2,738 5,363 8,232 
Natural resources and environment 999 1,999 2,570 
Energy 3,603 996 2,430 
Transportation 887 1,636 2,206 
Agriculture 585 1,426 1,517 
Veterans benefits and services 126 645 1,034 
Commerce and housing credit 101 406 668 
Education, training, employment, 

     and social services 468 418 581 
International affairs 125 200 194 
Income security 47 25 109 
Administration of justice 45 73 77 
Community and regional development 119 46 51 
Medicare 0 0 36 

      Constant 2005 $millions 
Total R&D 63,180 88,496 131,748 
        

 
Percent of R&D totals 

National defense 50.3 54.1 58.3 
Health 12.4 22.7 21.3 
General science and basic research 4.1 6.3 7.2 
Space research and technology 9.2 6.8 5.5 
Natural resources and environment 3.4 2.5 1.7 
Energy 12.1 1.3 1.6 
Transportation 3.0 2.1 1.5 
Agriculture 2.0 1.8 1.0 
Veterans benefits and services 0.4 0.8 0.7 
Commerce and housing credit 0.3 0.5 0.4 
Education, training, employment, 

     and social services 1.6 0.5 0.4 
International affairs 0.4 0.3 0.1 
Income security 0.2 0.0 0.1 
Administration of justice 0.2 0.1 0.1 
Community and regional development 0.4 0.1 0.0 
Medicare 0.0 0.0 0.0 

 
Note: In 1998 part of energy R&D was classified into general science R&D. 
 
Source: National Science Foundation/NCSES. Federal R&D by Budget Function (annual series) 
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Budgetary Process Redux 

The above discussion, admittedly, is somewhat misleading.  Although federal support for R&D 
is allocated annually through the budget process, there is no federal R&D budget per se.  
Funding for R&D priorities, similar to the federal budget as a whole, is never enacted as a single 
piece of legislation.  Rather, in keeping with the decentralized character of the U.S. government 
generally, budget decisions on individual parts of the federal R&D portfolio are made through 
dozens of pieces of legislation each year largely independent of one another with few 
opportunities for coordination or system-wide priority-setting.  Indeed, in recent times, federal 
R&D decisions are potentially and separately debated in 11 of the 12 appropriation bills 
considered by Congress (AAAS, 2011, p.19).   

Further, where there are opportunities for programmatic trade-offs in the budget-setting process, 
they are not usually among the merits of competing science and technology activities.  Rather, 
the budget allocation system is such that R&D programs and non-R&D programs alike are 
judged against their potential contributions toward agencies’ missions.  Indeed, relatively few 
agencies or departments have specific R&D budgetary line items (although some of the largest 
do such, including DOD).  Because agency budgets are written independently of one another, 
budgets for R&D programs are also considered independently from one another (except for some 
coordination in planning multi-agency cross-cutting initiatives).  Further undermining the 
likelihood of coordinated R&D funding decisions is the general absence—during the budget 
proposal period—of systematically elicited input on the most promising scientific prospects and 
research opportunities from the industry and university performers who actually perform much 
of the federal R&D work.  Consequently, the determination of R&D priorities and the allocation 
of scare R&D dollars is a rather messy business.  But to those who perhaps yearn for a more 
scientific process in determining science policy, the cautionary words of Dr. Albert Teich are as 
relevant today as they were when they first appeared in Science some twenty years ago:   

“Advocates of systematic priority setting and those who may be called on to advise in 
the process need to recognize that any such rational analysis is just one element of the 
picture.  Such analysis may influence the process, but it does not determine priorities.  
Other factors and other voices will and should be heard.  Political criteria are not a 
contaminant in the allocation of public resources for research; they are absolutely 
essential to the democratic process and to the long-run effective functioning of the 
system” (Teich, 1990). 

Spending Patterns 

So how are federal R&D dollars expended after initial agency budget allocations are determined? 
Both Bush and Steelman emphasized the importance of engaging industrial firms and university 
researchers in the pursuit of scientific knowledge.  For industry, a professional partnership 
between the military and civilian scientists was envisioned; commercial incentives would 
provide the impetus for industry’s self pursuit of market-related related R&D.  It was also 
strongly assumed that Government laboratories would continue to conduct research of an applied 
nature to further their mission-related goals.  Both sectors, however, would benefit greatly from 
the basic research conducted within the nation’s universities and research institutions, and thus 
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the Steelman Report specifically recommended that such federal support be provided at a 
progressively increasing rate. 
 
Over the years, one or two federal funding agencies have come to provide the bulk of the support 
to each of the different types of R&D performers.  For example, total federal R&D obligations to 
FFRDCs are dominated by funding from DoE and DOD.  (The two largest agency sources of 
funds to each of the individual sectors are boxed in Table 3.11)  The largest share of R&D funds 
for academic and other nonprofit performers originate in the Department of Health and Human 
Services (HHS) and NSF, and R&D support to industry predominantly comes from DOD and 
NASA.  Nor have these circumstances changed much over the years.  With few exceptions, the 
same agencies provided the largest sector-specific R&D funding shares in 2009 as they did in 
1980. 
 
Support to Industry.  As previously noted, most of the R&D funds provided by the federal 
government are not used in federal labs.  Rather, approximately 30 agencies individually provide 
R&D funding to thousands of organizations in both the private and public sector through 
contracts, grants, and other formal arrangements.  The industrial sector historically has been the 
far largest recipient of federal R&D dollars, received most commonly to undertake work needed 
by mission agencies such as the DOD, NASA and DoE.  During the past 50 years, industry 
annually has received more R&D money than has any of the other performing sectors; during 
several periods of particularly strong defense-related growth, firms were funded at levels 
practically equivalent to that provided all other sectors combined.  Indeed, the multiple bulges in 
federally financed industrial R&D exhibited in Figure 7 specifically reflect (i) the military 
buildups stemming from the Vietnam hot and cold war priorities of the 1960s; (ii) the Star Wars 
spending spree in the 1980s that took place prior to the demise of the Soviet Union in December 
1991; and (iii) substantial R&D investments in technologies and systems to address local theatre 
and non-traditional terrorist threats stemming from the events of September 11, 2001.  Not 
surprisingly then, given these military catalysts for funding, firms located in the aerospace and 
computer-dominated professional and technical services industry have received the dominant 
share of these federal dollars for decades.  In recent years such firms have received 75-80% of all 
federal R&D provided to all industry (Wolfe, 2012).  And approximately 90% of total federal 
R&D dollars flowing to the business sector came from defense agencies in 2010 (Table 3).   
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
11 Data in this section are generally government-reported obligation data. 
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Table 3. Federal Obligations for R&D, by Selected Agency and Performer 
(Millions of current dollars) 

Department or Agency 
All federal 

obligations 
Federal 

intramural 
All 

FFRDCs Industry 
Universities 

& colleges 
Other 

nonprofits 

       Total R&D obligations (2009) 136,997 31,247 11,708 53,677 32,170 7,202 
Department of Agriculture 2,347 1,577 0 17 715 24 
Department of Commerce 1,533 1,178 3 66 261 24 
Department of Defense 68,230 17,351 1,344 46,345 2,426 502 
Department of Education 322 16 0 21 217 68 
Department of Energy 11,562 983 7,871 1,181 1,343 166 
Department of Health and Human Services 35,736 6,630 917 1,912 20,514 5,290 
Department of Homeland Security 984 400 197 239 89 55 
Department of the Interior 739 603 0 48 71 3 
Department of Transportation 846 227 54 333 63 41 
Department of Veterans Affairs 510 510 0 0 0 0 
Environmental Protection Agency 553 414 0 68 53 16 
National Aeronautics and Space  Administration 5,937 916 1,042 3,051 730 190 
National Science Foundation 6,925 68 236 280 5,605 700 
All other agencies 772 375 45 117 85 125 

                     
Total R&D obligations (1980) 31,680 7,929 3,441 14,422 4,277 1,134 

Department of Agriculture 688 457 0 6 216 0 
Department of Commerce 343 226 1 34 48 13 
Department of Defense 13,981 3,797 496 9,022 495 114 
Department of Education 139 4 0 13 74 42 
Department of Energy 4,754 474 2,523 1,377 285 59 
Department of Health and Human Services 3,780 820 45 181 2,076 548 
Department of Homeland Security na na na na na na 
Department of the Interior 411 242 0 74 42 4 
Department of Transportation 361 114 4 162 28 16 
Department of Veterans Affairs 133 131 0 0 2 0 
Environmental Protection Agency 345 145 0 90 41 36 
National Aeronautics and Space Administration 5,084 1,262 156 3,377 171 77 
National Science Foundation 882 75 61 16 685 42 
All other agencies 779 182 155 70 114 183 

 
FFRDC = federally funded research and development center 
 
Note: Details do not sum to totals because other performing sectors (e.g., state and local 
governments) are not listed here. Intramural includes costs associated with administration of 
intramural and extramural programs by federal personnel and actual intramural performance. 
Boxed entries for each sector represents the two federal agencies or departments that provided 
the largest amount of R&D to each sector. 
 
Source: National Science Foundation, NCSES.  Federal Funds for Research and Development 
(annual series) 
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Figure 7. Federal R&D Obligations to Performing Sector 
(Billions 2005$) 
 

 
 
Source: National Science Foundation/NCSES. Federal Funds for Research and Development 
(annual series). 
 
The U.S. government has provided various instruments in addition to direct financial R&D 
support to indirectly stimulate corporate research spending. Proponents of such measures note 
that, especially as direct federal discretionary spending for R&D is squeezed, incentives should 
be used to invigorate U.S. investment in private-sector innovation:  Such investments will help 
maintain or recapture U.S. global leadership in high technology.  In Science—The Endless 
Frontier, Bush similarly recommended that the tax code be amended to allow for the deduction 
“of all expenditures on scientific research and the development of new products and processes” 
(p.111).  Since 1981, the tax code has allowed tax credits for incremental research and 
experimentation (R&E) expenditures.  According to IRS data, in 2008, more than 12,700 
corporate returns claimed at least part of the credit, totaling about $8.3 billion in business R&E 
tax credit claims.  Five industries accounted for 75% of these claims: computer and electronic 
products; chemicals, including pharmaceuticals; transportation equipment; information, 
including software; and professional, scientific, and technical services (Table 4).  Since 1998, 
R&E credit claims have grown at about the same annual rate as has company-funded R&D 
(NSB, 2012, p. 4-36).  The $8.3 billion in R&E tax credit claims is equivalent to about 15% of 
total federal R&D obligated to industry in 2008 ($56 billion in current dollars).12 
                                                 
12 By comparison, tax claims of $5.2 billion 1998 was equivalent to 16% of federal R&D obligations.  Data do not 
exist for all years since the credit was enacted in 1981, but one of the earliest tabulations indicates that businesses 
claimed $1.547 billion of R&E credits in 1990.  That amount is equivalent to 5% of federal R&D obligations to 
industry in that year.  (See NSB 2004, p.4-36.) 
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Table 4. Federal Research and Experimentation Tax Credit Claims, by Selected Industry 
 

(Millions of current dollars)    

Industry NAICS code 1998 2008 
All industries  5,208 8,303 

Manufacturing 31–33 3,395 5,758 
Petroleum and coal products 324 20 100 
Chemicals 325 861 1,489 

Pharmaceuticals and medicines 3254 628 1,200 

Other chemicals 325 excld 
3254 133 289 

Machinery 333 179 340 
Computer and electronic products 334 1,145 1,812 
Electrical equipment, appliances, and components 335 119 218 
Transportation equipment 336 748 1,181 

Motor vehicles, trailers, and parts 3361–63 613 494 
Aerospace products and parts 3364 108 660 
Medical equipment and supplies 3391 131 242 

Nonmanufacturing na 1,813 2,545 
Wholesale trade and retail trade 42, 44, 45 140 430 
Information 51 1,020 944 
Finance, insurance, and real estate 52, 53 94 150 
Professional, scientific, and technical services 54 420 788 

 
NAICS=North American Industry Classification 
 
Notes: Details do not sum to totals because all industries are not listed here. 
 
Source: Internal Revenue Service, Statistics of Income, special tabulations, as cited in NCB 
(2012) 
 
Support for Federal Laboratories.  Federal intramural laboratories are the second largest type of 
performer using federal R&D funds.  Historically, such expenditures included most notably 
activities at DOD, NASA, Energy, and Agricultural Research Service labs.  More recently, the 
intramural R&D obligations have increased considerably at the Departments of Commerce 
(including specifically its National Institute of Standards and Technology and National Oceanic 
and Atmospheric Administration) and HHS (primarily the intramural activities of its National 
Institutes of Health, which includes the costs of administering extramural research programs).  
Concurrently, the NASA share of the intramural total has dropped considerably (Table 3).  
Adding in the work at FFRDCs increases the federal sector’s share of total by about 30% (in 
2010).  FFRDCs are organizations that perform R&D exclusively or substantially financed by the 
federal government in order to meet a particular R&D objective of the funding mission agency.  
FFRDCs are often government owned but administered and operated by an industrial firm, 
university, university consortia or another nonprofit institution under contract.  The earliest 
predecessor labs of the FFRDCs were the atomic weapons labs established during World War II. 
 
Support to the Academic Sector.  Since early in the post-war period, and continuing through to 
the present, federal funding of basic fundamental research and of university performed research 
in particular, has generally been a bipartisan constant in federal policies and priorities.  Since at 
least the 1950s federal agencies have provided 60% or more of the total R&D funds used by 
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university researchers.  Although the available data are somewhat spotty, it would appear that 
initially much of the federal academic research support was provided by the Public Health 
Service and to a lesser extent DOD, USDA, and the Atomic Energy Commission (one of several 
predecessor agencies to the Department of Energy) (Bureau of the Census, undated; Rowberg, 
1998). Towards the end of the 1950s, the importance of NSF funding of university research 
increased substantially.  For about ten years, overall federal R&D funding to universities 
increased annually by 20% or more (in inflation-adjusted terms).  Indeed this era of 
uninterrupted double-digit university research growth has been euphemistically referred to as the 
Golden Age of academic funding (Greenberg, 2001, p.60).  At its peak in 1967 federal dollars 
provided 73% of all R&D funds used by universities and colleges.  Such growth slowed 
considerably in the late 1960s, entering a period of constant-dollar stagnation (Figure 7). 
 
Since the mid-seventies, there have been several additional episodes of rather rapid federal 
academic R&D growth, as well as occasional instances when federal R&D (primarily research) 
increases to universities did not keep up with inflation. But overall, as the NIH share of the 
nondefense R&D budget rose throughout the 1980s forward (a trend mirrored from the previous 
discussion on health R&D trends), so did the share of federal R&D that was obligated to the 
academic sector.  As a result, in 2005, federal agencies obligated more than $25 billion to this 
universities and colleges.  For the next 3 years, with budgetary pressures increasing, current-
dollar growth to the sector was flat, and falling in inflation-adjusted terms.  In 2009, a one-time 
jump in R&D funding provided by the American Recovery and Reinvestment Act (ARRA) 
resulted in the university sector becoming (at least temporarily) the second largest recipient of 
federal R&D funding (Figure 7)13. 
 
Basic Research and Research Fields.  Both Bush and Steelman singled out basic research as a 
principal arena for concerted federal action.14  In highlighting its importance, Bush noted how 
general knowledge that results from basic research “provides the means of answering a large 
number of important practical problems…” and that “a nation which depends upon others for its 
new basic scientific knowledge will be slow in its industrial progress and weak in its competitive 
position” (Bush, pp 18-19). While acknowledging that basic research is by necessity undertaken 
and funded by all sectors of the economy, Bush highlighted Government’s special role in 
supporting such activities because of the ‘public goods’ characteristic of basic research.  
“Governments dedicated to the public welfare, therefore, have a responsibility for encouraging 
and supporting the production of new knowledge on the broadest possible basis” (p.82).  He 
further suggested that the nation’s colleges and universities were best positioned to undertake the 
basic research that would benefit all society, and that such activities should embrace all fields of 
science and inquiry. 
 

                                                 
13Overall, ARRA provided about $18 billion in R&D stimulus funds, much of which agencies directed towards 
university researchers. 
14 The objective of basic research is to gain comprehensive knowledge or understanding of a subject under study, 
without specific applications in mind. In industry, basic research is defined as research that advances scientific 
knowledge but does not have specific immediate commercial objectives, although it may be in fields of present or 
potential commercial interest. Applied research is aimed at gaining the knowledge or understanding to meet a 
specific, recognized need. Development is the systematic use of the knowledge or understanding gained from 
research directed toward the production of useful materials, devices, systems, or methods, including the design and 
development of prototypes and processes. 
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Figure 8 concisely details the historical distribution of Government’s support for basic research, 
applied research and development activities.15  Support for all three forms of R&D has increased 
considerably since the early 1950s, although development activities annually have received the 
lion’s share of the R&D totals.  Support for “development” is directly related to the 
Government’s historical support for defense R&D, summarized earlier. Historically, about 90% 
of defense R&D funding has been for development.   
 
Concurrently, and over the past 60 years, federal obligations for research and particularly basic 
research has trended upwards—during both periods of major defense build-ups and of military 
contraction.   Accounting for just 6% of federal R&D in 1955, the basic research share first 
surpassed 15% of total in 1980, at which time applied research and development accounted for 
23% and 61%, respectively, of the R&D total.16  Basic research funding continued to expand 
more rapidly than did funding for applied research and development so that by 1993 and 
forward, basic and applied research obligations were roughly equal, each accounting for 20% of 
total; development’s share was 60%.  Since then, basic research and applied research obligations 
have generally moved in tandem: In 2010, they each accounted for a 24-percent share of total 
federal R&D obligations. 
 
Most (75% in 2009) of the R&D conducted at universities and colleges is basic research and 
most (53%) of the nation’s basic research (including that performed by universities and all other 
types of institutions) is financed by federal agencies.  In total, federal agencies historically have 
provided most of the funds used by universities for R&D activities:  In 2009 58% ($32 billion) of 
the academic sector’s total R&D ($54 billion) expenditures derived from federal sources.  This 
amount included mostly funds for basic research and applied research, but also small amounts 
spent on development projects (NSB, 2012, p.4-14).17   
 
 
 
 
 
 
 
 
 
 
                                                 
15 Over the years there have been recurring debates as to the continuing utility of this “linear model” way of looking 
at R&D activities, with most criticisms focusing on the simplistic assumptions implied by the taxonomy.  It is 
rightly argued that innovation does not necessarily occur in a straight-line progression from the scientific 
breakthroughs of basic research that then leads to applied research, which in turn leads to the development or 
application of applied research to commercial products and processes.  While other models have been developed that 
may provide a more realistic depiction of the complexity of the innovation process (see for example, Stokes, 1997), 
they have proven to be too complicated to be used in collecting comparable and reliable data for policymaking 
purposes.  So despite valid complaints and concerns, the basic-applied-development paradigm continues to be the 
basis for primary data compiled and presented in Federal R&D budget reports.  
16 And again one notes that—perhaps coincidentally—1980 is also the year that Dr. Albert Teich joined AAAS as an 
R&D budget analyst. 
17 The data in this paragraph—only—are derived from performer R&D surveys.  The remaining data on federal 
obligations come from surveys of the Federal agency funders. 
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Figure 8. Federal R&D Obligations by Character of Work 
(Billions 2005$) 
 

 
(Percent of R&D total) 
 

 
 
Source: NSF/NCSES. Federal Funds for Research and Development (annual series) 
 
Although many federal agencies support R&D activities on our nation’s campuses, just three 
agencies are responsible for most of these federal obligations (approximately 87% in 2010).  
NIH accounted for 66% of all federal academic R&D financing; NSF for 12%; and the DOD for 
8%.  Next in terms of their share of federal R&D support to universities were, in 2010, DoE and 
the US Department of Agriculture (USDA), at 4% and 3% of total, respectively.  There are 
notable differences in the type of R&D and the research fields supported by the various agencies: 
NIH and NSF fund mostly/solely research at universities, while DOD places greater emphasis on 
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development funding.  NIH funds mostly biomedical sciences and psychology, whereas DOD 
reports its largest shares of academic research as engineering and physical sciences.  DoE 
provides the largest share of the Government’s total support for university-based physical 
sciences research, and USDA provides nearly all of the funding for agricultural sciences.  Unlike 
most other agencies that provide substantial research funding to universities, NSF funds basic 
research in all science and engineering fields simply for the sake of creating new knowledge, 
rather than funding particular fields that might best contribute to fulfilling a specific agency 
mission need.  Hence, NSF’s research portfolio is broadly distributed among all of the major 
fields (excepting psychology).  These agency-specific field patterns go a long way in explaining 
academic research funding trends. 
 
Largely as a result of the previously summarized policies and priorities for health R&D, and the 
primary role held by NIH in fostering such activities, support for the life sciences (primarily 
biological and medical sciences, and excluding agricultural sciences) dominate overall federal 
research support to universities (Figure 9).  Life sciences annually accounted for 53-58% of all 
federal academic research (basic research plus applied research) obligations between 1975 and 
1996.18  Concurrent with the NIH R&D budget doubling between 1998 and 2003, the life science 
share rose to 67% of total.  Since then, the life sciences’ share has fluctuated annually between 
63 and 67 percent. 
 
The distribution of federal academic research support for the remaining fields is more balanced 
than is the distribution of life sciences versus other sciences; however, greater support (in terms 
of total dollars) for particular fields over others is easily observable.19  For example, in 1990 the 
physical sciences (which includes astronomy, chemistry and physics) and engineering accounted 
for the largest shares of total, 30% and 21%, respectively (again, net of the life sciences totals).  
Yet disparate growth in the two fields during the past 20 years resulted in a near reversal of 
funding shares:  In 2010, engineering accounted for a 27% and the physical science for 19% of 
total.  Over this same time period, shares for environmental, social, and agricultural sciences 
have declined (and now account for 10%, 5%, and 2%, respectively, of total).  The funding share 
for math and computer sciences was slightly higher in 2010 (13%) than in 1990 (12%), and that 
for psychology substantially higher (rising from 7% in 1990 to 13% in 2010).  Irrespective of 
their funding shares, inflation-adjusted federal research support in 2010 was lower than was such 
support in 2000 for the agricultural, environmental, and physical sciences (Figure 10). 
 
 
                                                 
18 Consistently compiled data on research funding to universities by major field of science and engineering date back 
to 1973.  There are earlier data on total Federal research support by field, but not to universities alone.  Further, the 
obligation data presented here cover only USDA, DOD, DoE, HHS, Homeland Security, NASA and NSF.  
However, these seven agencies annually represent 95-98% of total federal research obligations to universities and 
colleges.  
19 In addition to life sciences, data are annually collected for 7 other broad fields: environmental sciences, physical 
sciences, mathematics & computer sciences, social sciences, psychology, engineering and an “all other fields, not 
elsewhere classified”.  Although funding for the “all other” catch-all category is included in the totals for Figure 9, 
they are not explicitly graphed in Figure 10.  Rather, one of the life sciences subfields, agricultural sciences, is 
explicitly detailed with the remaining 6 broad fields. 
For tracking purposes, the fields listed here have held up rather well, and adequately describe the broad scientific 
focus of the research performed.  However, the current taxonomy does fail to identify emerging fields, and the 
known growth in multidisciplinary and interdisciplinary fields is not captured by these data. 
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Figure 9. Federal Research Obligations to Universities 
(Billions 2005$) 
 

 
 
Note: Life sciences exclude agricultural sciences. 
 
Source: National Science Foundation/NCSES.  Federal Funds for Research and Development 
(annual series) 
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Figure 10. Federal Research Obligations to Universities, by Fields (excluding life sciences) 
(Billions 2005$) 
 

 
 
Source: National Science Foundation/NCSES.  Federal Funds for Research and Development 
(annual series) 
 
Summary Thoughts on Sixty Years of Federal R&D Funding 

 
It was perhaps a bit naïve and rather simplistic to assume that sixty years of federal R&D 
activities can be summarized in a short monograph.  By design, complexities and nuances were 
intentionally ignored, and only the broadest of findings warranted specific mention and coverage.  
The task hinged upon the use of Vannevar Bush’s seminal report, Science—The Endless 
Frontier, as well as John Steelman’s Science and Public Policy, to provide the framework for 
this undertaking, and on a treasure trove of R&D funding statistics that allows one to somewhat 
rigorously map the historical record.  What has been attempted here is to quantitatively 
document the most enduring themes and perennial priorities in post-war science policy that, in 
turn, can be traced back to a few key ideas and recommendation included in those two reports.   
 
From the end of World War II to the present day, the federal government has continually 
provided extensive direct funding support for scientific and technological advancements.  This 
has been the circumstance both in periods of growth and in times of fiscal austerity.  In many 
instances, the purpose of such funding was to advance specific agency mission goals that 
traditionally were the responsibility of government.  R&D funding for defense purposes remain 
paramount among such goals.  However, as national and international circumstances evolved, 
priorities shifted somewhat with the result that other national goals commanded a larger share of 
the federal R&D effort.  Most notable among nondefense priorities have been health-related 
activities, whose support origins also date back to Bush and Steelman.  More recently, there has 
been growing interest in funneling research dollars into areas that ultimately might contribute to 
the nation’s ability to compete internationally.   
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The perceived importance of supporting fundamental university-based research is documented in 
the earliest pronouncements on the appropriate federal role for science policy.  Recognized as the 
bedrock foundation underpinning technological growth and societal well-being, university 
research funding has grown rather steadily during the past sixty years.  Over the entire period, 
support for most research fields have expanded, but of late some fields have fared perceptively 
better than others.  Federal funds for basic research—performed in academia and other sectors—
have increased almost uninterruptedly during the post-war period, and now account for the 
largest share of the R&D total since such data records were first maintained.  Conversely, federal 
funding for applied research and development, and to industrial performers in particular, have 
tended to support defense-related activities, as well as the grand challenges that have arisen at 
various points in time.  In short, federal R&D support has been broad-based and continuing, 
benefiting each of the R&D-performing sectors, and used to successfully address a multitude of 
governmental priorities and national challenges. 
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From Apollo To ???: An Uncertain Future in Space 

John M. Logsdon 

At 12:33 a.m. on the morning of December 7, 1972, the Florida sky lit up more brightly than 
daylight, the ground shook beneath our feet, and we could feel in our bodies the waves of sound 
as Al Teich and I watched the launch of the last Apollo mission to the Moon, Apollo 17.  As we 
looked on in wonder, a gigantic Saturn V rocket slowly lifted off launch pad 39A at the Kennedy 
Space Center, carrying Gene Cernan, Ron Evans, and Dr. Harrison “Jack” Schmitt on their three-
day voyage to the lunar surface. Al, already an inveterate photographer, snapped a series of 
images that he is quick even today to show to anyone expressing interest, while I added shouts of 
“go, go” to the cheers of thousands of others at the NASA press site. 

I had met Al in 1971; we shared an academic focus on issues of science and technology policy, 
and soon became good friends as well as professional colleagues. The MIT Press had in 1970 
published my Ph.D. dissertation as The Decision to Go to the Moon: Project Apollo and the 
National Interest. That study had started me on what turned out to be a career-long focus on 
issues of space policy and history. It also gave me access to the top levels of the National 
Aeronautics and Space Administration (NASA), and thus the ability to receive launch 
invitations. I wanted to share with Al one of the side benefits of my space focus – in the space 
sector, unlike most other areas of research and development, very visible things happen, 
particularly as humans are launched into orbit and beyond. One could not only study space 
issues; it was also possible to share, even if only as an informed observer, in the excitement of a 
space event. I had been fortunate to witness the launches of the first lunar landing mission, 
Apollo 11, and also Apollo 14. I knew that Al would find the experience of witnessing a launch 
memorable. 

We were quite aware that Apollo 17 was to be the last lunar landing mission of the Apollo 
program; that decision had been made two years earlier, with the cancelation of two additional 
planned missions. (We did not know, however, that the Nixon administration had come close in 
1971 to cancelling two additional trips to the Moon, Apollo 17 and Apollo 16, as a cost-saving 
measure.) By defining Project Apollo as a race to beat the Soviet Union to the Moon, President 
Kennedy had provided the political rationale that made the massive effort possible, but not a 
reason to keep going to the Moon or other distant destinations once the race was won (Logsdon, 
2010). The near-loss of the Apollo 13 crew reminded the NASA leaders just how risky were the 
lunar landing missions, and they did not strongly protest the 1970 White House decision in the 
wake of Apollo 13 to cancel two of the remaining six missions. So the final launch was an 
appropriate occasion to reflect on the remarkable achievement that was Apollo. Far from our 
minds was what lay ahead for the United States in space. 

Fast Forward Forty Years 

What Al and I could not have imagined as flames from the five powerful engines of Saturn faded 
in the distance was that we had just witnessed the start of the final human journey  away from the 
immediate vicinity of the home planet for at least a half century. But that indeed has turned out 
to be the case. In the United States since 1972, there have been several false starts on programs 
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to carry humans back to the Moon as a step on the way to landings on Mars. But to date none 
have gotten very far along the path to realization. As this is written, NASA is currently in the 
very early stages of yet another attempt to send people into deep space. President Barack Obama 
has set a mission to a near-Earth asteroid by 2025 as a U.S. goal, but the value of focusing on 
that destination remains controversial. Other countries have not taken up the baton of space 
exploration. Thus all human space flights since Apollo 17 have taken place in low Earth orbit, 
only a few hundred miles above the Earth’s surface.  The six Apollo missions that landed on the 
Moon remain remarkable human achievements, but so far they have not been the beginning of 
humanity’s movement away from its ancestral home. 

What the United States has accomplished over the forty years since Apollo 17, instead of 
continued deep space exploration, have been four 1973 launches of surplus Apollo equipment as 
part of the early Skylab space station effort, a one-off 1975 rendezvous between an Apollo 
spacecraft and a Soviet Soyuz vehicle as a very visible  symbol of U.S.-Soviet détente, and 135 
launches to near-Earth orbit of the Space Shuttle, 37 of them dedicated to the assembly and 
outfitting of an orbital laboratory, the International Space Station (ISS). The Shuttle has been a 
remarkable technological achievement and has enabled a wide variety of space accomplishments, 
but the focus on its expensive development and even more expensive operation has meant, given 
NASA’s budget realities, that there have been no funds available for missions of human 
exploration. It is only with the 2011 retirement of the Space Shuttle that a serious start on such 
missions may take place, and it remains uncertain whether the current plans to develop the 
capabilities needed for deep space exploration will be affordable and sustainable.  

It is not possible to understand this current state of U.S. civilian space policy without first 
understanding how the Shuttle and its joined-at-the-hip sibling, the ISS, became the centerpieces 
of country’s space efforts for the last four decades. True, there have been great scientific payoffs 
from NASA’s robotic space and Earth science missions, but only on rare occasions have they 
garnered significant public and political attention. Human space flight has commanded the lion’s 
share of the NASA budget, and it is issues of human spaceflight that most concern the White 
House and Congress. Thus what the United States has done, and will do in the future, with 
respect to human spaceflight remains the central issue of civilian space policy. 

Where Do You Go, Once You Have Been to the Moon? 

Although Al and I could not know it at the time, by the time of the Apollo 17 launch the 
decisions that would set the course of the U.S. space program for the next forty years had already 
been made. On January 5, 1972, President Richard Nixon had announced his approval of Space 
Shuttle development. The Shuttle design that Nixon approved was sized, among other factors, to 
be able to launch components of a space station, and to advocates of human space flight, station 
development would be “the next logical step” once the Shuttle began flying. 

Shuttle approval came only after a tumultuous three-year process of deciding what the United 
States would do in space after Apollo (Logsdon, 1986). Prior to 1969, NASA had given almost 
all of its attention to meeting JFK’s “before this decade is out” goal for the first lunar landing, 
and neither President Lyndon B. Johnson nor Congress had defined the country’s post-Apollo 
space goals. Soon after coming to the White House in January 1969, President Nixon had asked 
for recommendations on what those goals should be.  They came in the form of a September 
1969 report prepared by a top-level government panel called the Space Task Group, chaired by 
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Vice President Spiro T. Agnew. That report (Logsdon et al., 1995) called for setting a human 
mission to Mars before the end of the century as a  ”long-range option or goal.” This was 
actually a watered-down statement, insisted upon by the president’s political advisors, of the 
substance of the Group’s findings, which contemplated an initial human mission to Mars in the 
1980s. As steps towards the capability for deep-space exploration, the report recommended that 
the United States first develop during the 1970s a twelve-person space station launched by the 
Saturn V moon rocket and serviced by a new, low-cost transportation system. NASA hoped to 
get early presidential approval for the space station program and the Space Shuttle, the name 
given to the low-cost transportation system because of its role in carrying crew and supplies to 
and from the space station.   

Richard Nixon was not at all interested in investing in the kind of space program outlined in the 
Space Task Group report. His goal was to reduce the NASA budget to the minimum amount 
needed to maintain a modest human spaceflight program. Nixon did not want to be the president 
who ended U.S. astronaut flights, but he also did not want to spend much money on space. He 
made his views clear in a little-remembered March 7, 1970, statement that set out the guidelines 
that have governed U.S. space policy for the past four decades. 

We must realize that space activities will be a part of our lives for the rest of time. 
We must think of them as part of a continuing process--one which will go on day 
in and day out, year in and year out-and not as a series of separate leaps, each 
requiring a massive concentration of energy and will and accomplished on a crash 
timetable. Our space program should not be planned in a rigid manner, decade by 
decade, but on a continuing flexible basis, one which takes into account our 
changing needs and our expanding knowledge. 

We must also realize that space expenditures must take their proper place within a 
rigorous system of national priorities. What we do in space from here on in must 
become a normal and regular part of our national life and must therefore be 
planned in conjunction with all of the other undertakings which are also important 
to us (Nixon, 1970). 

Of  lasting importance was Nixon’s declaration that space expenditures had to be determined 
“within a rigorous system of national priorities.” This has been the approach taken since to 
decide what share of the Federal budget would go to NASA. The result has been striking in its 
consistency; since the mid-1970s, the NASA budget has constituted between 0.5 per cent and 1.0 
per cent of overall government spending, compared to the 4.5 per cent of the budget NASA 
commanded at the peak of the Apollo program. This reduction in spending priority has not been 
accompanied by a similar downward adjustment in either ambitions or the NASA institutional 
base; as a result, NASA over the past forty years has been an agency struggling to do too much 
with too little. This is still the case. 
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Figure 1. The NASA Budget as a Share of Government Spending 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Consistent with the president’s policy statement, NASA found in 1970 that it could not get 
approval for simultaneous development of a space station and a space shuttle. Forced to choose 
one of the two programs for initial development, NASA selected a shuttle, since there were other 
reasons for its approval than its connection to the space station, and it made little sense to have a 
long-duration space station without the transportation system to support it. Even so, as NASA 
developed its argument that a shuttle could be a routine, economical means for launching almost 
all U.S. government payloads, the space agency made sure that any design that might be 
approved offered the capability in the future to launch pieces of a station that could then be 
assembled in orbit. It was clear that NASA would at some point in the future seek approval for 
station development; it is in this sense that the two programs were from their inception so 
intimately connected. 

After a chaotic decision process (Logsdon, 1986) the White House approved Space Shuttle 
development over the 1971-1972 New Year’s weekend. With that approval, the question of 
which goals might guide future U.S. space efforts was neatly side-stepped. The Shuttle would be 
a means for carrying out whatever missions the United States might choose to pursue in the 
1980s and beyond, as long as those missions did not require human travel beyond orbits where 
the Shuttle could operate – up to approximately 300 nautical miles above the Earth. The answer 
to the question “Where do you go, once you have been to the Moon?” was “not very far.” 
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The Space Shuttle: A Magnificent Failure? 

When Shuttle development was approved in 1972, the hope was that the first test flight could 
take place as early as 1978. But technical obstacles and inadequate funding caused the schedule 
to slip, and the first Space Shuttle flight was launched on April 12, 1981. In the subsequent thirty 
years, the Shuttle flew 134 more missions, including 3 more test flights and 129 operational 
missions. Of those missions, 37 were dedicated to assembling the International Space Station, 
five to servicing the Hubble Space Telescope, and nine to rendezvous and docking  with the 
Russian space station Mir. Two missions, a January 1986 flight using the Shuttle orbiter 
Challenger and a 2003 Columbia flight, ended in tragic accidents; in each case, the seven 
astronauts aboard the orbiter died. The Shuttle carried a variety of spacecraft into low Earth orbit 
and then launched them to their final destinations; these included communications satellites 
traveling to geosynchronous orbit, observatories peering into the universe from above the 
atmosphere, satellites observing the Earth and its atmosphere, and probes to Jupiter and Venus. 
A wide variety of life science and microgravity experiments were performed on board, many in a 
European-provided pressurized laboratory called Spacelab. The Shuttle launched several 
classified payloads and carried out a few other missions for the national security community. 
Shuttle crews repaired several malfunctioning spacecraft, most notably the Hubble Space 
Telescope, and retrieved and returned to Earth spacecraft that had been launched into the wrong 
orbit. Beginning in 2000, almost all Shuttle launches were dedicated to ISS assembly and 
outfitting; the only exceptions were the ill-fated Columbia mission and two servicing missions to 
Hubble. The Space Shuttle carried 355 different people (306 men and 49 women) into orbit, with 
many astronauts making multiple trips.  

The Space Shuttle program set a precedent with respect to international cooperation in human 
spaceflight. Canada contributed an essential element to the Shuttle, a robotic manipulator arm 
called Canadarm, and Europe provided both a pressurized laboratory called Spacelab and other 
equipment for use in the Shuttle’s payload bay. Of the people who rode the Shuttle into space, 
sixteen came from countries other than the United States. 

There is no doubt that the Space Shuttle was a technological achievement of the first magnitude 
(NASA, 2010). It was one of the most complex machines ever built, with more than 2.5 million 
parts. Its liquid-fueled main engines were the most efficient ever developed. Its solid rocket 
motors were the most powerful ever built. Its complex navigation system managed energy, 
distance, altitude, and speed during all flight phases, making the Shuttle the largest, fastest 
winged hypersonic vehicle ever to fly. Its thermal protection system guarded against extreme 
heat during re-entry.  

That being said, the Space Shuttle may have been too great a technological advance to make in 
one leap. As the 2003 Columbia Accident Investigation Board (CAIB), of which I was a 
member, observed: “The increased complexity of a Shuttle designed to be all things to all people 
created inherently greater risks that if more realistic technical goals had been set at the start.” 
Also, “The greatest compromise NASA made was not so much with any particular element of 
the technical design, but rather with the premise of the vehicle itself. NASA promised it could 
develop a Shuttle that would be launched almost on demand and would fly many missions each 
year. Throughout the history of the program, a gap has persisted between the rhetoric NASA has 
used to market the Space Shuttle and operational reality …” (CAIB, 2003). 
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There indeed was a great gap between the promises made when the Shuttle program was started 
and what actually transpired. As he announced his approval of Shuttle development, President 
Nixon said that the vehicle would “revolutionize transportation into near space, by routinizing 
it.” In reality, the Shuttle remained throughout its lifetime an experimental vehicle, requiring 
intensive and expensive care to operate safely. In 1972, NASA claimed that the cost of each 
Shuttle flight would be $10.5 million ($56.83 million in 2011 dollars). While the actual cost of 
an individual Shuttle flight was almost impossible to calculate, the total shuttle program cost    
$217 billion in 2011 dollars; with 135 flights, that equals $1.6 billion per flight. In 1972, NASA 
was projecting that the Shuttle would fly some 33-55 flights per year; the most missions even 
launched in a single year were nine, in 1985.  

Writing in the aftermath of the Challenger accident in 1986, I called the decision to build the 
U.S. space program of the 1980s and beyond around what was in essence a highly capable space 
truck a “policy mistake” (Logsdon, 1986). That mistake was recognized by the national security 
and commercial space communities after that first shuttle catastrophe. Both were soon launching 
their missions on other vehicles. But NASA persisted in a Shuttle-centered program, even as 
some of its robotic science missions began to use expendable launchers. In reality, the agency 
had little choice. It had, as anticipated, sought and received in 1984 approval to build a space 
station as its major post-Shuttle development program; the Shuttle was the only vehicle capable 
of launching and assembling station elements. Until the space station was either completed or 
canceled, NASA was committed to the Shuttle. Indeed, as Columbia took off on its final mission 
in January 2003, NASA planning called for operating the Space Shuttle to 2020, and perhaps 
beyond.  

The long time frame for Shuttle operations was in part driven by the stretched-out process of 
space station development and assembly. Although President Ronald Reagan had approved 
station development in 1984, by the early 1990s, due to multiple redesigns and weak political 
support resulting in inadequate budgets, no station hardware had been built. When President Bill 
Clinton entered the White House in January 1993, canceling the space station program was an 
early suggestion. Such a step would have been quite difficult; in announcing his approval of the 
station, Reagan had also invited other countries to join with the United States in its construction. 
By 1988, Japan, Canada, and nine European countries working through the European Space 
Agency had agreed to form a station partnership. By 1993, with end of the Cold War and the 
collapse of the Soviet Union, President Clinton chose an alternative to canceling the station – 
bringing Russia into the partnership. Thus was born the International Space Station. Its treaty-
like commitments to ISS partners made the space station very resistant to a U.S. decision to not 
complete it. In the 1994-2010 period, the expense of ISS development and associated Shuttle 
operations became mortgages on the NASA budget that had to be paid off before any expensive 
new space effort could be begun.  

Making Russia a key ISS partner brought new delays to the effort, and it was not until 1998 that 
an initial component of the ISS was launched, and not until November 2000 that the first crew 
members could begin a long-duration stay aboard the ISS. (There has been constant human 
presence aboard the ISS ever since.) At the time of the Columbia accident on February 1, 2003, 
completing ISS assembly was still several years in the future.  
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The Quest for a New Vision 

The vision of humans traveling to distant destinations in space as the appropriate goal for U.S. 
space activity persisted during the thirty years of Shuttle operation (McCurdy, 2011). A 
presidentially-appointed National Commission on Space in 1986 proposed as the mission for 
NASA “to lead the exploration and development of the space frontier, advancing science, 
technology, and enterprise, and building institutions and systems that make accessible vast new 
resources and support human settlements beyond Earth orbit, from the highlands of the Moon to 
the plains of Mars” (National Commission on Space, 1986). 

 In 1989, on the twentieth anniversary of the first lunar landing, President George H. W. Bush 
proposed a Space Exploration Initiative focused on returning to the Moon, “back to stay,” and 
then “a journey into tomorrow, a journey to another planet: a manned mission to Mars” (Hogan, 
2007). Neither of these proposals, even though the second was endorsed by the president, took 
hold. To get started on them would have required an increase in the NASA budget, since the 
space agency still had to pay for operating the Space Shuttle and developing a space station, and 
the budget burdens of those two programs made such an increase politically infeasible. In 
addition, NASA itself was skeptical of the wisdom of taking on a third major human spaceflight 
program in addition to the Shuttle and station. 

In the aftermath of the 1986 Challenger accident, the country had focused on getting the Space 
Shuttle back to flight status; there was no re-examination of the basic character of the space 
program that the Shuttle was enabling. Such was not the case after the 2003 Columbia accident. 
The report of the Columbia Accident Investigation Board included a chapter titled “Implications 
for the Future of Human Space Flight.” The CAIB noted “the lack, over the past three decades, 
of any national mandate providing NASA a compelling mission requiring human presence in 
space.” Thus, “the U.S. civilian space program has moved forward for more than 30 years 
without a guiding vision.” The Board noted the failure of the several attempts to replace the 
Space Shuttle, calling this “a failure of national leadership” and said that “it is in the nation’s 
interest to replace the Shuttle as soon as possible” (CAIB, 2003; emphasis in original). 

President George W. Bush and his White House staff acknowledged the validity of the CAIB 
observations and recommendations. On January 14, 2004, Bush announced what soon became 
known as the “Vision for Space Exploration” (NASA, 2004).  Its key elements included: 

 Completing the International Space Station
 Safely flying  the Space Shuttle until 2010
 Developing  and flying a Crew Exploration Vehicle to replace the Shuttle no later than

2014  
 Returning  to the Moon no later than 2020
 Extending  human presence across the solar system and beyond

It is important to note that with this announcement, several elements of today’s space situation 
were set. One was that the Space Shuttle would continue to fly only until assembly of the ISS 
was complete; in 2004, this was anticipated to happen in the 2008-2009 period, but delays in 
returning the Shuttle to flight and then a very cautious launch rate slipped “assembly complete,” 
and thus Shuttle retirement, to mid-2011. But a firm presidential decision to end Space Shuttle 
flights had been made. The second element was the conscious acceptance of a time gap between 
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the time the Shuttle stopped flying and when the United States had available its own replacement 
system for carrying crew to the ISS. In 2004, the hope was that this gap could be as short as two 
years and no longer than four years, but the basic principle that the United States for some period 
of time would have to rely on another provider of crew transportation services – and Russia was 
the only possibility – had been acknowledged. The third initiative was setting travel beyond 
Earth orbit, first back to the Moon and then “across the solar system and beyond,” as the guiding 
vision for the U.S. civilian space program.   

Revising the Vision 

These three elements of the 2004 Vision for Space Exploration remain in place in 2012. The 
Space Shuttle was, as planned, retired after a final flight to the space station in July 2011. The 
gap in U.S. capability to transport its astronauts to the ISS using U.S.-developed systems 
remains. And exploration beyond Earth orbit is still the guiding vision for space planning. 
However, much has changed since President Bush set forth the 2004 Vision, and there is great 
uncertainty whether current plans for future space activities are either affordable or sustainable 
(Logsdon, 2011). 

After a slow start on choosing the systems it would develop to achieve the goals of the Vision for 
Space Exploration, NASA in 2005 defined the elements of what quickly became known as the 
Constellation program. As a replacement for the crew-carrying capabilities of the Space Shuttle, 
NASA would develop a booster called Ares-1 to launch to the ISS an initial version of a new 
spacecraft called Orion. The first stage of Ares-1 would employ a solid rocket motor based on 
the solid rockets used in the Space Shuttle program. Orion would be similar in shape to, but 
considerably larger than, the gumdrop-shaped Apollo Command Module. Later missions to the 
Moon and beyond would require a large, heavy-lift rocket, designated Ares-5, and an advanced 
version of the Orion spacecraft. A lunar lander, called Altair, was also part of the program. There 
was to be maximum use of the hardware and facilities developed during the Shuttle, and even the 
Apollo, programs. One guideline for Constellation was minimizing the use of new technologies; 
the priority was to get the new systems into use as quickly as possible. 

However, between 2006 and 2008 the Constellation program ran into technical, schedule, and 
budget problems. NASA engineers had not had the experience of designing large new systems 
since the Space Shuttle, and found the tasks of system engineering and management extremely 
challenging. The availability of Orion and Ares-1 slipped from a target of 2013 at the start of 
Constellation to 2015 at the earliest. The Bush administration, after announcing its new Vision in 
2004, did not provide the budgets for Constellation that had been anticipated at the time of that 
announcement.  

After his election as president in November 2008, Barack Obama created a number of transition 
teams both on issues he would face as president and for most federal agencies, including NASA. 
The primary task of the NASA transition team was to advise the incoming administration 
regarding whether it should embrace the Constellation program as its own during the eight years 
that President-elect Obama hoped to spend in the White House, or whether changes in that 
program were needed to advance Obama administration priorities.  

The NASA team heard a number of worrying criticisms of Constellation as it opened its doors to 
all who had a legitimate perspective on the U.S. space program. The team concluded that there 
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were enough concerns about the content, budget, and schedule of the Constellation program to 
merit a top-level, technically-experienced, independent review of the program and possible 
alternatives. The White House accepted this advice and in May 2009 announced the formation of 
a ten-person “Review of United States Human Spaceflight Plans Committee.” 

That committee quickly became known as the Augustine Committee after its chair, retired 
aerospace industrialist Norman Augustine. The committee spent an intense three months both 
hearing from U.S. and foreign leaders and many others about options for future human 
spaceflight and conducting its own in-depth analysis. Its report, released on October 22, 2009,  
declared that “the U.S. human spaceflight program appears to be on an unsustainable trajectory” 
(Review of U.S. Human Spaceflight Plans Committee, 2009). The committee proposed a 
substantial increase in the NASA budget, suggested the need for increased investment in 
technologies related to human spaceflight, advised that ISS operations should be extended to at 
least 2020, noted that it was feasible for the private sector to take on a larger role in carrying 
people into orbit, and offered a variety of options for future human spaceflight beyond low Earth 
orbit. Common to many of those options was what was called a “flexible path” approach that 
would take explorers to a variety of destinations in deep space but would not land on either the 
lunar or Martian surface. This approach, reflecting anticipated cost constraints, called for the 
development of a heavy-lift launcher and a deep-space spacecraft, but not of a landing vehicle. In 
releasing the report, Augustine was particularly critical of the Ares-1 launcher, calling it “the 
wrong launcher at the wrong time.”  

The White House expected that the plans that NASA would submit in Fall 2009 for inclusion in 
the president’s FY2011 budget would reflect in substantial ways the findings of the Augustine 
Committee. That did not happen; NASA’s budget submissions were still based on the 
Constellation elements and approach. After several iterations, top White House officials and the 
NASA political leadership decided, since the NASA staff was not being responsive to White 
House priorities, to develop a new strategy for human spaceflight within the Executive Office of 
the President, without the involvement of most of NASA’s top career officials. The president 
approved such a top-level initiative in December, late in the normal budget process. 

 A New Strategy Developed and Announced 

Working with a high level of secrecy because they realized that, if planning for a dramatic shift 
in strategy became known there would be an immediate critical reaction, during January 2010 a 
small group of people from the Office and Management and Budget, Office of Science and 
Technology Policy, National Security Council, and some immediate presidential advisers, plus 
some of NASA’s political leaders, crafted a new approach to human spaceflight (Logsdon, 
2011). That approach closely reflected the findings of the Augustine Committee. There was 
agreement to increase the NASA budget by a total of $1 billion over the next five years (rather 
than the more substantial increase that the Augustine Committee had proposed) and to allocate a 
large share of that budget in the next several years to investments in new technology related to 
propulsion and in-orbit operations that would enable future exploration. There was also 
agreement that instead of NASA developing in Ares-1 and Orion a replacement for the Shuttle to 
carry crews to orbit, the space agency would try to jump start an industry-led partnership with 
NASA in developing human space transportation by a multi-billion dollar investment in fostering 
that partnership. 
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All of these decisions were made without the in-depth analysis typical of the normal budget 
process, and the level of resources allocated to different initiatives was somewhat arbitrary. 
Absolutely critical to the new approach was freeing up the funds dedicated to the Constellation 
program; the decision was made to cancel that program in its entirety, and with it the goal of 
returning to the Moon by 2020. 

Implicit in this set of decisions was a belief that NASA as it had evolved in the forty years since 
Apollo was badly in need of institutional reform. A leading student of large organizations, Yale 
professor Garry Brewer, as long ago as 1989 had observed that “NASA perfected itself in the 
reality of Apollo, but that success is past and the lessons from it are now obsolete, not to be 
flouted.” Brewer suggested that NASA “needs new ways of thinking, new people, and new 
means” to deal with its changed social, economic and political environment” (Brewer, 1989). 
That diagnosis, judged those developing the new strategy, remained valid more than two decades 
later. What they were attempting to do, believing that the NASA human spaceflight community 
of its own volition was quite unlikely to make the major changes needed, was to steer NASA 
toward the “new ways of thinking” that Brewer saw as necessary for organizational 
revitalization.  

Given the secrecy with which these decisions were being made, many at the last minute, there 
was no time to alert various stakeholders about the radical character of the changes the president 
would propose as the NASA budget was announced on February 1, 2010. In a normal budget 
process, relevant members of the Congress and their staff, space-related media, various opinion 
leaders, and occasionally industry leaders are pre-briefed on the contents of the budget. This did 
not happen, or happened at the very last minute, with respect to the NASA budget and the new 
strategy it embodied. Thus almost everyone concerned was quite surprised by the announcement 
of the new strategy for human spaceflight; many quickly reacted with varying degrees of 
hostility.  

That strategy called for almost $11 billion of investment in exploration-related technology 
developments and demonstrations and propulsion research and development over five years; 
almost $5 billion of investment in further-off technologies; and $6 billion to spur the 
development of crew-carrying capabilities on a “commercial” basis. There were no funds for 
starting to build a new spacecraft or launcher in the five-year budget outlook; those 
developments would come only after several years of technology investments. Neither 
destinations nor a timetable for exploratory missions were set out. 

Because among those not informed of the decisions until the last minute were the top officials at 
NASA headquarters and field centers, congressmen and reporters asking for explanations of the 
new strategy did not get satisfying answers. In addition, the budget release came at a time when a 
new head of public affairs for NASA had just been appointed, and the public “roll out” of the 
budget was very poorly executed. The result of these communication failures was widespread 
misunderstanding of the new strategy, leading to mistaken reports such as “President Obama 
abandons human spaceflight.” NASA quickly was put on the defensive rather than being able to 
actively advocate the president’s new approach. 

Hoping to regain the offensive, advocates of the new strategy convinced President Obama’s top 
advisers that the president should speak out in support. On April 15, 2010, Barack Obama came 
to the Kennedy Space Center in Florida to add his personal endorsement of his administration’s 
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new strategy for human spaceflight. He said: “nobody is more committed to manned space flight, 
to human exploration of space, than I am. But we’ve got to do it in a smart way, and we can’t 
just keep on doing the same old things that we’ve been doing and thinking that somehow is 
going to get us to where we want to go.“  The president added in a somewhat flippant manner: “I 
understand that some believe that we should attempt a return to the surface of the Moon first, as 
previously planned. But I just have to say pretty bluntly here: We’ve been there before.” 
Reacting to criticisms that there were no schedule dates or exploration destinations in his 
proposed strategy, the president announced that NASA would “finalize the design” of a heavy 
lift launcher no later than 2015. Developing this launch vehicle and a new spacecraft, said 
Obama, would allow the United States to send astronauts to a near-Earth asteroid by 2025, and to 
send a crew to orbit Mars by the mid-2030s, with a landing on the Red Planet to follow.  

Congress Seizes the Initiative 

The Obama speech, rather than quieting the criticism of the new strategy, added additional 
confusion to the situation, with its introduction of a new destination and a proposal to resuscitate 
the Orion spacecraft, but only as a “lifeboat” for ISS crews. In its aftermath, the Congress was 
able to seize the initiative and push towards a compromise that undercut much of what had been 
a core element of the new strategy, the concept of taking a pause of several years to invest in 
new, “game-changing,” technologies before deciding what new space systems to build. 

It should have come as no surprise to advocates of the new strategy that the relevant members 
and committees of Congress were skeptical, if not directly hostile, to the new strategy. Even in 
September 2009, when Norm Augustine had testified regarding the interim version of his 
committee’s report before both House Committee on Science and the Senate Committee on 
Commerce, Science, and Transportation, almost all members had pushed Augustine to explain 
why his committee had not recommended increasing the budget for Constellation to get the 
program back on schedule, or close to it, rather than suggest alternatives to the “program of 
record.” Many members were more interested in making statements in support of their 
constituents’ interests than they were in listening to Augustine’s explanations. 

So when the new strategy, reflecting the conclusions of the Augustine Committee’s findings, 
came before those same two committees after the release of the president’s budget, there was a 
great deal of hostility evident among some members, such as Senators Richard Shelby (R-AL) 
and David Vitter (R-LA) and Representatives Bart Gordon (D-TN), Gabrielle Giffords (D-AZ), 
and Ralph Hall (R-TX). Gordon was chair of the House Committee on Science and Giffords the 
Chair of its Subcommittee on Space and Aeronautics. Senator Shelby was able to get written into 
law a prohibition against NASA cancelling any Constellation contracts. One sticking point 
among many members was that some $9 billion had already been spent on Constellation, and it 
seemed prudent not to write off that investment. Trying to find some form of compromise 
between the Congressional concerns and the White House proposal were Senators Bill Nelson 
(D-FL) and Kay Bailey Hutchinson (R-TX). They were the chair and ranking minority member 
respectively of the Senate Science and Space Subcommittee, and were looked to by other 
senators without direct space interests for leadership in crafting the Senate reaction to the White 
House. 

Although many of those who had crafted the new space strategy were veterans of Washington 
politics, there seems to have been little attention given  in developing the new approach to its 
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political feasibility – or at least, if political impacts were considered, they were not given much 
importance. Cancelling Constellation would mean terminating contracts worth billions of dollars 
and would influence the job prospects of thousands of NASA and contractor workers. The firms 
who would suffer from canceled contracts quickly organized lobbying efforts against the 
president’s proposal; they found allies among senators and representatives whose constituents 
would be most affected by the proposed changes. They were able to convince such revered 
figures as Apollo astronauts Neil Armstrong, James Lovell, and Eugene Cernan to testify against 
the president’s proposals. The astronauts were particularly skeptical of the private sector taking a 
leading role in crew transportation. Former administrator Griffin spoke in defense of 
Constellation; it was unprecedented for a former head of NASA to publicly oppose changes 
made by his successor. The supporters of the new strategy were handicapped by the inability, or 
unwillingness, of NASA leaders to provide a coherent defense of the president’s proposals and 
by the fact that those in the private sector who most stood to benefit from the new approach were 
relatively non-influential politically. Thus the first round of congressional hearings on the new 
strategy and the NASA budget during the February-March period did not bode well for the 
initiative’s success. 

A particular lightning rod for criticism was the administration proposal that private sector firms, 
particularly smaller, entrepreneurial ones, should assume a lead role in developing systems to 
transport astronauts to the ISS, with NASA providing up-front investments and then a guaranteed 
market for those systems (the hope was at least two) that demonstrated the ability to carry crew 
safely and affordably. This approach would take NASA out of its accustomed role of total 
control over U.S. human spaceflight, and it was difficult for veterans of Apollo and the Space 
Shuttle eras to accept that anyone other than NASA could perform that role successfully. This 
proposed private-public partnership was named the “Commercial Crew Program,” creating an 
impression that profits rather than safety might be a dominant feature in its execution. 

The House Committee on Science was particularly antagonistic towards the new human 
spaceflight strategy and to NASA’s failure to provide requested information in support of the 
proposed changes and the decision to cancel Constellation.  At the end of July 2010, the 
committee passed an authorization bill that provided very limited support for the commercial 
crew initiative and for exploration-related technology investments, and directed NASA to 
restructure its exploration effort in ways closely reflecting Constellation plans. The legislation 
declared that NASA’s exploration efforts should be carried out “in a manner that builds on the 
investments made to date in the Orion, Ares-1, and heavy lift projects . . . rather than discard 
them.”  This bill was controversial even among some members of the House committee and 
House delegations from several states. Attempts to get it quickly approved by the whole House 
were not successful. 

The Senate Committee on Commerce, Science, and Transportation, also at the end of July, 
passed a rather different bill. That legislation was the result of an attempt to find areas of 
compromise between the short-term concerns of senators regarding the loss of workforce 
capability (and jobs)  resulting from cancelling Constellation,  and the desire to support key 
elements of the President’s new strategy. This compromise effort was led by Senators Bill 
Nelson and Kay Bailey Hutchinson and gained the support of all committee members. The major 
change in the bill was, rather than wait for the results of a major investment in new technology,  
to move forward the schedule for the development of a deep-space spacecraft (designated the 
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Multi-Purpose Crew Vehicle, MPCV) and a heavy-lift launch vehicle (designated the Space 
Launch System, SLS). Accelerating the schedule for developing these major new systems would 
provide work for the Constellation workforce. The bill set December 2016 as the date by which 
both the spacecraft and heavy-lift launcher should be ready for use. The committee agreed with 
the cancellation of Ares-1, but was unusually specific in setting out the major design features of 
the new heavy-lift launch vehicle, implying significant future roles for Shuttle and Ares-1 
contractors. The committee did accept the notion that the private sector should have primary 
responsibility for crew transport to the ISS, but did not authorize spending on the commercial 
crew program at the level requested by the president. Nor did it provide substantial funds for new 
technology investments; rather, its priority was providing the funding needed for a rapid start on 
the new spacecraft and heavy-lift launcher. 
 
Efforts during September 2010 to reconcile the House and Senate approaches to NASA policy 
failed. Ultimately the House reluctantly approved the Senate bill, and President Obama signed 
the authorization into law on October 11 (Public Law 111-267, 2010). Although the changes 
proposed in the Senate bill had implied a major shift in emphasis from the human spaceflight 
strategy proposed by President Obama six months earlier, the White House during the 
Congressional deliberations was not vocal in its opposition to the Senate bill. Apparently, there 
was a judgment that the compromise approach embodied in the bill was likely to be the best 
achievable outcome in political terms, and certainly preferable to the hostile House proposal. 
White House acceptance of the Senate bill meant that attempts to quickly change the U.S. 
approach to human spaceflight and to reform NASA as an institution had failed. Change, if it 
were to come, would be gradual; there would be no clean break with the Apollo/Shuttle era 
approach to carrying out the U.S. human spaceflight program, an approach that emphasized 
major government-directed engineering development programs carried out by NASA field 
centers working with the traditional leaders of the aerospace industry. Only in the commercial 
crew area was a more innovative path to be followed, and there were lingering Congressional 
doubts about the wisdom of that path. 
 
Planning for Exploration 

NASA since 2009 has been basing its planning on a “capabilities-driven” approach, which 
stresses step-by-step development of the capabilities required to launch astronauts to various 
distant destinations. Although President Obama in 2010 indicated that a near-Earth asteroid 
would be the first target for NASA, the Senate bill, now the law of the land as the National 
Aeronautics and Space Administration Authorization Act of 2010, directed NASA to prepare for 
“missions beyond low-Earth orbit to a variety of lunar and Lagrangian orbital locations.” In 
addition, the proposal to focus U.S. planning on an asteroid mission did not find widespread 
acceptance among the space community. Thus NASA in its planning has included the possibility 
of travel to multiple destinations, including the lunar surface, before attempting missions to Mars 
or its satellites. 

The authorization bill also directed NASA to rapidly initiate development of the MPCV and SLS 
as the initial elements of a capability-driven approach. NASA soon decided that the Orion 
spacecraft that was being developed under the Constellation program met the requirements of a 
MPCV, and thus is proceeding, at a budget-limited pace, with Orion development. An initial 
flight test of a version of Orion without life support and other internal equipment and not 
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carrying a crew is planned for 2014; it will most likely be launched by a Delta 4 rocket and will 
simulate atmospheric re-entry at lunar velocity to test the spacecraft’s thermal protection system 
and practice water recovery procedures. 

It took longer for NASA and the White House to agree with Congress on what SLS design 
should be pursued. The 2010 authorization directed NASA to use in the SLS, “to the maximum 
extent practicable . . . Space Shuttle-derived components and Ares-1 components.” During the 
first nine months of 2011, NASA studied a variety of SLS designs, with varying schedules and 
budget requirements. Frustrated by NASA’s delay in specifying the SLS design, Senators Nelson 
and Hutchinson met in September 2011 with the Director of the White House Office of 
Management and Budget and the NASA administrator to force a decision. The two senators were 
successful in getting an Obama administration commitment to move forward with the SLS. On 
September 14, in a ceremony held on Capitol Hill rather than at space agency headquarters or the 
White House, NASA announced that it would develop first an interim version of the SLS capable 
of launching 70 tons to low-Earth orbit and eventually move to a more powerful version capable 
of launching 130 tons. As mandated, both versions will make significant use of Shuttle-derived 
and Ares-derived elements, including the Space Shuttle main engines and the large solid rocket 
motor that was to be the first stage of Ares-1. An initial SLS mission of the less powerful version 
of the rocket is planned for late 2017; it will launch the Orion spacecraft without a crew aboard 
into a trajectory that will loop around the Moon, without going into lunar orbit. The first crew-
carrying mission is currently planned for 2021; it will carry astronauts on a circumlunar mission. 

The pace of Orion and SLS development is being constrained to a significant degree by the 
budget planned for the two programs. For Fiscal Year 2012, the Orion budget is $1.2 billion and 
the SLS budget is $1.86 billion. For Fiscal Year 2013, $1.0 billion is requested for Orion and for 
SLS, $1.88 billion. The intent is to keep these two programs at approximately the $2.8-$3 billion 
per year level for the next four years. 

International Participation – The Missing Element 

The NASA 2010 authorization bill stated that “the long-term goal of the human space flight and 
exploration efforts of NASA shall be to expand human presence beyond low-Earth orbit and to 
do so, where practicable, in a manner involving international partners.” The International Space 
Station, involving a fifteen-nation partnership among the United States, Russia, Canada, Japan, 
and eleven European countries as members of the European Space Agency, has set a strong 
precedent for making any future large-scale space effort multilateral in character. A fourteen-
space-agency body called the International Space Exploration Coordination Group (ISECG) has 
since 2007 been working on a Global Exploration Strategy and a Global Exploration Roadmap. 
The latter of these two products sets out agreed-on pathways for human exploration up to an 
initial landing on Mars (ISECG, 2011). But ISECG is not a decision-making body, and thus 
cannot commit its member agencies and their governments to follow the pathways they have 
developed. There is widespread rhetorical acceptance at the political level in the United States 
and elsewhere that any sustainable exploration effort must be international in character. Most 
other countries remember that President Ronald Reagan, in announcing his approval of space 
station development in January 1984, invited other countries to join the United States in the 
project.  They hope for a similar invitation from a U.S. president to work together in human 
exploration. But to date that invitation has not come, and there have been very limited 
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multilateral or bilateral discussions at a decision-making level about potential international 
contributions to a U.S.-led exploration effort. NASA planning to date has not reflected such 
potential contributions. It is not clear when, or even if, the United States will take the initiative in 
forging an international exploration coalition, even as most recognize that without international 
participation and cost-sharing, the United States cannot afford a sustained program of human 
exploration. 

There is a major problem with the concept of countries other than the United States making 
major contributions to a global exploration effort. There is no evidence that they have an interest 
in doing so.  Current U.S. partners in the ISS, the Russian, European, Japanese, and Canadian 
national space agencies and the European Space Agency, have indeed been engaged in planning 
for such contributions, but none of their governments seem inclined at this time to finance such 
efforts. Whether this might change as a result of a direct invitation from the U.S. government to 
partner in exploration is open to question. 

As discussed briefly below, some suggest that China is the country most likely to be interested in 
21st century space exploration. But to date China has taken a unilateral approach to human 
spaceflight. It is in early stages of planning for human voyages to the Moon, but all indications 
are that the commitment by the Chinese government to undertake a lunar landing program is 
some years in the future, if it occurs at all. Cooperation with China is a most unlikely option for a 
U.S.-led exploration effort. 

An Uncertain Future 

There are a number of uncertainties facing the U.S. human spaceflight program at the current 
time. Among them are: 

• The fate of the Commercial Crew Program. In the two years since this program was 
announced, NASA has received far less funding than it claimed was needed to develop at 
least one, and preferably more than one, U.S. system to transport astronauts into space. 
NASA now projects 2017 as the earliest time when such systems might be available; that 
means another half-decade of dependence on a Russian system to transport crew to the 
ISS. The firms vying for selection as crew transportation providers claim that their 
systems could be ready well before 2017, if only there was an adequate amount of 
government investment under conditions that would allow these firms freedom to move 
forward at a rapid pace. But Congress has lingering doubts regarding the viability, and 
perhaps even the desirability, of a private-public partnership to provide crew 
transportation services, and has been unwilling to appropriate anywhere near the funds 
the Administration has requested for commercial crew. There seems to be little sense of 
urgency in developing a U.S.-built and operated replacement for the Space Shuttle. But if 
there is a continuing need for transporting U.S. astronauts to the ISS, it is difficult to 
imagine long-term reliance on a non-U.S. provider of crew transportation services. There 
are some who believe that the commercial crew effort will collapse and that the United 
States will go back to developing a single government-developed system for astronaut 
transportation. 

• The future of the International Space Station. Full utilization of ISS research 
capabilities is just beginning, and whether the projected scientific and engineering 
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payoffs from such utilization will appear is not yet known. Current policy is to operate 
the ISS until “at least” 2020, and engineering analysis suggests that the ISS is capable of 
operating until 2028. Operating and utilizing the ISS requires almost $3 billion per year. 
If a decision is made to continue to operate the ISS past 2020, and if NASA’s overall 
budget is not increased significantly, there will be conflict between the ISS budget needs 
and the funds required for human exploration missions. How a decision will be made to 
continue to operate the ISS (or replace it with a second-generation space station) is not at 
all clear. 

• The future of the human exploration program. NASA now has White House and 
Congressional approval to proceed with the development of the first elements in its 
capabilities-based approach to exploration, the Orion spacecraft and the Space Launch 
System. The budget projected in the short-to-medium term for these two efforts will 
allow only measured progress, with an initial SLS test launch of Orion, without a crew 
onboard, in 2017 and a first launch with astronauts only in 2021. To reach that point will 
still require a multi-billion dollar expenditure of Federal funds. In addition, the SLS 
design that has been selected is based on technologies and systems dating back to the 
1970s or even earlier. Initial destinations for exploration missions remain uncertain, as 
does the schedule for their achievement. Whether this approach to human exploration, 
driven in large part by short-term considerations of job and contract maintenance, will be 
able to withstand inevitable criticism and a possible change of Administration priorities 
in 2013 is not at all clear.  

How these uncertainties will be resolved is also not clear. Some astute observers believe that the 
U.S. program of human spaceflight is headed for collapse after the end of ISS utilization, and 
that other, more ambitious countries will take the lead in space exploration. For example, former 
White House space official Mark Albrecht sees the 2010 Obama administration proposals and 
the subsequent compromise as evidence that “America could muster neither the will nor the 
wallet to answer the call . . . for a post-Cold War exploration program to keep America 
advancing into the new frontier.” He asks “whether a future President will take another bite at 
the space exploration apple,” and concludes “Frankly, it is hard to imagine.” Rather, Albrecht 
suggests “the Chinese and perhaps the Indians have taken up the gauntlet of space exploration” 
and are “prepared to accept the costs and risks” involved (Albrecht, 2011).  

It is difficult, but not impossible, to imagine the United States abandoning its government-
sponsored human spaceflight efforts and allowing another country to assume a space leadership 
role. The counterarguments to Albrecht’s analysis are several. One is the persistent belief among 
a segment of the U.S. population in the inevitability of human expansion into the space frontier 
and in the central role that the United States must play in that expansion. As McCurdy notes, 
“expectations inevitably fail, but the underlying vision rarely dies. Rather, people update the 
vision. The dream moves on” (McCurdy, 2011).  

A study group at the Massachusetts Institute of Technology agreed, suggesting that exploration, 
defined as “an expansion of human experience, bringing people into new places, situations, and 
environments, expanding and redefining what it means to be human,” should be the primary 
motivation for sending humans into space. The group noted that “human spaceflight is an 
instrument of soft power – it serves as an example for members of other nations and cultures to 
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emulate and follow. . . . Human spaceflight is a marker of modernity and first-class status” 
(Massachusetts Institute of Technology, 2008). 

A major Chinese motivation for its moderately-paced but steady program of human spaceflight is 
that program’s ability to very visibly symbolize the “great power” status of the Communist-led 
Chinese society. It does not seem as if China is engaged in any kind of space race to a particular 
destination with either the United States or its rivals in the Asia-Pacific region, but rather is 
focusing on developing its own autonomous capabilities for whatever space goals it decides to 
pursue. The link between human spaceflight and national “soft power” remains strong – perhaps 
not as strong as when it served as the principal motivation for Project Apollo, but meaningful 
nonetheless (Logsdon, 2007). This link is likely to stand as the foundation for a continuing U.S. 
(and Chinese) program of human spaceflight centered on at least the aspiration, if not the reality, 
of exploration beyond Earth orbit. 

But what kind of program? Given the decisions regarding human spaceflight over the past two 
years, it is hard to conclude that the United States has the political will to undertake, as the 
Augustine Committee titled its 2009 report, “A human spaceflight program worthy of a great 
nation.” Given the only modest acceptance of the new strategy for human spaceflight proposed 
by the White House in 2010, the most likely prospect is a program with its political support 
driven primarily by the desire to preserve jobs and contracts, and operating on a flat  budget. 
This will result in a NASA little changed from the Apollo/Shuttle status quo. NASA will 
continue to struggle to “do too much with too little”; the outcome will be a suboptimum space 
effort, not one well-matched to 21st century realities. 

When we shared in December 1972 the experience of the Apollo 17 launch, neither Al Teich nor 
I gave much thought to what lay ahead for the United States in space. If we had done so, I am 
sure we would be very disappointed by the actuality of the past forty years. But, in our 
memories, paraphrasing the famous line from the movie Casablanca, “We’ll always have 
Apollo.” 
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An Abridged Tour through the Landscape of Misconduct and Research 
Integrity in Science 
Mark S. Frankel 

I remember the occasion clearly.  I had just joined the staff at AAAS in the summer of 1986, and 
one of the first people to welcome me was Al Teich, who at that time headed the Office of Public 
Programs.  I was the new head of the Office of Scientific Freedom and Responsibility.  It was 
more than mere pleasantries, however.  Al was Principal Investigator for a new grant from the 
Alfred P. Sloan Foundation on the topic of fraud and misconduct in science, and he invited me to 
collaborate with him and other staff on the new project.  It was a grant to organize and convene a 
series of three workshops between 1987 and 1989, and it resulted in a set of three reports 
(Information about the three reports, now out of print, is posted at 
http://srhrl.aaas.org/pubs/#researchethics ).  Writing in 1999, David Johnson, then director of the 
Federation of Behavioral, Psychological, and Cognitive Sciences1, a consortium at the time of 18 
scientific societies, characterized the completion of those workshops as “the most thorough 
examination currently available of the range of issues surrounding misconduct” (Johnson, p. 51). 

 So began AAAS’s entry into what has been a 26-year commitment to promoting responsible 
research conduct, which I am privileged to now lead.   It is from that vantage point, as well as 
my collaborations with Al over those many years, that I examine in this chapter how the issues 
and policies related to misconduct by scientists have evolved and also explore what may lie 
ahead.  Although the chapter is not intended to highlight the role of AAAS in these matters, 
neither does it shy away from pointing to the ways in which the Association has influenced the 
relevant landscape, and by doing so, also recounting some of Al Teich’s contributions to these 
matters.  The chapter focuses on matters as they have played out in the United States, although a 
section at the end discusses the implications for the responsible conduct of research in light of 
increasing research collaborations across countries and cultures. 

This chapter uses two lenses to capture the evolution of misconduct in American science: 
regulation and education.  The former was the dominant approach to both public and 
professional self-regulation in the early episodes of misconduct (1980s to mid-1990s), as both 
public and private institutions sought to regulate behavior through sanctions that would punish 
those guilty of misconduct, and also serve as a deterrent to others who might be tempted to stray 
from accepted scientific practices.  In the mid-90s, however, it became apparent that any long-
term effort to reduce misconduct required a pre-emptive approach through education.  The 
AAAS approach paralleled what was underway elsewhere in the United States.  The three 
workshops mentioned earlier and many complementary activities were aimed at improving 
efforts to respond to allegations of misconduct through various legal and administrative 
mechanisms.   

In 1995, AAAS moderated its focus on dealing with misconduct after the fact, and began several 
new initiatives that emphasized helping scientists and their institutions understand and embrace 

1 *In 2009, the consortium changed its name to the Federation of Associations in Brain & Behavioral Sciences.

http://srhrl.aaas.org/pubs/#researchethics
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acceptable ethical research practices.  One of those initiatives was the production of a set of 
videos in 1996 that included five case vignettes for educating students and active researchers 
about the ethical issues associated with  the conduct and reporting of research (see 
http://www.aaas.org/spp/video/default.htm).  This was one of the projects that Al enjoyed the 
most, and also one of the most challenging to finance.  From a kernel of an idea to funding that 
enabled the work to go forward took about two years, but we did not lose hope, nor our 
confidence that we had a good plan and a potentially very receptive audience.  A look at the 
hundreds of college and universities using the videos to this day, both in the United States and 
abroad, is a good sign of their educational value.  It also was a determination by AAAS that in 
the long run, taking steps to prevent misconduct was a much more appropriate role for a 
scientific society, as the government and its grantee institutions took the lead in dealing with 
research miscreants.  

Parsing Misconduct in Science 

One of the less-than-illuminating aspects of the subject matter of this essay is the fact that the 
behavior in question has been labeled in many different ways.  At times it has variously been 
referred to as “fraud,” “scientific misconduct,” and “research misconduct.”  For purposes of this 
chapter, I will simply use the term “misconduct” to refer to all three terms, unless specifically 
noted.  But that only partially settles the matter, because “misconduct” in science has been 
defined both broadly and narrowly. On the one hand, for public policy it has been limited to 
“fabrication, falsification and plagiarism”; on the other hand, it has also been acknowledged to 
include a much wider set of practices that, for some, have an even greater deleterious effect on 
research and the public’s view of science and scientists.  I will adopt the latter distinction in this 
chapter because of its critical relevance for differentiating between the role of government 
regulation and professional/institutional self-regulation. 

Another term that permeates conversations about the conduct of science is “research integrity,” a 
phrase that appears often in this essay.  I use it to mean intellectual honesty in designing, 
conducting, evaluating, and reporting research guided by adherence to established professional 
norms and ethical principles for doing research.  It encompasses both character and behavior, in 
that we expect scientists to accept responsibility for doing science the right way.    

One additional issue that has confused more than clarified the state of misconduct in science is 
the unsettled question of how much of it there is.  There is no easy answer, although there are 
more than a few estimates.  The issue is compounded by the different views noted above about 
what kinds of behavior constitute misconduct.  One might look to the number of cases 
investigated and confirmed as misconduct by the federal government as a reliable number, but 
that represents a narrow definition of misconduct and says nothing about the cases that go 
unreported or are resolved informally, never reaching the formal mechanisms for investigating 
misconduct allegations.  As noted in a AAAS publication that Al and I co-authored in 1992, 
“There is no way of judging whether these cases represent merely ‘a few bad apples’…or the ‘tip 
of the iceberg’….” (Teich and Frankel, p. 6).  This remains the situation today; there is no 
definitive count of the number of cases and no reliable data on whether misconduct has been 
increasing or decreasing2. 

2 This is not the case with reporting of misconduct, which has been increasing since the 1980s. 

http://www.aaas.org/spp/video/default.htm
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The lack of firm numbers, however, does not in any way undercut the argument that misconduct 
by scientists is something about which to worry.  The increasing social importance of science 
and reports of several high-profile incidents of misconduct in the press over the course of more 
than three decades have triggered a certain amount of public angst, congressional hearings, and 
federal regulations.  They have also prompted the scientific community, through its research 
institutions, professional societies and journals, to adopt measures to counter a research 
environment that many consider a major contributor to misconduct, and to speak loudly and 
vigorously against the violation of ethical standards in science.  Misconduct is a betrayal of the 
public’s trust and a failure of accountability when public funds are misused or wasted on 
research built on a false or fabricated foundation.  It can also lead to misdirected policy and, 
when based on flawed research, to possibly harmful actions.  Whether you do science or count 
on it to improve human welfare, there are good reasons to be concerned about anything that 
diminishes the integrity of scientific research. 

Through the Lens of Regulation 

The post-World War II social contract between science and society has traditionally given 
prominence to self-regulation by the scientific community (Guston).   However, over the years 
since then, citizens have become more aware of the major social, economic, and political 
consequences of scientists’ work and have been witness to highly publicized accounts of 
scientists “behaving badly” (Martinson, et al.), leading society to rely increasingly on 
government regulations to monitor and control scientists’ behavior.  More than ever before, we 
have entered an era where the public has strong expectations of a socially accountable science.  
In the case of misconduct, the strain in the relationship between science and society surfaced in 
the early 1980s, when a series of highly publicized incidents were scrutinized by the U.S. 
Congress. 

In 1981, then-Congressman Al Gore chaired a hearing at which he made these opening remarks: 
“At the base of our investment in research lies the trust of the American people and the integrity 
of the scientific enterprise.  If that trust is threatened—as it is when leading scientists are 
discovered falsifying their data—then not only are the people placed at potential risk, but the 
welfare of science is undermined” (Fraud in Biomedical Research, p. 1). 

Unfortunately for science, many of its leaders were in denial, claiming that the problem cited by 
Gore “need not be a matter of general societal concern…[it is] a relatively small matter which is 
generated within and is normally effectively managed by…the scientific community itself” 
(Fraud in Biomedical Research, p. 10; comments by Phillip Handler, then president of the  
National Academy of Sciences).  But as the incidents of misconduct continued to make front-
page news, Congress decided that enough was enough.  In 1985, it passed the Health Research 
Extension Act (P.L. No. 99-158), which required the U.S. Public Health Service (PHS) to issue 
regulations mandating that institutions receiving federal funding have policies and procedures in 
place to respond to allegations of misconduct.  By the end of the decade, the two leading funders 
of basic research in the United States — the PHS and the National Science Foundation (NSF) —
had issued regulations implementing the Act’s requirements.  What had been done previously, 
when research using humans and animals was found ethically unacceptable by an angry public, 
was now happening to the everyday practice of science: regulations were put in place to oversee 
the ethical conduct of research and to safeguard the public’s interest in the integrity of science 
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(U.S. Public Health Service, 1989; National Science Foundation, 1987).  As a condition for 
receiving federal funds, institutions were now obligated to establish policies and procedures for 
dealing with allegations of misconduct in science. 

Research institutions, primarily universities, initially were unprepared for the task.  At best, 
efforts at implementing the new regulations were inefficient and superficial; at worst, they were 
used in ways to protect the reputation of the university and avoid any publicly embarrassing 
findings.  It was in the late 1980s that AAAS began its series of three workshops to examine, 
among other things, how institutions could effectively implement the new regulations in ways 
that would demonstrate their commitment to cleaning house of miscreants while ensuring fair 
proceedings for all those involved.  The middle of the three workshops was organized in 
collaboration with the Association of American Medical Colleges and the Association of 
American Universities, leading academic associations that had drafted guidelines during that 
time to assist their member institutions in developing policies and procedures for handling 
allegations of misconduct.   Taken together, the three workshop reports have been referred to as 
“a primer for university and other authorities on what to expect when an allegation of 
misconduct arises and on a variety of options to consider at most of the critical points in a 
misconduct proceeding” (Johnson, p. 52).  As follow-up to the insights and recommendations in 
the three reports, AAAS launched a series of practicums in the early 1990s to instruct research 
institutions on the nuts and bolts of developing and managing misconduct policies and 
procedures, with the last one held in 2001 
(http://www.aaas.org/spp/sfrl/projects/legal/legalag.htm). Over that decade, AAAS probably 
helped prepare more institutional officials for investigating allegations of misconduct under 
federal regulations than any other non-governmental organization. 

In 2000, the White House Office of Science and Technology Policy (OSTP) finally resolved a 
debate between scientists and the government over the definition of “misconduct.”  Scientists 
had complained for years that the federal funding agencies used different definitions, which were 
both confusing and burdensome for researchers.  After a year or so of deliberations between the 
government and the research community, OSTP issued a uniform definition of misconduct, 
applicable to all federal agencies and those who receive funding from them (Office of Science 
and Technology Policy).  The new regulation embraced a definition of misconduct that included 
three types of behavior: “fabrication, falsification, or plagiarism in proposing, performing, or 
reviewing research, or in reporting research results,” which to this day remain the core violations 
that trigger a federal investigation.  Federal policy is clear that institutions receiving federal 
research dollars may adopt definitions beyond that of the government, which most institutions in 
the United States have done.  In many cases, definitions have been expanded to deal with such 
matters as authorship disputes and other publication issues, conflicts of commitment, abuse of 
confidentiality, failure to report violations of the institution’s misconduct policy, data 
management issues, and more.  

Today, the scope of misconduct regulation remains a mix of governmental regulation and 
professional self-regulation.  There has been virtually no action since 2000 to change the 
regulatory role of the government in pursuing misconduct allegations.  This does not mean, 
however, that the government has been a passive bystander.  In recent years, the “action” has 
been less on misconduct and more on trying ways to prevent, or at least minimize, its occurrence. 
In that regard, the federal government has been a major player, issuing guidelines and 

http://www.aaas.org/spp/sfrl/projects/legal/legalag.htm
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requirements that have changed the pace, and perhaps the direction as well, of research ethics 
education in the United States. 

Through the Lens of Education 

Although one should not underestimate the power of investigation and sanctions to influence 
behavior, rules will only go so far.  There needs to be a long-term approach that will inform and 
enable researchers to act properly, not because the law mandates, but because responsible 
science requires it.   The Institute of Medicine (IOM) 2002 report leaves no doubt about what 
that approach should be, when it states that education on the ethical conduct of research is the 
path “most likely to have the desired results with the least level of intrusion and the greatest 
direct impact on overall norms” (Institute of Medicine, p. 59). 

Whereas the traditional domain of education generally rests with state and local governments, 
ethics education in science has received its biggest boost from the federal agencies that fund 
scientific research.  It began in 1989, when the National Institutes of Health (NIH) required all of 
its training programs to include instruction in scientific integrity (U.S. Department of Health and 
Human Services, 1989).  In 1994, NIH sought to expand coverage by stating that “Plans that 
incorporate instruction in the responsible conduct of research for all graduate students and 
postdoctorates in a training program or department, regardless of the source of support, are 
particularly encouraged” (National Institutes of Health, 1994).  In 2000, NIH issued a new 
requirement on education for the protection of human subjects (National Institutes of Health, 
2000).  This policy extended beyond trainee programs to include “all investigators submitting 
NIH applications for grants or proposals for contracts….”   NIH gave the institutions offering the 
training free rein to decide how to conduct such education and what content to include. 

However, in 2009, NIH took note of the state of ethics education in science, observing that 
“there have been a number of developments related to instruction in responsible conduct of 
research. The scientific community has responded by developing innovative courses, workshops, 
research projects on instruction in responsible conduct of research, and instructional materials…. 
Acknowledging these changes, and drawing on the experiences of the past two decades, this 
Notice clarifies and updates NIH policy on instruction in responsible conduct of research.”  That 
Notice (National Institutes of Health, 2009), issued in fall 2009, was more direct in what NIH 
would require as part of research ethics instruction.  Specifically, through the Notice, NIH “1) 
develops principles based on 20 years’ experience of providing instruction in responsible 
conduct of research by the scientific research community; 2) is more specific about who should 
participate, how often instruction should occur, and the form that instruction should take; 3) 
addresses issues that have arisen as the practice of biomedical, behavioral and clinical science 
has evolved; and 4) provides guidance to applicants, peer reviewers and NIH staff in determining 
how well specific plans for instruction in responsible conduct of research compare with the best 
practices accumulated over the past two decades by the research training community.”  As a 
result, NIH set standards regarding certain aspects of instruction in the responsible conduct of 
research—format, subject matter, faculty participation, and the duration and frequency of 
instruction--that it expected institutions receiving its funding to adopt.  This was a long way from 
1989. 

Meanwhile, the National Science Foundation (NSF), spurred in part by the America 
COMPETES Act (P.L. 110-69), announced in 2009 that it would introduce a broad requirement 
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for ethics education.  The announcement (National Science Foundation, 2009) stated that 
“Effective January 4, 2010, NSF will require that, at the time of proposal submission to NSF, a 
proposing institution…certify that the institution has a plan to provide appropriate training and 
oversight in the responsible and ethical conduct of research to undergraduates, graduate students, 
and postdoctoral researchers who will be supported by NSF to conduct research.” 

Over the past two decades, nine specific topics have been promoted as the core teaching subjects 
of the responsible conduct of research (RCR) (see http://ori.hhs.gov/educators).  These include: 

• Data Acquisition, Management, Sharing and Ownership
• Conflict of Interest and Commitment
• Human Subjects
• Animal Welfare
• Research Misconduct
• Publication Practices and Responsible Authorship
• Mentor / Trainee Responsibilities
• Peer Review
• Collaborative Science

For the most part, those topics have been embraced by universities, scientific and engineering 
societies, and the government, and there is no reason to believe any of them should be discarded.  
But times change, and so has the research environment.  There is growing sentiment within the 
RCR community that the list above has failed to keep pace with the expanding range of pressures 
experienced by scientists.  In its 2009 Notice mentioned above, NIH took a step in broadening 
the perspective on what constitutes education in research integrity by adding other topics to the 
core nine: the scientist as a responsible member of society, contemporary ethical issues in 
biomedical research, and the environmental and societal impacts of scientific research.  What 
those include will take some parsing out.  In this essay, I focus on one area that has emerged as a 
rising challenge to the ethical responsibilities of scientists, one that fits neatly into the language 
of “scientist as a responsible member of society.” 

In 2006, a Council of Graduate Schools report stressed that “[o]ne of the most important 
justifications for training in ethical reasoning is the contribution that it can make to students’ 
abilities to participate effectively in public policy debates….Graduate programs, then, have a 
responsibility to prepare future scientists for the social responsibility that goes with being a 
scientist” (Council of Graduate Schools, p. 29).  The fact is, however, that educators have been 
slow to view this area of public policy engagement as part of the core RCR topics. 

Many of today’s major public policy decisions have strong science underpinnings (e.g., climate 
change, food and drug safety, embryonic stem cell research, etc.), and could, and often do, 
benefit from scientists’ expertise.  Moreover, there have been growing calls by scientists and 
scientific organizations urging their colleagues and members to become more involved in the 
policy-making process (Leshner, p. 877), reflecting a belief that scientists have much to 
contribute as well as a concern that the methods and findings of science are not always portrayed 
properly. 

http://ori.hhs.gov/educators
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However, as scientists become more visible in the policy arena, questions about their role and 
influence have become a source of debate, both inside the scientific community and in society 
more generally.  Increasingly, scientists are viewed as going beyond merely offering scientific 
information and interpretation, and instead engaging in advocacy in policy deliberations, a role 
that raises ethical issues for scientists as well as questions about the relationship between science 
and society (Frankel, 2012). 

Advocacy raises ethical issues in science because of its connection to the two core 
responsibilities of scientists.  One of those responsibilities is embedded in the internal practices 
of science, and the responsibility to uphold professional standards for the conduct of science.  
There are strong expectations by both scientists and the public that research will be conducted in 
a manner consistent with accepted norms and research practices, and that reporting of the 
research findings by scientists will be a fair and honest representation of what the data 
demonstrate.  Advocacy in policy deliberations can raise questions about both the integrity of the 
research as well as of the researcher. For example, does advocacy detract from the objectivity 
and dispassion typically expected of scientists?  When do scientists cross the line from being an 
independent source of valued information to designing or using their research to support some 
preconceived policy preference?  When communicating with the public, what does/should good 
practice require with regard to reporting uncertainties, presenting competing views or 
interpretations of data, and identifying the limitations of the data presented? 

Advocacy also raises questions related to scientists’ second core responsibility, one that focuses 
on their responsibilities to the larger community.  It is the public, of course, that fiscally supports 
science and experiences the benefits, risks, and costs of scientific research and its applications.    
Our society values a plurality of viewpoints in considering public policy options, and there are  
several points in the policy process that scientists can access to contribute their expertise.  Yet, if 
scientists are seen as advocates by others, is there a danger that their views will be discounted, 
and thus lessen their potential impact on policy decisions?  What are the implications of this for 
the public’s need for an independent, objective, and reliable voice on matters of technical 
complexity? 

In its publication, On Being A Scientist: A Guide to Responsible Conduct in Research, Third 
Edition (U.S. National Academies, 2009, p. 48), the U.S. National Academies noted that 
“Researchers have a professional obligation to perform research and present the results of that 
research as objectively and as accurately as possible.  When they become advocates on an issue, 
they may be perceived by their colleagues and by members of the public as biased.  But 
researchers also have the right to express their convictions and work for social change, and these 
activities need not undercut a rigorous commitment to objectivity in research.”   Perhaps not, but 
it is far from straightforward how scientists should act.  The “ground rules” in such contexts are 
quite different from those that operate in science. 

When scientists enter the policy arena, they are often asked to contribute their expertise in 
situations characterized by clashing values, contested “facts,” high uncertainty, and competing 
priorities. It is imperative, therefore, that the scientific community and the larger society 
undertake efforts to clarify the appropriate roles for scientists in a range of policy contexts.  The 
critical question is this: What should a culture of responsible advocacy by scientists look like and 
what factors, internal and external to science, will foster such an environment? 
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At an October 2011 meeting convened by AAAS on the topic “Advocacy in Science” (for the 
full report of the meeting, see http://srhrl.aaas.org/projects/advocacy/workshop/report.pdf), 
participants noted that “advocacy” is virtually absent as subject matter in the education of 
science and engineering students.  For the most part, they expressed concern that if students 
wanted a career which made room for advocacy, or were caught up in policy debates 
“accidentally” because others believed that the results of their scientific research could affect the 
political stakes involved, then they should have access to training in the methods and ethics of 
advocacy.   Meeting participants also pointed out that the public, including policymakers, is 
increasingly asking scientists to explain and defend their research with regard to its value for 
society. For some, this was a compelling reason to train students and scientists in how to 
participate effectively and responsibly in the public arena.   

In considering what instruction on advocacy would include, a consensus developed among the 
meeting participants that serious discussion of the following matters would be useful.  Scientists 
should: 

• Limit science advocacy to their area(s) of expertise and be clear when they are presenting
a personal opinion not based on their formal expertise or professional experience;

• Present information clearly and avoid making exaggerated claims;
• Be aware of and make transparent any conflicts of interest – for example, financial

interests that they or members of their families have or affiliations with advocacy
organizations;

• Identify the weakness and limitations of their argument, including data that conflict with
their recommendations;

• Present all relevant scientific data, not just that which supports a particular policy
outcome;

• Be aware of the impact their advocacy can have on the public’s perception of science;
and

• Make clear when they are speaking as an individual scientist as opposed to acting as a
representative of a scientific organization.

The Challenges Ahead 

There will be challenges for efforts aimed at preserving the integrity of research in light of 
changes in the research and larger environments.  One such challenge is increasing pressures for 
accountability that scientists will confront in the face of shrinking budgets and the competing 
claims from an expanding number of stakeholders who view science as increasingly relevant to 
their core concerns.  A second challenge relates to the growing global nature of science. 

Accountability 

The IOM report Integrity in Scientific Research makes clear the relevance of accountability, 
writing that “Fostering an environment that promotes integrity in the conduct of research is an 
important part of…accountability” (Institute of Medicine, p. 1).  There is individual 
accountability and there is also institutional accountability; both will be under increasing public 
scrutiny in the years ahead.  Among other things, accountability carries with it an expectation 

http://srhrl.aaas.org/projects/advocacy/workshop/report.pdf
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that researchers and their institutions will perform competently and ethically.  When scientists 
falsify data or fabricate results, they waste finite resources and can create the possibility that 
public policy is considered based on their flawed work.   

As noted above, the scientific community, from government to the private sector, has invested 
considerable resources into efforts to improve research integrity.   One might reasonably ask how 
successful those efforts have been.  What has been found to work well and what have been 
shown not to work?  At this time, those questions cannot be answered with any confidence.  As 
the IOM noted several times in its report, “There is a lack of evidence to definitively support any 
one way to approach…promoting and evaluating research integrity” (Institute of Medicine, p. 3).  

This means that the research community will need to address a problem that plagues efforts to 
enhance research integrity, and that is the failure to demonstrate that the resources devoted to a 
range of activities designed to enhance integrity in research, from educational instruction, to 
mentoring, to institutional incentives, have had a positive impact.  While the IOM report did spur 
new federal funding on research integrity, there is still not a body of evidence that would enable 
one to draw firm conclusions about the effectiveness of various approaches to improving 
research integrity, either at the individual or institutional level.   

As the IOM report pointed out, a serious obstacle to the kind of assessment needed is that “there 
are no established measures for assessing integrity in the research environment…” (Institute of 
Medicine, p. 3).  Whatever the reasons for that may be, it seems peculiar that a profession that 
values data and analysis as essential tools of its trade is not able to say, one way or the other, 
whether the effort and resources it has devoted to promoting research integrity has made any 
difference.  That will need to change, and it can begin with examining where an assessment 
might focus and what it would require.   

The IOM report addressed research integrity from the perspective of both individuals and their 
institutions, and ultimately concluded that “Research institutions bear the primary burden of 
promoting and monitoring the responsible conduct of research” (Institute of Medicine, p. 14).  
After all, it is the institution to which funding is awarded;  it is the institution in which the work 
is done; and it is the institution that sets a tone for expected behavior of all its employees, 
including scientists and members of their research teams.  Hence, a good case can be made that 
“the vigor, resources, and attitudes with which institutions carry out their responsibilities will 
influence investigators’ commitment and adherence to responsible research practices” (p. 41).  

Concern with the research environment as a factor in research integrity was not an invention of 
the IOM.  It has been a subject of interest to scholars and practitioners for decades.  There have 
been major empirical studies, such as the 1993 survey of doctoral candidates and faculty from 99 
university departments in chemistry, civil engineering, microbiology, and sociology that raised 
“important questions about the ethical environment of graduate education and research” 
(Swazey, et al.).  There have been commentaries on what we need to do about the research 
environment, such as, for example, creating “an environment in which we have internalized 
honesty in scientists and in which it is okay to reveal mistakes” (Saxe).  Since the IOM report in 
2002, increased attention has been given to what can be done to assess the research environment, 
as reflected in the work of the Council of Graduate Schools and its Project for Scholarly Integrity 
(see http://www.scholarlyintegrity.org/ShowContent.aspx?id=402). 

http://www.scholarlyintegrity.org/ShowContent.aspx?id=402
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Since we know from research in organizational behavior that the work environment of an 
institution “can either inhibit or promote the responsible conduct of research” (Institute of 
Medicine, p. 163), that seems as good a place as any to start thinking about strategies and 
approaches for enhancing research integrity.  Here are three critical research questions: 

• What features should we look for in a “positive research environment”?
• How do we measure them?
• How do we assess their efficacy?

To conduct such an assessment one must focus on both process and outcomes. A “process 
evaluation” is designed to track the activities actually performed and to measure their outputs, 
that is, what they did (e.g., ethics training and recall of specific skills and knowledge).  However, 
activities and outputs have little value, in and of themselves, as measures of effectiveness.  Their 
value is derived based on their contribution to achieving program outcomes.  Having identified 
the outcomes, one can then assess the extent to which an activity achieves its intended results 
(e.g., by measuring changes in the attitudes and behaviors of an institution's employees). So, for 
example, at this stage one could pursue such empirical questions as the following:  Is there less 
or more misconduct (once a baseline is established)?  How often do researchers make decisions 
with reference to standards, procedures, and expectations?  How willing are researchers to seek 
advice?  To report concerns?  How satisfied are those who report their concerns with the 
institution’s response? 

Good questions, but now comes the tough part—applying well-validated measures to assess what 
effects the data show as a response to those questions on research integrity.  There are such 
measures used by business organizations (Cullen and Victor) and the military (U.S. Army), and 
it is quite reasonable to believe they can be adapted to the environment in research institutions.  
More promising, however, is the effort underway to develop and validate an assessment tool 
specifically for research organizations.  The Survey of Organizational Research Climate  (Thrush 
et al.) is, according to its creators, “the first full-scale survey designed to assess research 
personnel’s perceptions of the organizational environment for responsible research practices both 
in one’s general organizational setting and in one’s specific affiliated working group or 
division.”  It has gone through an extensive vetting process and “provides results which would 
allow one to: judge the impact of initiatives to sustain or improve the organizational environment 
for research integrity, and monitor the organizational climate for research integrity over time.”  It 
is not only imperative that scientists and their institutions can be confident that the efforts taken 
are robust; it is equally important that they be shown to be so to a concerned public through 
evidence produced by rigorous assessment.  

Global Science 

It is commonplace today to refer to science as an international enterprise, and the data back that 
up.  In a 2000 study, the RAND Corporation argued that international collaboration “is not just 
increasing but is changing the conduct, organization, and outputs of scientific research around 
the world.”  It concluded that “Scientific research is becoming more globalized,” and that 
“national boundaries have diminishing significance for scientific activities” (Wagner, et al.).  
More recently, NSF recognized this trend in its 2006-2011 strategic plan, stating that “the 
generation of knowledge…takes place in a dynamic, complex and competitive international 
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environment…[and] that today’s research requires globally-engaged investigators working 
collaboratively across agencies and international organizations…” (National Science Foundation, 
2006, p. 1).  On its current website, NSF goes even further, acknowledging that combining the 
“increasing globalization of science and engineering research and education, and the associated 
issues related to the responsible conduct of research within a global context, NSF recognizes that 
projects involving international partners may present special risks and challenges” 
(http://nsf.gov/od/oise/intl-research-integrity.jsp).  

As reflected by the diversity of the more than 300 attendees from 51 countries at the 2nd World 
Conference on Research Integrity held in Singapore in 2010, the ethical issues related to 
scientific research must also be considered globally (http://www.wcri2010.org ). This is so 
because globalization involves the melding of multiple cultures, regulatory systems, and 
institutions, thereby creating the potential for tensions among the values, norms, customs and 
legal frameworks represented by international collaborators, and these variations can lead to 
confusion and misunderstanding of what collaborating scientists can expect of one another.  It 
was in recognition of this “melting pot” that the National Science Board in 2008 declared that 
NSF should “[e]ncourage partnerships with the accountability community so that common 
ground rules can be established in international S&E partnerships in order to minimize both 
misconduct and bureaucratic overhead” (National Science Board, 2008, p. 19).  It further stated 
that “Accountability must be an integral part of planning successful collaborations to assure 
supporters that research integrity is a priority…” (p. 4). 

Accountability takes on increased importance in a world where science is viewed by 
governments as an instrument for promoting diplomatic initiatives that serve policy goals.  For 
example, U.S. Secretary of State Hillary Clinton (2009) has explicitly stated that “science 
diplomacy and science and technology cooperation between the United States and other 
countries is one of our most effective ways of influencing and assisting other nations and 
creating real bridges between the United States and counterparts.”  In this context, research 
integrity means taking into account cultural, normative, legal, and structural differences that 
could affect the relationship among scientific collaborators as well as the potential impacts of the 
research on the local populations.  Failure to do so has led to “cases where the foreign ministries 
or departments of state and embassy officials either curtailed or forbade research, because it was 
perceived that local sensitivities or needs had not been considered…” (Handley, p. 25).  

There is growing recognition that barriers to successful international collaborations include 
“disparate standards for scientific merit review and differences in the infrastructures that ensure 
professional ethics and scientific integrity,” which are “further exacerbated by cultural 
differences that arise from the large range of social perspectives and stages of national 
development” (Suresh, p. 802).  Such “barriers,” however, should not be an impediment to 
global science.  As others have observed, “Global research and collaboration would not be 
possible if every country, institution, and laboratory used different systems for measurement, 
calibrated instruments differently, or changed the basic laws of nature to suit local customs.  The 
same should be true for the systems and standards used to guide and measure integrity in 
research” (Steneck, p. 17). 

A major outcome of the 2nd World Conference on Research Integrity was a consensus Statement 
on Research Integrity (http://www.singaporestatement.org/), which was “intended to challenge 
governments, organizations and researchers to develop more comprehensive standards, codes 

http://nsf.gov/od/oise/intl-research-integrity.jsp
http://www.wcri2010.org/
http://www.singaporestatement.org/
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and policies to promote research integrity both locally and on a global basis.”  The Statement  
was viewed by its creators as “mak[ing] it easier for others to provide the leadership needed to 
promote integrity in research on a global basis, with a common approach to the fundamental 
elements of responsible research practice.”  It remains to be seen what subsequent efforts have 
built on the work at the Singapore Conference, some of which will be presented at the 3rd World 
Conference on Research Integrity scheduled for May 2013 in Canada 
(http://www.wcri2013.org/overview_e.shtml). 

Clearly, “Deliberate institutionalization of both rigorous merit review and infrastructure for 
ensuring scientific ethics and integrity is essential in the international arena” (Suresh 2011).  One 
promising step in that direction is the creation in 2012 of the Global Research Council, a forum 
of representatives from research agencies in 50 or so countries that will seek a “more unified 
approach to the scientific process” (www.globalresearchcouncil.org/meetings#berlin).  At its 
inaugural meeting in May 2012, it issued a Statement of Principles for Scientific Merit Review 
“designed to provide a framework for increased international research cooperation, and to 
convey accepted international standards for science funding agencies” 
(www.globalresearchcouncil.org/meetings#berlin).  The Council also scheduled its next meeting 
for May 2013 in Berlin, where the lead topic will be principles of research integrity. 

Conclusion 

In 1975, AAAS established an ad hoc committee to report on the “conditions required for 
scientific freedom and responsibility” (Edsall, p. v).  The impetus at that time was a strong 
political current that saw science as “complicit in creating national problems rather than in 
solving them” and increasing “public demands for greater accountability by scientists” (Frankel,  
2005).  In the committee’s report to the Association, it declared that “One of the basic 
responsibilities of scientists is to maintain the quality and integrity of the work of the scientific 
community” (Edsall, p. 8).  Fast forward to the 1980s, and continuing to today, and one might be 
inclined to believe that some things never change.   

In some ways, of course, that rings true.  The integrity of the scientific method and its findings 
has always been central to what scientists do and how others perceive science.  That is one 
feature of science not likely to change, at least not with respect to science as we know it.   
Neither are calls for greater public accountability on the part of scientists likely to change, not 
when science is increasingly interconnected with major social, economic, and political issues.  
What does, and will, change, however, is how we handle the threats to the integrity of science 
from within and externally, and how we demonstrate both to ourselves and to the larger society 
that, as scientists, we accept responsibility for what we do, and expect others to hold us 
accountable.  As this chapter has chronicled, scientists in the United States have moved from 
days of denial to a time of acceptance.  We have seen change happen in our individual and 
collective responses to misconduct and how to deal with it.  Now the question is, can we take the 
experience of the past 30 years and apply the same scientific rigor that we do in our research to 
the assessment of research integrity by asking and answering questions about what works, what 
doesn’t, and what’s best?  And can we accomplish that with our peers from across the world so 
that we achieve a truly global practice of science?   

http://www.wcri2013.org/overview_e.shtml
http://www.globalresearchcouncil.org/meetings#berlin
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Science and Technology Policy Professionals: Jobs, Work, Knowledge, and 
Values 

Susan E. Cozzens 

Summary  

Until recently, science and technology policy professionals were trained on the job. But over the 
last few decades, a body of knowledge and skills has been developed that professionals in the 
field can and should draw on in their work. The jobs of S&T policy professionals often combine 
administration, analysis, and research. In all these areas, it is useful for them to have read the 
history of science policy and the literature on research organizations, innovation theory, and 
human resource development. They should be able to turn an ill-defined policy issue into a 
problem that can be tested logically with empirical data. They should be able to write quickly and 
clearly, without jargon, and present their work orally and visually as well. S&T policy 
professionals understand and appreciate the transformative power of science and technology, the 
power to make the world better. As professionals, they have a responsibility to use that 
transformative power on behalf of all of the world's people.  

Introduction 

Four decades ago, when Al Teich started in his career, there was no profession of science and 
technology policy. Research budgets were small, and government agencies made decisions based 
on their best judgments, seldom informed by data or analysis. The science indicators enterprise 
was new, and few countries collected even rudimentary information about their national systems 
of innovation. 

Today the situation is quite different. Since the 1960s, a wealth of information about the science 
and technology enterprise has accumulated. The innovation process has been studied from many 
angles, and the model of how it works has been established, extended, and refined. A young 
person entering the world of research and innovation policy today with the notion of taking up 
this work as a full-time career has a lot to draw on, and therefore a lot to learn. Yet the routes into 
this career are not very different from those that existed earlier. Many young professionals in the 
field still enter it directly from other activities, with degrees in other areas.  

In this chapter, I address the young professional in science and technology policy. The chapter 
covers three topics. First is what young people can expect from a career as a science and 
technology policy professional, based on what the older generation of such professionals has 
experienced. I discuss the kinds of jobs they can expect to get, as well as what kinds of work they 
can expect to do in those jobs. Second, I address what they need to know to be science and 
technology policy professionals, stressing the complementarity between policy research and 
policy practice. Third, I indicate why to take up this career -- what values science and technology 
policy professionals embody. 
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Careers in S&T Policy 

As preface, let me draw a distinction between two types of careers in science and technology 
policy. One begins when someone reaches the forefront of research in a field of science or 
engineering, or more rarely the social sciences. After achieving research notability, those 
following this path become leaders in their universities, or perhaps professional societies, then 
start "committee careers," sitting on peer review panels, advisory boards, committees of 
organizations like the National Academy of Sciences. Eventually they may move into positions 
on (in the United States) the National Science Board or the President's Council of Advisors on 
Science and Technology.  

Science and technology policy professionals work closely with the people in this career path over 
the years, and the two groups have much in common; and yet there are important differences. 
There is no formal term for the people in this first career path, but since in this chapter I am 
discussing the careers of S&T policy professionals, for the purposes of this chapter only, I will 
refer to them as "the amateurs." This term is not intended to be derogatory. The people I am 
referring to are people of great experience, great wisdom, and often, great vision. But their "day 
jobs" are elsewhere. They move into the world of science policy quite regularly, but they do not 
live there.  

In contrast to the amateurs, S&T policy professionals are steeped in the knowledge base of the 
field; trained in the techniques of analysis; and carry a special public responsibility, one that is 
different from the public responsibility of the amateurs. Many of them will have studied with Al 
Teich’s textbook when they were undergraduates. Very seldom are the roles of amateurs and 
professionals in S&T policy combined. Only a few examples come to mind. One is a woman who 
both serves as director of a division of the American Association for the Advancement of Science 
and has been a member of two national science advisory boards in the U.S. Another example is a 
chemist by training who took a year during her committee career to study at a policy research unit 
to study the knowledge base underlying S&T policy. She became president of a liberal arts 
college. 

One might think that we could divide S&T policy professionals into those that spent their careers 
in academe and those that spent them in government. Several decades of real careers, however, 
indicate that this neat line could not be drawn. Some illustrations follow of people in the field and 
how they have moved through their careers. These careers give the flavor of the exciting work 
that is available in this fledgling profession. 

• Ph.D. in cell biology from Princeton. AAAS Congressional Fellow. Budget examiner
and later branch chief at the Office of Management and Budget. Vice president for
research and graduate studies at a technological university. Then back to government
as head of the Office of Research and Development at the Environmental Protection
Agency. She is currently provost at a regional university.

• B.S. in physics, Ph.D. in political science. Held three university positions before
coming to AAAS, at Syracuse, SUNY, and George Washington Universities. He has
been head of the science policy staff at AAAS for more than two decades.
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• Ph.D. in sociology, with a dissertation on the shape of scientific careers. Professor at
Wake Forest University, and Congressional fellow in the late 1980s. At one point
Chair of the AAAS Committee on Science, Engineering, and Public Policy and
publishing on the careers of the pioneer generation of African-American chemists and
chemical engineers.

• The exception that proves the rule: this person has a Ph.D. in economics, and has
spent his entire career in the university, and in fact at one university, Penn State,
where he was Director of the Institute for Policy Research and Evaluation. Throughout
his career, he has been a policy analyst, working on one study after another of the
effects of federal and state programs on innovation.

• Ph.D. in philosophy. Head of the Center for the Study of Ethics in the Professions at
the Illinois Institute of Technology. Also primarily an academic, but she came to
Washington for two years as a program director at the National Science Foundation.
She has worked extensively with engineering professional societies on ethics issues.

• Ph.D. in sociology. Reached full professor status at Georgia Tech before moving to
the Office of Technology Assessment in the mid-1980s. Since leaving OTA, this
person has held two senior positions at the National Science Foundation, spent time at
the Office of Science and Technology Policy, and at NACME, the National Action
Council on Minorities in Engineering.

• Ph.D. in chemistry. Congressional staffer and OMB budget examiner, before going to
DuPont as a senior manager. She returned to government in the 1990s as Deputy
Assistant Secretary at the Department of Energy with responsibility for DOE waste
management. She is then moved into the non-profit world, as program officer for a
program of industry studies at the Sloan Foundation.

These real, live people illustrate the kinds of careers young policy professionals are moving into. 
First, they show the range of disciplinary backgrounds that folks bring into this field, from the 
sciences and engineering through the social sciences and right into the humanities. Second, they 
show the movement among positions, in different sectors, including an in-and-out-of-government 
pattern that places them in many different kinds of jobs across government. Third, they illustrate 
the wide range of jobs outside government that this field opens up, in private industry, non-profit 
organizations, and universities. 

The work of S&T policy professionals 

What do these people actually do in their work? The mix of tasks varies from job to job, but in 
general involves some combination of administration and management, analysis, and research. 

In their administrative and management roles, S&T policy professionals participate in the 
decision processes of research-related organizations of various kinds. Their lives may be endless 
meetings, but they are nonetheless using their knowledge, skills, and concepts to shape the world. 
For example, when I was at NSF in the 1990s, I was part of the senior leadership team, 
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participating in strategic planning and program development. This work was combined with 
leading the main jobs of my office, namely, designing a planning and assessment system for the 
foundation and exploring options in the peer review process. The budget examiners' jobs are 
another interesting example -- quiet, behind the scenes, yet highly influential through the quality 
of information gathering and advice to budget decision-makers. 

The second job, analysis, is a bit harder to define. The policy sciences have been trying to do so 
for decades. My view of analysis is shaped very much by my experience as a practitioner of the 
art, as a junior policy analyst at NSF in the early 1980s. A policy analyst brings systematic 
information to bear on policy decisions. Because the analyst is generally asked to do this on a 
short turnaround basis, she works largely with existing data and existing research. This means 
that he needs to know his databases really well, and also know the literature in the area of his 
analysis. The analyst organizes existing information in a way that responds to policy questions. A 
key skill is being able to take the fuzzy, ill-formulated question that is in the mind or on the lips 
of an amateur or a decision-maker, and translate that into a problem that can be addressed with 
data. The outputs of the analysis process are sometimes written, and when they are written, they 
need to be short, readable, to the point, and practical. More and more frequently, those outputs 
take the form of oral and visual presentations, so the skills of speaking simply and presenting data 
visually are becoming more important in this part of the S&T policy professional's work. 
Analysis is rooted in the work of S&T agencies themselves, but extra-government, non-profit 
units also get drawn into the work, often through medium-term projects. For example, Institute 
for Defense Analysis's S&T Policy Institute and SRI's S&T Policy Program do lots of work 
directly for the policy analysts inside government. 

The fact that the analyst's job is short-term does not mean that it is without a conceptual basis. I 
think it is very important for us to understand that whether we think about this conceptual basis or 
not, we are using one. If we do not think about our concepts, then we are probably using the 
received wisdom as our conceptual framework – that is, frequently, the amateur's view of the 
world. It is a practical necessity of our work that we not get too far away from the conceptual 
framework of those we work for. If we do, they will not follow. This also means, however, that if 
you want to change that conceptual framework, you need to work for a visionary who shares your 
goal.  

In the United States, we have at least one prominent illustration of this in the relationship between 
a Congressional staffer and a strong-minded member of Congress. The staffer wrote speeches for 
the Member, but we can imagine that they also had many mutually stimulating conversations 
about the way science policy was done. The Member undoubtedly learned from the staffer, and 
the staffer got the chance to articulate some ideas for delivery by a powerful spokesperson. Our 
S&T policy world was moved by the combination of their talents. 

An obvious source for a view of the S&T policy world that is somewhat different from the 
received wisdom is the conceptual base of the field itself. This brings us to the topic of policy 
research. Policy research builds the knowledge base that S&T policy analysis uses in its short-
term work. First, it develops concepts. In our field, the decades-long development of innovation 
theory illustrates. Second, it develops methods. The methods base of research evaluation 
illustrates. For instance, when analysts present patent and publication data, it looks easy. But in 
fact, the analysis is made possible by decades of development both of databases and of ways to 
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analyze them. This development task has been spread across private firms, academic units, and a 
range of other academic, non-profit, and for-profit organizations engaged in policy analysis over 
the years.  

Finally, policy research is necessary for the analytic tasks that require long-term empirical 
studies. In this field, career studies illustrate. The large-scale analysis we are used to requires 
much painstaking work with huge databases and knowledge of the sophisticated statistical 
techniques that are necessary to tease patterns out of them. Without policy research, we would 
know much less in this area. For example, in the United States, we gather data on scientific 
careers starting with a sample of people who have just received their doctorates. These people 
then receive follow-up surveys periodically for the rest of their lives. Combining the data from 
the various surveys into a form that can be used for analysis is a huge task, and the large numbers 
of people involved requires knowledge of sampling as well as mastery of statistical techniques 
like event history analysis.  

Thus, the lifestyle of the policy researcher contrasts with that of the policy analyst. Her projects 
are longer-term and larger-scale, and her knowledge base is more cumulative, requiring footnotes 
into a literature. The projects done at non-profit organizations sometimes contribute to that 
literature, but policy research really requires an academic base as well if it is to succeed in its role 
in the overall profession. It also requires funding, which has been in scarce supply in the last 
decade in the United States for this field. Luckily, governments in Europe, Japan, and South 
America have been investing heavily in the human resources and knowledge of S&T policy over 
the last two decades. So policy analysts in the United States have the work of excellent colleagues 
to draw on from outside the U.S., as well as the results of a hardy band here. 

The knowledge base 

What is in this knowledge base? What do you need to know to be an S&T policy professional? 
Several years ago, I had the privilege of co-teaching a class with David Roessner, a member of 
the "older generation" in the field. In fact, this was his last class before he retired from teaching at 
Georgia Tech (he has continued in his research relationship with the campus). The class was a 
capstone course for Ph.D. students in S&T policy, and to prepare its syllabus, we had to put 
together a reading list that reflected what we thought our students should know before we sent 
them out into the professional world I have just described to you.  

Dave and I had never actually worked together, although we had known each other for many 
years, yet it turned out that we had a very good shared sense of the books that should be on that 
list. We included 

• A few good overviews of the U.S. system, for example by Barke (1968), Lambright 
(1986), and Price (1968). The overviews describe a pluralistic system of decision-making 
and funding. The six major research-funding agencies have grown up over time, each with 
its own history and political constituencies, and their budgets still go through different 
parts of Congress for approval. This decentralization gives researchers many opportunities 
for funding, but largely prevents a unified, coherent view of "science policy."

• Histories of U.S. science policy and of the research university, for example 
by DuPree (1964), Kevles (1978), Morin (1993), Greenberg (1968), and 
Geiger (1986). DuPree describes the growth of
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government laboratories, and Geiger the growth of "the research university," a 
particularly important component of the U.S. national innovation system. The tension 
between the goal of exploring fundamental knowledge and solving specific problems 
appears throughout the books. In successive waves of policy focus, research in the 
United States has been supported for capacity building, for environmental and social 
problem solving, and for economic competitiveness. What will the next wave be? 

• A set of books that represented new thinking and critical perspectives, for example by 
Chubin and Hackett (1990), Gibbons et al (1994), Stokes (1997), Sarewitz (1996), 
Shapley and Roy (1985). These authors describe the new forms of research organization 
are emerging, especially bringing disparate disciplines together. They describe the strains 
these developments place on old institutions, like peer review, and offer some alternative 
frameworks for seeing the perennial problems of science and technology policy from 
new angles.

• A few weeks of reading in innovation theory, from classics by Gibbons and Johnston 
(1974), Nelson and Winter (1977), Pavitt (1976), and Rosenberg (1982), through more 
recent work by Mansfield (1991), Freeman (1992), Mowery (1992), and Branscomb 
(1998). Focused largely on the innovation process in private firms and how government 
policy affects it, this literature paints a detailed portrait of a complex process of 
interaction. Research creates a knowledge pool as a resource for the innovation process, 
and local interaction strongly shapes the uptake of that resource into the production of 
new products and processes.

• Writings on science for policy, that is, the use of expertise in government decision making 
in other areas, like energy and environmental policy, including works by Jasanoff (1990), 
Nelkin (1992), and Morone and Woodhouse (1986). These authors describe that while 
government officials and the public both want a high level of technical expertise to be used 
in government decision making, the political volatility of many science-intensive areas of 
government create the conditions for competing scientific judgments and thus loss of 
credibility. Technical expertise does not solve the problems of uncertainty, and government 
must develop methods for proceeding cautiously.

• New growth theory, including Romer (1994) and David (1992). This literature is analyzing 
the dynamics of the knowledge-based economy. Does this new economy have new rules as 
well?

Our Georgia Tech colleagues expanded the list with readings in high-technology development 
strategy and technology assessment; and if we were doing it again, we would add a week's 
readings on careers and human resource development for S&T.  We also found several areas 
missing from the literature. We had a hard time locating books or articles in comparative S&T 
policy, even though the international network of S&T policy professionals has strengthened 
considerably over the last two decades; thus the lack of readings on Europe, Asia, or Latin 
America in the list above. We observed that the literature was long on concepts but short on 
illustrations of actual S&T policy programs in action, and we realized that we had built up our 
knowledge of programs over the years through participating in the emerging issues of S&T policy 
analysis. Both these are gaps I hope that scholars in the field can fill in the years to come. 

In addition to having a sense of this knowledge base, of course, S&T policy professionals also 
need certain kinds of skills. I have hinted at these earlier in this chapter. They need the skills of 
the analyst: setting up a problem for analysis, evaluating and presenting data, and clear, simple 
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communication, in written and oral form. For example, when I was a junior analyst, we were 
asked to study the need for funding for university research facilities. We broke the topic down 
into several questions. First, we had to sort out what we would mean by "need." Was it sufficient 
that a university asked for a facility, or was there another standard that should be applied? How 
much was present research being disrupted by lack of funds to maintain present facilities? 
Second, we studied the current flow of money to support facilities renovation, burying ourselves 
deep in the details of indirect cost reimbursements. Calling on our graduate training in survey 
design, we designed a survey to gather data on the first question, while we did the legwork on the 
second. Finally, we brought our findings together into a ten-minute oral presentation with 
graphics display to a subcommittee of the National Science Board. 

Analyses like these are the bread-and-butter of policy analysis. The criteria for doing them well 
form the methodological canon of our field, and should be subject to professional standards. My 
experience is that the standards are high indeed, and that we do a good job of enforcing them.  

Finally, I commend to readers a habit of mind that makes the difference between a good policy 
professional and a great one. That habit of mind is to keep the big picture in view, to watch trends 
and develop a sense of underlying dynamics in the enterprise. The amateurs in S&T policy can be 
particularly useful in this, and I urge you to use your partnerships with them to help you keep 
your head up and see where we are all going.  

For example, it is common to assume that government policy in S&T is aimed at improving 
industrial competitiveness. You might be tempted in what you do to confine your attention to 
detailed studies of exactly how that improvement occurs, through technology transfer or 
university-industry cooperation. If you did, however, you would be missing the larger public 
purposes of research, including the spread of a culture of science and increasing the general 
knowledge base of the public. And you could be missing the consequences of industrial 
competitiveness for the citizens of the world, in the form of global patterns of job creation and 
job shift. True, these items may not be footnoted in this week's policy analysis for your boss; but 
if you as an S&T policy professional are not thinking about them, who is? 

Value of and values of S&T professionals 

Now that we have explored what science and technology policy professionals do, it is time to stop 
and ask the question: Why do it? What values are we embodying when we work in this field? 
What are we investing our lives in?  

The investment metaphor is very useful in thinking about our lives. We "spend" our time, and if 
we are paying attention, we try to spend it on things that will create momentum for the kinds of 
things we want to see happen in the world. Personally, I have "sunk costs" in S&T policy at this 
point, and will certainly spend the remaining years of my career using the knowledge I have built 
up here to accomplish objectives that I value. But young professionals in this field have a whole 
different investment decision to make. They are just starting. Is being an S&T policy professional 
the kind of thing they really want to spend their time on? To answer that question, it is useful to 
know what values the profession stands for. In conclusion, let me offer a personal viewpoint on 
that topic. 
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First, S&T policy professionals believe in the transformative power of science and technology. 
We believe that S&T can make life better for all of humankind. This view may be controversial, 
but I think there needs to be a little "gee whiz" about science and technology in every S&T policy 
professional -- a sense of how much S&T can change our worlds. My dissertation was about a 
discovery in the neurosciences, and I chose that topic precisely at the moment I realized how 
fascinated I was with the idea that brain cells communicate with each other through chemical 
messengers. Without that fascination, I don't know that I would have had the spark to do that 
particular piece of research. 

But having a little "gee whiz" in us does not mean that we need to be uncritical of the S&T 
enterprise. In fact, as professionals, we have just the opposite responsibility. We have to maintain 
our professional standards in data analysis, as I have already pointed out; we must remain true to 
the data in what we report. But we also have a responsibility to stand outside the enterprise and 
give it a hard look, precisely because we believe in the transformative power of that institution. 
It is patently true -- has been in my career, will be in the careers of today's young professionals -- 
that science and technology do not live up to their full potential for making life better for all of 
humankind. This is because the S&T that actually gets done reflects not an optimized answer to 
the question of what is needed, but the real-world outcome of a process of struggle among various 
interests, played out through public and private decision-making processes. These interests, all of 
which are legitimate, include: 

• The interests of private firms in making a profit
• The special interests of segments of the organized public, for example, the breast

cancer lobby
• The general interest in economic development voiced through elected

representatives
• The interests of researchers and research organizations themselves
• And the faint voices that express the interests of the world's poor, most of whom live

outside the United States but whose lives are strongly influenced by what we do in
S&T policy here.

It is a fact of life that you as an S&T policy professional will work for an organization that 
represents one of these interests. To do a good job and have a successful career, S&T policy 
professionals need to represent that organization's interests. But at the same time, as 
professionals, they have a special responsibility to the public. It is part of their job to make sure 
that S&T produce as much benefit as they can for all of humankind through the actions and 
activities of the organization you are working for. To some extent, they will carry out that 
responsibility through the concepts and assumptions they carry into their work.  

Equally importantly, young professionals have a chance to articulate alternative forms of action 
in their various jobs, choices that their organizations make that can produce more or fewer 
benefits for the world's people. Very importantly, they invest their lives in a set of values by 
choosing which of those various organizations they work for. Let me offer this advice: Before 
you take a job, study the mission statement of the organization you are considering, to see 
whether it matches what you want to accomplish with your life. And quiz the people you are 
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working with about what they care about. If it is not what you care about, you may be looking at 
the wrong job. 

In summary, then, I see three central values in the work of S&T policy professionals: 

• The transformative power of science and technology,
• Sound analysis and critical perspective, and
• Public benefit

The joy of this work – the pleasure of this very rich and fascinating professional community – is 
that the combination of these three values produces a great diversity of specific views that can be 
carried out in a wide variety of jobs. The career of a science and technology policy professional is 
not only challenging and interesting, but also has high impact. 

------- 
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The Science of Science Policy Considered Historically and Prospectively

Irwin Feller 

Introduction 

In the few years since Dr. John Marburger III’s call in 2005 for a new science of science policy, 
the phrase has become a staple of policy discourse, as well as a reenergized, productive research 
program.  Science of science policy is the thematic title of the National Science and Technology 
Council’s Committee on Science 2008 report, The Science of Science Policy: A Federal 
Research Roadmap, and the overarching focus of the Committee’s subsequent symposia and 
activities.   Advancing the science of science policy is the raison d’etre for the National Science 
Foundation’s Science of Science and Innovation Policy Program (SciSIP). Established in 2006, 
by 2012 the program had made over 150 merit-reviewed awards through 5 rounds of competitive 
program solicitations, providing support for established scholars while also attracting the interest 
of new cohorts of researchers with their distinctive novel perspectives and techniques.  Also, 
already in print is The Science of Science Policy: A Handbook, an informative overview of the 
present state of knowledge and an outline of future research needs. Most importantly perhaps, 
symbolizing the relevance of a call articulated during the George W. Bush Administration but 
sounded again by the Barack Obama administration, the Office of Management and Budget in 
2009 issued a memorandum to executive departments and agencies calling upon them “to 
develop ‘science of science’ policy tools that can improve management of their research and 
development portfolios and better assess the impact of their science and technology 
investments”. 

Recounting this recent history in a festschrift in honor of Al Teich’s contributions to the study of 
science and technology policy as a scholar and long term director of the American Association 
for the Advancement of Science (AAAS) Office of Science and Technology Policy serves both 
retrospective and prospective purposes. Retrospectively, it extends recognition due both to him 
and to AAAS for the roles they played in sustaining federal government interest in science and 
technology policy in the years prior to Dr. Marburger’s catalytic call.  For it is no coincidence 
that Dr. Marburger chose the AAAS’s Science and Technology Forum, and a Science editorial, 
“Wanted: Better Benchmarks,” among the major forums to issue his call for new theories, 
models, data, and benchmarks to better assist federal government policymakers in deciding how 
much and where to investment federal resources in science and technology and how better to 
assess the returns from these investments (Marburger, 2011). It was but recognition of AAAS’s 
longstanding attention to these issues as well as its distinctively broad engagement with the 
spectrum of actors and organizations engaged in science and technology policy-making. 
Prospectively, the connection highlights potential role for AAAS in building and maintaining the 
community of practice, or what Dr. Marburger termed a “network of high-quality 
communication and discussion that can encompass all science policy stakeholders” (op. cit,  p. 
20) that is needed to  convert and disseminate  findings emerging from ongoing research into
policy-relevant recommendations and advice. 
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A Retrospective View From AAAS 

a) Old Questions Seeking New Answers

Historically, over a period of more than 30 years, allowing for the numerous occasions and in 
multiple forums in which national science and technology policy issues have been discussed, 
debated, and analyzed, AAAS’s annual Forum on Science and Technology Policy (known 
originally and until 2002 as the AAAS Colloquium on R&D Policy) has provided a 
comprehensive and inclusive setting for the airing and examination of the issues identified in Dr. 
Marburger’s call.  Traditionally opened with a keynote address by the Director of the White 
House Office of Science and Technology Policy followed by an analysis of the projected Federal 
government budget for research and development, the agenda topics discussed over the years at 
these forums represent a real-time recording of the emergence, form, and saliency of the specific 
science and technology policy issues with which policy makers, scientists, administrators, and 
others have had to contend.  Archival evidence on the agenda topics is available in the contents 
of the AAAS Colloquium Proceedings published between 1978-1990, and in an expanded format 
in the AAAS Science and Technology Yearbook published between 1991-2003.  

Not surprisingly, there is an episodic, time-dependent quality to the content of these volumes.  
Specific issues leap to center stage, becoming the cynosure of debate and inquiry, such as the 
role of and funding for national laboratories (1992), the future of energy research (1995), or  
policies relating to genetically modified organisms (2001). They then recede to the side wings or 
back stage, not necessarily because they are fully resolved but because either enough is done to 
draw the sting from them, making them for better or worse part of the larger context in which 
U.S. science policy is conducted or other issues emerge. 

Other issues however occur with regularity, changing over time mainly in how they were labeled 
and the force, positive or negative, underlying how they are presented.   Table I, distilled from 
the titles of sessions (and chapters) from these volumes for the period between 1991- 2002, 
illustrates the recurrent longstanding nature of these problems.  (Even some of the stylistic 
flourishes are the same as contemporary formulations, as suggested by the title of Joseph Palca’s  
1991 presentation, “Indirect Costs: The Gathering Storm”.)   
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Table 1. Perennial Practical Science and Technology Policy Issues 

Perennial Practical Science and Technology Policy Issues 

Searching for a New Social Contract The New Budget Process: How It Will Work 
(or Not Work) 

Choosing Among Disciplines What Science Indicators Can Tell 
Policymakers 

U.S. Technology Policy Is Social Rate of Return a Useful Metric for 
Federal Policymakers? 

Shortfall of Research Support/Has Academic 
Science Growth Too Big 

Indirect Costs: The Gathering Storm 

State S&T Initiatives in a Time of Fiscal Crisis Changing Priorities of Industrial Research 

Source: Compiled from AAAS Science and Technology Policy Yearbooks, 1991-2002 

Reduced to their analytic essentials, the perennial topics reduce to four questions that policy 
makers must answer (or make decisions about). They are:   

• How much to allocate for science and technology (research and development) (as a
percentage of gross domestic product/percentage of the federal budget)?

• How much to allocate to alternative ends/missions/agencies/fields?
• Who should perform the above-determined research (selected by what criteria)?
• What are the distributional impacts of federal investments in science and technology?

Answers to Questions 1-3 inherently entail resource allocation decisions, which accounts for the 
heavy use of economic language and analytic approaches in recent discourse on Federal science 
policy, for Dr. Marburger’s initial reference to the need for simulations akin to econometric 
models, and for the recurrent tendency to conflate science policy and budget policy (Stephan, 
2012, esp. 235-241).  How these questions are answered shapes the foundations and structures 
atop and around which other science and innovation issues are debated and resolved.   

Question 4 has a different underlying cast. Its focus is the distributive impact of the Federal 
government’s investment in science and technology on different demographic groups, industries, 
regions, and ultimately the extent to which publically funded research  produces societally 
needed or desirable outcomes and for whom.  As with the resource allocation questions, concern 
about and research on the distributive and societal impacts of the national investments in science 
and technology are longstanding, albeit separated from or at times marginalized where and when 
the three resource allocation questions are under discussion.  The question of distributive or 
societal impacts for example are not explicitly posed in Dr. Marburger’s initial call.  Posing it 
here is to assert its place within the purview of a science of science policy and the inclusion of its 
adepts within the larger community of practice.     
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b) Why Now?

Citing the earlier and perennial character of these issues is not to diminish the sense of urgency 
contained in Dr. Marburger’s calls. Rather it is to pose the question, why now?  If the above core 
questions are of such longstanding, why has the call such a considerable contemporary policy 
and programmatic impact when similar earlier calls failed to do so.  Have fundamental federal 
policies, including expenditure levels for science and technology, changed dramatically? Have 
new science and technology issues surfaced that differ so significantly from past ones that the 
theories, models, and data that underlay past and contemporary policies are obsolete, thereby 
producing ineffective or misleading guides to action? Or what?  

Given the importance and perennial practical nature of the above questions, one would have 
thought either that they had been satisfactorily answered in the past or that efforts to produce 
more satisfactory answers would have been a continuous process. Neither condition holds, 
however.  That the current state of knowledge is widely perceived by policy makers is evident in 
the almost plaintive tone in Dr. Marburger’s calls, which but echoes similar tones found in 
numerous antecedent federal agency or congressional endeavors to formulate rigorous yet 
actionable algorithms for setting research priorities at both the national and agency-specific 
level.    

For independent reasons but with overlapping consequences, efforts to provide federal science 
and technology decision makers with  new and improved answers to these questions  have  been 
episodic, limited, and fragmented, and where conducted, not closely connected or readily 
communicated to policy makers. To a striking degree, U.S. science and technology policies and 
the debates surrounding their formulation and impacts are largely based on an intellectual capital 
stock that dates to the late 1950s and 1960s. This was the period when Arrow, Nelson, Solow, 
Abramovitz, Mansfield, and Griliches, to cite only a few of the major contributors , first authored 
their seminal pieces on the economics of basic research, the contribution of productivity change 
to national economic growth, social rates of return to R&D, and the diffusion of innovations. 
Consider for example that the opening paragraph of the influential National Research Council 
report, “Rising Above the Gathering Storm,” contains the (dated) statement that “economic 
studies …have show that as much as 85% of measured growth in U.S. income per capita was due 
to technological change,” citing as references the work in the middle 1950s of Robert Solow and 
Moses Abramovitz (National Academies, 2007, p.1).1 

Systematic, government-wide efforts to build a knowledge base to address the above four 
questions however waned in the early 1980s, when NSF, the sponsor of a goodly part of the 
research cited above, reduced extramural programmatic support for the economics of research 

1 Abstracting from ongoing refinements of empirical estimates, the continuing importance of this intellectual capital 
stock on contemporary science and technology policy making cannot be overstated. Conversion of the theoretical 
and empirical findings from this body of work into the core premises upon which contemporary U.S. science and 
innovation policy is based constituted an historical intellectual and policy revolution.  Dating back to the early 
national period and extending well into the 20th century, federal government policy was to eschew support of basic 
research and to support applied research projects directed at mission-oriented needs or economic development 
opportunities (DuPree, 1957; Smith, 1990).  Contemporary policies are based on a broad bipartisan consensus about 
support of basic research, while fractious disagreement exists about federal research and development programs 
redolent of industrial policy, such as NIST’s former Advanced Technology Program. 
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and development.  Research related to the questions of course continued, but more so in the form 
of discrete research projects that, while adding or modifying existing propositions, were singly 
too narrow to affect policy. Increasingly too, the work took the form of agency-specific program 
evaluations.  The cumulative effect over a period of approximately 30 years has been a steadily 
increasing but largely disconnected body of research about the impacts of selected federal 
government science and technology programs.  The challenge posed by this work was that it 
tended mainly to provide evidence of the effectiveness of specific agency programs or projects or 
the scientific, technological or societal benefits just awaiting increased support for specific 
disciplines or specific knowledge-generating sectors. The result was, and continues to be, 
steadily increasing demands upon the federal budget for support of science and technology that 
were (and are) not supportable, creating the resource-allocation/priority-setting situations 
confronted by Dr. Marburger and those in related positions. Moreover, the agency- or program-
specific nature of these studies provide little guidance to policy makers about the comparative 
effectiveness of alternative programs, especially when trade-offs between them are manifestly 
obvious, as in the effects, say, of the recent increases in the set-aside percentage for the Small 
Business Innovation Research (SBIR) program on the funds available for NSF and NIH to 
support extramural academic research. 

Two possible explanations for the question, “Why now?” can reasonably be summarily 
dismissed. First, despite lamentations about reduced rates of increase or actual real decreases in  
selected agency budgets,  no “crisis” exists either in federal funding for science, especially basic 
research, or in a perceptible waning of bipartisan support for science. In the current environment 
characterized by austere budget scenarios and divisive, partisan, ideologically-suffused battles 
within the Congress and between the Congress and the President about the proper size and scope  
of federal government involvement in the economy, bipartisan support for research continues 
relatively unabated. As headlined in a recent Science article, “Research Remains a Favored Child 
in Budget Decisions,” with the data in the article documenting that “Science has not only held its 
own but actually done better than the rest of the federal budget” (Mervis, 2012). 

Second, no substantial paradigm change has occurred. Certainly specific empirical estimates 
have undergone continuous revision (as, for example, the substantial reductions in the percentage 
of per capita income growth attributed to technological change following a finer grained 
analytical and empirical reallocation of the unexplained portion); and key theories have 
undergone refinement and revision, as in the cases of the newer theories of endogenous 
economic growth, increasingly sophisticated “chain-linked” theories of the diffusion of 
innovation, and a shift from a market failure to national innovation systems rationales for 
justifying government support and composition of science and technology (Nelson, 2009).  The 
core theoretical propositions of this intellectual capital stock cited above have stood up well.   

How then to account for the new, heightened interest? One obvious explanation is the 
ascendancy of the new public management paradigm, with its accoutrements of accountability, 
performance measurement, and evidence-based decision-making, as represented by the 
Government Performance and Results Acts of 1991. Incorporation of this paradigm in the forms  
of legislation, policy, and DC-speak have placed new demands on the nation’s scientific 
enterprise, as they have for all public sector-funded activities, to demonstrate that they are 
yielding the maximum  possible rates of return on public investments. It is not however that 
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these demands are either new or even more insistent than in earlier periods. Rather it is that the 
evidence that is being called for to satisfy these demands has changed, or at least is being 
required in different formats.  Increasingly, “evidence” is being defined and required in terms of 
quantitative measures, challenging where it is not displacing traditional reliance on expert 
judgment and case histories in championing the need for public investments in science and 
reporting its accomplishments. As Largent and Lane have recently observed, the lack of 
scientific tools and data to support a “faith in publicly funded science or to help guide policy-
makers weigh future investments” has led to a reliance “on anecdotes or localized studies that are 
frequently written to justify, rather than describe and analyze, federal science investments” 
(Largent and Lane, forthcoming).     

These demands could not be met, however, were it not for complementary advances in the 
supply of the type of evidence being sought. (Or in the form of a Say’s Law of policy 
formulation, with the supply of data creating its own demand for its use.) Tied to the increased 
standards for what constitutes objective and politically credible evidence are the increasing 
accessibility and availability of data as well as new methods for linking data sets. This 
availability increases the confidence of researchers that they are able to respond to policy-maker 
demands for evidence that investments (or inputs) can be reliably and validly connected to the 
desired or intended outputs, outcomes, or impacts.  

Important parallels to the rise of other scientific fields exist here. Describing his path-breaking 
work with Amos Tversky that led to his receiving the Nobel Prize in Economics, Daniel 
Kahneman has written: “As is common in science, the first big breakthrough in our 
understanding…was an improvement in a method of measurement” (Kahneman, 2011, p. 53). 
Much the same dynamics seems to be underlying support for and expectations of a new science 
of science policy. Recent years have seen major revisions and expansions in the statistical 
surveys administered by NSF and the Bureau of Census which provide much of the foundational 
data employed by federal science policy makers to assess the needs, opportunities, performance, 
and standing of the U.S.’s science and innovation enterprise. These advances include revised 
surveys of industrial research and development expenditures, fledgling efforts at an innovation 
survey comparable to the Common Innovation Survey employed by the European Union, and 
expanded coverage of topics related to technological transfer from the university survey 
(National Academies, 2012).  

Building atop these revisions and expansions have been major advances in linking these surveys.  
Zucker and Darby for example have observed that no single database can capture and link  
innovation to impacts related to it, “but with links to impacts even a relatively narrowly focused 
database can be very valuable” (2011, p. 242). A prominent example here is the Star Metrics 
(Science and Technology for America’s Reinvestment: Measuring the Effect of Research 
Innovation, Competitiveness and Science) Level II initiative now under development by a 
consortium of federal agencies in cooperation with universities and their national organizations 
(Lane and Bertuzzi, 2011). The initiative seeks to develop a data infrastructure to measure the 
impact of federal science investment on economic growth (through patents, start-ups firms, and 
other measures), workforce outcomes (through student mobility and employment), scientific 
knowledge (publications, citations), and later to social outcomes (e.g., health, environment). 
These efforts hold considerable promise both for policy-making and for research. 
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Yet another complementary contributing factor has been what Angrist and Pischke (2010) have 
termed a credibility revolution in empirical economics. This revolution, seen in increased use of 
random assignment or quasi-experimental designs in assessing the impacts of federal programs, 
has increased the “policy relevance and scientific impact” (p.4) of the resulting 
empirical/econometric evidence.   

Science administrators, researchers, and others who have managed or studied processes and 
linkages among scientific discovery, technological innovation, and societal impacts have had 
longstanding and well-documented concern that political pressures emanating from the new 
public management paradigm are spawning the production and use of performance or rate-of-
return measures on public investments in science that are partial, at times simplistic, guides to 
policy-making because they did not accurately account for the non-linear, circuitous, time-
variable and context-dependent nature of underlying processes of scientific discovery or 
technological innovation (Feller, 2011).  The combination of higher quality, interconnected data 
sets and higher standards of research design and analysis are serving to moderate, at least 
somewhat, these concerns. 

A Prospective View 

The above observations link the present to the past. They also lay out future challenges for the 
science of science policy if it is to achieve its objectives of a), contributing to better informed 
decision making, b), maintaining credibility as a research program, and c), building a community 
of practice between and among different clusters of federal policy makers, research 
administrators, and researchers. Perspective thus is much needed on what is expected from a 
science of science policy and/or what it can reasonably be expected to produce.  

Three challenges in particular need to be addressed: (1), the match between the questions asked 
by policy makers and those being addressed by researchers seeking to advance the science of 
science policy; (2), the acceptance, expansion, and relevance of a science of science policy for 
congressional as contrasted with executive agency policy makers; and (3), the inclusion of 
working scientists into activities directed at building a community of practice. 

The first challenge is to achieve a meshing of the questions posed by policy makers, especially 
the 4 noted above, and the questions addressed by researchers in their funded studies.  The 
challenge surfaces from an informal review of the portfolio of research projects currently being 
supported under the science of science policy initiatives.   Wide-ranging and technically 
innovative as are the elements in this portfolio, with considerable potential  both for advancing 
fundamental understanding of underlying processes of scientific and innovation processes and 
contributing to analytically more precise and empirically improved understanding of several 
contemporary science and innovation policy issues, the degree to which the current composite 
research agenda satisfactorily addresses the questions of how much, which areas, what 
mechanisms, and with what impacts remains to be determined. 

At one level this is not surprising. The four questions are complex, possibly intractable. For 
example, how much to allocate among research fields is a perennial practical problem, one for 
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which many rules-of-thumb, but few scientific guidelines, exist (National Academies, 2007). 
Perhaps recognizing the formidable challenges in articulating a theory of scientific progress that 
allows prediction of how different types of scientific progress influence one another, few 
researchers seem willing to venture forth to accept them.   But what is understandable on the part 
of an individual researcher may sum to an entire community’s avoidance of questions highly 
relevant to policy makers.  A modicum of high(er)-risk research is needed if the science of 
science policy research community’s agenda is to meet the expectations that federal policy 
makers have set for it. For their part though, federal policy makers need to have a realistic 
understanding that not all of their immediately pressing science policy resource-allocation or 
distributional questions will or can be readily or easily answered by emerging research. 

Too much should not be read into this statement, however. If in the near term ongoing research 
cannot answer overarching questions, it is still capable of producing considerable policy benefits. 
These benefits are likely to take of the form of higher quality analysis and assessment of the 
impacts of existing programs or of the likely impact of newly proposed ones. The U.S. science 
policy has experienced, and continues to be subject to, policy fads wherein limited or imperfectly 
interpreted data  or the eternal search for quick fixes to “urgent” problems  are pushed forward 
for executive or congressional consideration and endorsement.  Propositions, such as that small  
firms are the disproportionate source of new jobs; that clusters are the key to state/regional 
economic growth; that “shortages” of scientific and technological personnel exist;  that the ratio 
of academic patents to research funds is a measure of a university’s commitment to or 
contributions to commercially relevant technological innovation, and the like, have at times been 
converted into seemingly axiomatic or evidence-based propositions by policy entrepreneurs and 
interested parties. Benefitting variously from the lack of systematic external evaluation, from 
imperfect evaluations that lack inadequate controls for control or comparison groups, or from 
mute attention to opportunity costs in the form of alternative policy/program strategies, faddish 
programs can quickly become entrenched parts of national (and at times state government) 
science and technology policies.   

Higher standards of research design, data quality and comprehensiveness, and analytical 
techniques would link directly to the OMB call for improved management of agency research 
and development portfolios and better assessments of the impact of their science and technology 
investments. This would no small accomplishment. Indeed, if  it did little else but prevent bad 
policies from being adopted and help to clear away the detritus of inefficient or ineffective 
existing federal investments in science and innovation programs, ongoing research to advance 
the science of science and innovation policy would yield high returns.  Longer term benefits to 
decision-making flowing from improved theories, models, and data would only add to the 
intellectual and policy rate of return.  

Understanding of the form of benefits likely to be generated by a science of science policy also is 
important if current and future work is not to fall into the fault lines that separate science-based 
findings from political decision-making.   Sapolsky and Taylor have observed that “Politics is 
the main obstacle to the development of a science of science policy” (2011, p. 31). Koizumi has 
observed that “federal budgeting is more of an art than a science, but there are opportunities to 
make it more scientific. In the federal government, resource-allocation decisions are political 
decisions and will always be political, but data and analysis are important inputs” (Koizumi, 
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2011, p. 290). These propositions are essentially axiomatic to any and all who have worked at 
the boundaries of research and policy making, but they cannot be repeated too often. 

A second challenge is to extend interest and use of the science of science policy theories, models, 
and tools to Congress. For the most part, the demand for a science of science policy has flowed 
largely from executive agencies: the Office of Management and Budget and the Office of 
Science and Technology Policy, both located in the Executive Office of the President. It reflects 
the responsibilities of these executive branch units to engage in comprehensive strategic 
visioning, planning, priority-setting, and budgeting. They thus are unavoidably caught up in 
trade-offs among missions, agencies, fields of science, and projects. Congressional interest in 
science of science policy activities has been muted to date. Again, this is not surprising. Among 
several reasons, it essentially reflects the fragmentation of decision-making with respect to 
science and innovation policy among numerous committees and subcommittees. As is well 
known, at least as pertains to Congressional actions, the concept of a federal science and 
technology budget is a statistical artifact rather than a decision-making framework.   Yet as 
Goldston has observed, “Congress is the final arbiter of federal science policy. While it often 
defers, or delegates, to the executive branch, Congress has the final say on the science of agency 
science budgets, the focus of science programs, and the selection of science projects” (Goldston, 
2011, p. 327). 

Acknowledging the accuracy of this statement though needs to be the beginning not the end of 
the matter. To say that it is all politics or that all politics is local is antithetical to the spirit of a 
science of science policy. Instead, what it calls for is increased attention to the variables, 
relationships, and processes that shape the words in Congress’s final say. Hedge and Mowery’s 
(2008) examination of the influence of congressional membership on House and Senate 
appropriations committees on the number of peer-reviewed NIH awards received by performers 
in their jurisdictions, and their closing expression of hope that “our findings will spark a clearer 
debate over the extent and effects of political involvement in the resource allocations of the 
largest single source of federal civilian R&D spending” (ibid, p. 1798), offer an excellent 
example of the potentials of this line of research.   

The third issue relates to who is included in the building of the community, or network, of 
practice.  The need for building such a community has stemmed from two main causes. The first 
is the need to overcome the (continuing) fragmentation of research on science policy among 
multiple academic disciplines. This fragmentation has produced a divergent, at times discordant, 
body of analytical perspectives and findings, complicating when not hindering the conversion of 
evidence-based research into coherent or consensual policy implications. The second is the need 
to establish (more) effective channels and methods for communicating findings emerging from 
this new research to policy makers.  

Addressing these needs and working with awardees from NSF’s SciSIP program, AAAS has 
held two workshops designed at building a more cohesive community of practice. The first, 
“Toward A Community of Practice,” was held in March 2009, and involved grantees, mainly 
academic researchers, from SciSIP’s early rounds. One recommendation from this workshop was 
for the research community to increase its interaction with national science and innovation policy 
makers.  In pursuit of this objective, a second workshop, “Toward a Community of Practice II,” 
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was held in October 2010, brought together competitively selected SciSIP grantees and 
representatives from a number of federal agencies. The objectives of this workshop were (1), to 
highlight the prospective policy relevance of emerging findings from science of science policy 
research, (2), to have individuals in policy-making positions assess the policy relevance of these 
findings, in part to suggest to researchers how their research might be modified or how its 
findings might be presented to increase their relevance and comprehensibility to policy-makers, 
and finally (3), to present a user-driven agenda of science policy questions that were not yet 
being systematically addressed.  

Six themes emerged from this second workshop. Themes 1-3, voiced by each of the federal 
discussants. were that: (1), considerable potential for informing policy-making existed in the 
researcher presentations; (2), research findings needed to be translated into less technical 
language; and (3), syntheses across research projects was needed to provide supporting evidence 
and more generalizable conclusions and recommendations.  A fourth theme  advanced by 
participants from the academic community noted their  strong interest in addressing the science 
and innovation policy research needs of the federal participants, but that their  capacity to do so 
would be considerably enhanced by having specific statements of what these needs were.  A fifth 
theme expressed by both the academics and policy makers was the need for increased specificity 
about who precisely was meant by the terms science and technology policy- or decision-maker, 
or more precisely, the very different roles that various executive, congressional, and agency 
personnel played in the formulation of U.S. science policy, and in a related manner their need for 
and use of research-based evidence. Cross-cutting these the five themes was one additional one:  
the need to continue activities directed at building a community of practice. 

The AAAS workshops were modest, one-time undertakings, and only part of larger, ongoing 
federal initiatives, such as the SOSP Website (www.scienceofsciencepolicy.net), 
to forge closer ties among users and suppliers, both in agenda-setting and in use of research-
based knowledge.  

Helpful as these activities are in building a community of practice, they need to be expanded. In 
particular, attention and effort need to be devoted to the more systematic inclusion of scientists 
and science administrators in defining the science of science policy research agenda, and 
whenever possible including them in the conduct of the related work. They ought to be included 
among the policy makers, researchers, and participants engaged in debating and implementing 
any new policies that emerge tied to the findings that emerge from new research.  

The reasons for this are both obvious and nuanced. Historically, eminent academic, industrial, 
and foundation scientists and the organizations in which they have held leadership positions have 
been influential actors in shaping U.S. science policy, Indeed, for the most part, they have been 
more influential than the individuals and communities whose métier is studying and writing 
about science policy.  Moreover, to the extent that new research leads to new policies, these 
policies in turn will affect the working environments of bench scientists and science 
administrators.  Policy changes may affect the questions scientists chose to address and their 
performance in addressing them. Their observed or predicted response to changes in any number 
of policy parameters must be included in the science of science policy agenda. Rather than 
viewing or treating them as subjects within quasi-experimental designs or ethnographic studies, 

http://www.scienceofsciencepolicy.net/
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scientists and science administrators must become active participants in defining research 
questions and assessing findings if the results - either findings or policy recommendations - are 
to nurture the desired actions and behaviors. They must be considered as charter members of the 
community of practice. 
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Some Musings about Science Policy 

Eugene B. Skolnikoff 

It is a pleasure to join in honoring Albert Teich for his service furthering the understanding of 
science policy in the US. His work has played important roles that have provided significant 
inputs to government, business, and universities as well as the country at large. Having known Al 
as a student in my classes at MIT and having watched and occasionally participated in his many 
AAAS activities, I know well the quality of all he does. And I know how much he deserves to be 
honored by his colleagues and also, if I may so portray myself, by one of his proud mentors. 

As I started to write a piece in Al’s honor, my thoughts turned obviously to the general subject 
with which Al has been so intimately connected—science policy. But as I mused about that 
familiar focus, I came to realize that I have always had a problem with it, a problem that is 
relevant to but does not reflect on what Al has accomplished. After my many years working on 
subjects that fall into the basket that is labeled science policy, and aware of the extensive 
literature explicitly or implicitly considered to refer to science policy, I find I no longer have any 
clear idea—if I ever had—of just what the label on that basket means, and in particular, what are 
its boundaries. One of the main difficulties is that everything or almost everything involving 
science can fall under the rubric of science policy. Essentially, all policy issues, ranging across 
budgets, export controls, foreign policy, national security, energy, secrecy, global health and 
environmental threats, new technologies and the crises they often generate, political biases and 
scientific relevance in government rule-making, education, and on and on, are affected by 
science and technology to a greater or lesser degree. And all require (by no means always 
respected) that scientists and engineers participate in the making and execution of policy. But, 
when everything is included, then the label itself loses its currency, or to put it more correctly, 
provides little clarity of what is included, or excluded for that matter. Yet the phrase “science 
policy” is used with abandon in the press, in the halls of politics, in common discourse, in 
academic circles, and even in the AAAS.  We can all happily go to exotic locales, or even to 
Washington, to participate in conferences labeled as an issue of science policy or relevant to 
science in its many roles. 

There is nothing inherently wrong with science policy having such a broad and indeterminate 
meaning, but when it is used indiscriminately, as it usually is, it also becomes less useful as an 
analytical construct on which a coherent body of analysis can be built. 

I am not sure why this loose usage is a source of unrest to me, perhaps just the orneriness of age. 
For it certainly does not appear to affect the growing number of analyses or serious conferences 
or calls for more attention by governments. It never has bothered me much before, as I took an 
active part in the many opportunities to meet and argue about one or other aspect of science 
policy, in my case heavily focused on its international dimension. The short explanation of my 
unrest is to ask whether we are missing something when our definition of the subject is so broad 
as to discourage deeper questions. It was this in mind that led me along this path of thoughts 
about the meaning and lack of clarity of what is science policy. 



92 

If we wanted to sharpen the definition, one route would be to restrict the subject strictly to the 
government support of science itself: research budgets, the many choices in how those budgets 
are or should be allocated, the rationale for support of research in the face of declining revenue, 
or the many alternative needs that deserve and compete for the same dollars.  Within this 
definition we would include a few related issues, such as secrecy in research.  Al and his staff 
have been instrumental in making the AAAS the major source of information outside 
government (perhaps inside as well, and to other nations to boot) on the state of play of science 
budgeting.  We all use the information, rely on the AAAS, and have for years. 

The obvious problem with using science budgets as the sole meaning of science policy is that it 
is not possible to appreciate from budgets alone or by where the funds are applied what issues 
went into their determination, nor the many relevant factors not primarily determined by the 
science itself that is the presumed focus of the budget. 

In fact, even limiting science policy to the financial support for science just sweeps under the 
table many of the critical elements in decision-making about support of science. Only a few 
elements within science can be analyzed purely scientifically and independently of these other 
factors, and even then only if their direct economic costs are not, or no longer, a major 
consideration. The actual destination of funding for science is determined by a plethora of 
historical, political, institutional, and bureaucratic issues, with scientific criteria and 
opportunities obviously relevant, but not necessarily the most important.  

Thus, I do not think it appropriate to accept this budgetary view of science policy as the core 
definition. Few analysts would in fact believe that this narrow definition ought to be dominant. 
Certainly the press and common discourse assign a much broader meaning to the meaning, 
explicitly or not. 

A more useful term, much closer to how science policy is actually used would be to substitute 
the concept of science and public policy, a phrase that we used to start a teaching program at 
MIT in the political science department and which was adopted at about the same time by a 
number of universities in the 1960s. Al Teich, in fact, with the help of David Guston, assembled 
and published in 1985 a list of universities with such programs. The compilation continues as a 
“Guide to Graduate Education in Science, Engineering and Public Policy” on the AAAS web site 
(http://www.aaas.org/spp/sepp/). If the budget for science was too narrow a definition of science 
policy, science and public policy is too broad. It suffers from the opposite problem that 
everything is included. There isn’t an issue of public policy that does not have a scientific 
dimension, some central, some relatively minor. 

Under this rubric, science policy would encompass all the policy issues of which science is a 
substantial element (necessarily including technology): basically, most of the affairs of 
government. Obviously, policies in each area of public policy involve aspects well beyond 
science, and thus science policy would have to include these other aspects. That is exactly what 
science policy usually means at most institutions that produce studies of one or other issue of 
science policy, including the AAAS. It makes it an exciting area of analysis, but still with few 
boundaries to make evident what science policy actually means, since, in effect, it includes all 
relevant subjects within a policy area. That was our experience at MIT, where the science and 

http://www.aaas.org/spp/sepp/


93 

public policy label gradually expanded to include many defined areas of public policy that 
developed  their own boundaries and their own cadre of experts and analysis (for example 
security studies, energy, and information). 

This is an inevitable development that simply reflects the steadily broader and deeper 
involvement of science in society. There is no longer any substantial issue of public affairs that 
does not involve science or its effects to some extent. Thus, including all science-relevant issues 
within science policy is appropriate, but not necessarily a better base for analytical purposes. 

But is there is a central core that does deserve to be thought of as the analytic center of science 
policy? In effect, does the role of science in each policy area constitute the analytical center of 
science policy? If so, this would mean that science policy should be thought of as only the policy 
that refers to the scientific elements of public policy issues, not to the totality of those issues. 
Science policy in this formulation would encompass most of those characteristics of science that 
can be directly influenced or controlled by governments, and hence provide the basis of what we 
think of as an area of public policy not conceptually different from foreign or security or 
agricultural or health policy. And it would separate the malleable aspects of science from the 
independent progress of science and the substance of other areas of public policy affected by 
science. 

Musing further along this track raises the curious question (curious because it is so critical but 
not usually addressed) of just how science actually interacts with specific policy issues, such as 
energy, or security, or public health, or any or all others, beyond the simple observation that 
advances in science will affect those issues. Can that interaction be characterized and analyzed 
on its own? What in fact do we know and understand about it? Can we describe it clearly? Are 
there commonalities across issue areas that can be used to anticipate interactions in more than 
one policy area? Can it be summarized and analyzed to have meaning in public discourse, or is it 
just an analytical construct of interest to academics with little broader value?  

Leaving aside for the moment the question of its potential usefulness, I believe this is actually 
the core of what we ought to mean by the substance of science policy. For, surprisingly, we have 
only limited understanding of the complexity of that interaction and little language to help apply 
concepts in one policy area to what will be encountered in other areas. I do not mean to imply 
that there are no analyses of how science interacts with policy, but those analyses are typically 
defined within a subject area, with little value as a guide that could be predictive from one issue-
area to another. To put it another way, there is little comparative work across policy areas 
analyzing the substance of the role of science in each and whether there are commonalities that 
would be helpful to anticipating what would apply in new areas. Is there value in asking, for 
example, whether there are aspects of the detailed role of science in energy policy that is similar 
to or useful in asking how science can contribute to innovation policy?  Or whether the similarly 
detailed role of science in security policy might be similar to the contribution and interaction of 
science in health policy? 

Or is it that the role of science in each public policy domain is unique, even if there may be 
significant similarities in several policy areas? Is there any value in attempting to identify those 
similarities or probe the role of science in several areas on a comparative basis? 
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I was intrigued by this idea of addressing comparative studies across issue areas that could be 
useful in illuminating the actual role of science in each and in what ways they are similar or 
different. But I never carried it farther myself, and I do not know of others who have tried 
anything along these lines. Contrary to how I started these somewhat random thoughts, I now am 
inclined to believe there would only be a limited payoff in attempting to identify such similarities 
across policy areas. Perhaps there are important lessons to be learned, but what appeared useful 
to me at first, I now believe may be more thought-provoking (to me) than useful. It seems to be 
simply an interesting theoretical idea, with little application in a broader analytical role. 

Quite possibly, I am simply unfamiliar with those who have tried to draw these detailed 
comparative lessons. And perhaps thoughtful policy-makers (or even academics) have been 
applying comparative lessons consciously, or more likely unconsciously, as they consider 
different fields of public policy. Certainly it is not uncommon to attempt to anticipate how 
scientific developments possible in the future in one will affect others. But are there serious 
analytical attempts to learn how the detailed role of science in, say, health policy is similar to 
that in energy policy, or innovation policy? 

In effect, to put it another way, I am asking if there is a “science of science policy” and, if not, 
should there be and what would it consist of? I will leave that as a question for the reader.1 

On reflection, I am ignoring the one person who would be best positioned to know of such work 
or to have done it himself: Al Teich, of course, who has been engaged in this playground of ideas 
for many years. He would be just the one to show me that there is a science of science policy that 
I just haven’t recognized. I would be delighted if that proved to be the case. If he hasn’t put pen 
to paper along these lines, perhaps now, in his altered professional state, he should do so. 

1 A recent book of essays , including one by John Marburger, former Science Adviser to President George W. Bush, 
with the title The Science of Science Policy indicates there are some others asking similar questions. The Science of 
Science Policy: A Handbook, Stanford Business Books, Stanford, CA, 2011. 
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