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Highlights

Spending and Funding for Academic R&D

In 2009, U.S. academic institutions spent $54.9 billion on
science and engineering R&D and an additional $2.4 bil-
lion in non-S&E fields.

4 [n 2009, academic institutions performed nearly half (53%)
of the nation’s total basic research, a percent that has risen
steadily from 47% in the later 1980s.

¢ Academia performed 36% of all U.S. research (basic plus
applied) and 14% of total U.S. R&D.

4 Higher education’s share of total U.S. research expendi-
tures (basic plus applied) has gradually increased, rising
from 24% in 1982 to 36% in 2009.

The federal government provides the bulk of funds for
academic R&D; during the past two decades, its share
has fluctuated around 60%.

¢ The federal government provided 59% ($32.6 billion) of
the $54.9 billion of academic spending on S&E R&D in
FY 2009. The federal share was somewhat higher in the
1970s and early 1980s.

¢ Six agencies provide almost all (97% in 2009) feder-
al academic R&D support—the National Institutes of
Health, National Science Foundation, Department of
Defense, National Aeronautics and Space Administration,
Department of Energy, and Department of Agriculture.

The bulk of academic R&D funding from nonfederal
sources is provided by the universities themselves.

@ The share of support provided by institutional funds in-
creased steadily between 1972 (12%) and 1991 (19%) but
since then has remained fairly stable at roughly one-fifth of
total academic R&D funding.

4 Industry’s percentage of funding for academic R&D de-
clined steeply after the 1990s, from above 7% in 1999
down to about 5% by 2004, but has seen a 5-year increase
to about 6% in 2009.

4 Support from other governmental agencies, chiefly state
funds, declined from 10% in the late 1970s to about 8%
through the 1990s and stood at less than 7% in 2009.

Over the last 20 years, the distribution of academic R&D
expenditures across the broad S&E fields shifted in favor
of life sciences and away from physical sciences.

4 In 2009, the life sciences represented the largest share
(60%) of expenditures in academic S&E R&D.

4 Over the last 20 years, the life sciences were the only broad
field to experience a sizable increase in share—6 percent-
age points—of total academic R&D. Over the same pe-
riod, the physical sciences share of total academic R&D
dropped 3 percentage points.

Infrastructure for Academic R&D

Research space at academic institutions has continued to
grow annually over the last 20 years. Nonetheless, the pace
of growth has noticeably slowed in the last few years.

¢ Total research space at research-performing universities
and colleges was 2.2% greater at the end of 2009 than
it was in 2007, continuing a two decade long period of
expansion.

4 The rate of annual increase for all S&E fields combined in
the 2001-03 period was 11%, but it has gradually slowed
since then. Unlike in other fields, in recent years research
space for the biological/biomedical sciences and agricul-
tural sciences has continued to expand at substantial rates.

In 2009, about $2.0 billion in current funds was spent for
academic research equipment (i.e., movable items such
as computers or microscopes), a 2% increase over 2008,
after adjusting for inflation.

4 Equipment spending as a share of total R&D expenditures
fell from 4.8% in FY 1999 to a three decade low of 3.6%
in FY 2009.

¢ Three S&E fields accounted for 82% of equipment ex-
penditures in 2009: the life sciences (41%), engineering
(24%), and the physical sciences (17%).

¢ In FY 2009, the federal share of support for all academic
research equipment funding was 55%. This share has fluc-
tuated between 55% and 63% over the last 20 years.

Cyberinfrastructure

Academic networking infrastructure is rapidly expand-
ing in capability and coverage.

¢ Research performing institutions had more connections,
bandwidth, and campus coverage compared with earlier in
the decade.

4 Colleges and universities reported external network con-
nections with greater bandwidth, faster internal network
distribution speeds, more connections to high-speed net-
works, and greater on-campus wireless coverage.

4 In FY 2003, 66% of institutions had bandwidth of less than
1 gigabit per second and no institutions had speeds faster
than 2.5 gigabits per second. By FY 2009, 82% of institu-
tions had bandwidth speeds of 1 gigabit per second or fast-
er and 24% had speeds faster than 2.5 gigabits per second.

Doctoral Scientists and Engineers
in Academia

The size of the doctoral academic S&E workforce was
an estimated 272,800 in 2008, almost unchanged from
2006. Total academic doctoral employment grew less in
this period than in any comparable period since 1973.
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Full-time faculty positions, although still the predomi-
nant type of employment, increased more slowly than
postdoc and other full- and part-time positions.

¢ The share of all S&E doctorate holders employed in aca-
demia dropped from 55% in 1973 to 44% in 2008.

¢ The percentage of S&E doctorate holders employed in
academia who held full-time faculty positions declined
from 88% in the early 1970s to 73% in 2008. Over that
same period, other full-time positions rose from 6% to
15% of total academic employment, and postdoc and part-
time appointments increased from 4% and 2% to 7% and
6%, respectively.

The demographic profile of academic researchers shift-
ed substantially between 1973 and 2008. The increasing
proportion of women was a particularly striking change.

€ The number of women in academia increased more than
eightfold between 1973 and 2008, from 10,700 to about
93,400, raising their share of all academic S&E doctoral
employment from 9% to 34%. Women employed as full-
time doctoral S&E faculty increased from 7% to 31%.

4 In 2008, underrepresented minorities (blacks, Hispanics,
and American Indians/Alaska Natives) constituted about
9% of both total academic S&E doctoral employment and
full-time faculty positions, up from 2% in 1973.

¢ The foreign-born share of U.S. S&E doctorate holders in
academia increased from 12% in 1973 to nearly 25% in
2008, and nearly half (46%) of postdoc positions in 2008
were held by foreign-born U.S. S&E doctorate holders. No
comparable data exist for foreign-born, foreign-degreed
doctorate holders.

Between 1973 and 2008, the number of academic re-
searchers with S&E doctorates more than doubled.
Among full-time faculty, the balance of emphasis in work
activity shifted toward research and away from teach-
ing. Young faculty—those within 3 years of a doctorate
award—were less likely than other faculty to report re-
search as a primary work activity.

4 About two-thirds of doctoral scientists and engineers em-
ployed in academic institutions in 2008 were engaged in re-
search as either a primary or secondary work activity. The
proportions of researchers were highest in the life sciences,
engineering, and computer sciences.

¢ The share of full-time S&E faculty identifying research as
their primary work activity climbed from 19% in 1973 to
36% in 2008, while the share identifying teaching as their
primary activity fell from 68% to 47%.

¢ In 2008, 33% of recently degreed S&E doctoral faculty
identified research as their primary work activity, a smaller
share than reported by faculty cohorts who had earned
S&E doctorate degrees 4 to 7 years earlier (48%), 8 to 11
years earlier (41%), and 12 or more years earlier (35%).

455

A substantial pool of academic researchers—including
graduate research assistants and doctorate holders em-
ployed in postdoc positions—has developed outside the
ranks of full-time faculty.

4 The number of S&E doctorate holders employed in aca-
demic postdoc positions climbed from 4,000 in 1973 to
18,000 in 2008.

4 In 2008, 36% of recently degreed S&E doctorate holders in
academia were employed in postdoc positions, a figure that
approached the share (42%) employed in full-time faculty
positions. Among S&E doctorate holders 4 to 7 years be-
yond their doctorate degrees, 11% held postdoc positions.

For S&E as a whole and for many fields, the share of aca-
demic S&E doctorate holders receiving federal support
declined since the early 1990s.

4 Throughout the 1973-2008 period, fewer than half of full-
time S&E faculty received federal support, whereas the
share of postdocs who received federal support was more
than 70%.

4 Among full-time faculty, recent doctorate recipients were
less likely to receive federal support than their more estab-
lished colleagues.

Outputs of Academic S&E Research:
Articles and Patents

S&E article output worldwide grew at an average annual
rate of 2.6% between 1999 and 2009. The U.S. growth
rate was much lower, at 1.0%.

@ The United States accounted for 26% of the world’s total
S&E articles in 2009, down from 31% in 1999. The share
for the European Union also declined, from 36% in 1999
to 32% in 2009.

¢ In Asia, average annual growth rates were high—for ex-
ample, 16.8% in China and 10.1% in South Korea. In
2009, China, the world’s second-largest national producer
of S&E articles, accounted for 9% of the world total.

4 Very rapid annual growth rates of over 10% between
1999 and 2009 were also experienced by Iran, Thailand,
Malaysia, Pakistan, and Tunisia. However, some of these
countries had low S&E article production in 1999.

Two-thirds of all S&E articles were coauthored in 2010.
Articles with authors from different institutions and dif-
ferent countries have continued to increase, indicating
increasing knowledge creation, transfer, and sharing
among institutions and across national boundaries.

4 Coauthored articles grew from 40% of the world’s total
S&E articles in 1988 to 67% in 2010. Articles with only
domestic coauthors increased from 32% of all articles in
1988 to 43% in 2010. Internationally coauthored articles
grew from 8% to 24% over the same period.
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@ US.-based researchers were coauthors of 43% of the
world’s total internationally coauthored articles in 2010.

® Three other nations—Germany, the United Kingdom, and
France—had high, though declining, shares of internation-
al coauthorships. Chinese authors increased their share of
the world’s internationally coauthored S&E articles from
5% to 13% between 2000 and 2010.

4 In the United States, because of the predominance of the
academic sector in S&E article publishing, academic sci-
entists and engineers have been on the forefront of the in-
tegration of S&E research across sectors. In non-academic
sectors, cross-sector coauthorship with academic authors
ranged from 55% to 76% in 2010.

Like indicators of international coauthorship, cross-
national citations provide mixed evidence of changes in
the worldwide scope, influence, and quality of U.S. S&E
research.

4 Between 2000 and 2010, the U.S. share of the world’s to-
tal citations in S&E articles declined from 45% to 36%,
reflecting the broad expansion of the global literature.
China’s share of these citations increased from 1% to 6%.
The EU share remained steady at 33%, and Japan’s share
fell from 7% to 6%.

@ The percentage of U.S.-authored S&E articles receiving
the highest number of citations—an indicator of quality
and impact on subsequent research—has changed little. In
2010, U.S. articles represented 28% of all articles in the
cited period, but 49% of the articles in the top 1% of all
cited articles.

Chapter 5. Academic Research and Development

Data on citations per publication suggest that the quality
of U.S.-authored articles has changed little over the past
10 years.

4 In 2010, articles with U.S. authors were highly cited about
76% more often than expected based on the U.S. share of
world articles, compared to 85% in 2000. Between 2000
and 2010, EU-authored articles improved on this indicator,
from 27% less often than expected to 6% less often.

4 In 2010, China’s rate of high citation was nearly equal to
its rate of publication in engineering and computer science,
but its citation rate did not exceed its publication rate in
any field. In most broad fields, China’s rate of high cita-
tions compared to its publication rate was higher in 2010
than in 2000.

U.S. Patent and Trademark Office (USPTO) data show
that annual patent grants to universities and colleges
ranged from 2,900 to 4,500 between 1998 and 2010.

4 College and university patents have been about 4.2%
to 4.7% of U.S. nongovernmental patents for a decade.
Biotechnology patents accounted for most U.S. university
patents in 2010, at 30%, a percentage that has grown over
the past 15 years.

¢ Data from the Association of University Technology
Managers (AUTM) indicate continuing growth in a num-
ber of patent-related activities. Invention disclosures grew
from 12,600 in 2002 to 18,200 in 2009. New U.S. patent
applications filed by AUTM university respondents also
increased, from 6,500 in 2001 to 11,300 in 2009. In con-
trast, the number of issued patents reported by AUTM re-
spondents has remained flat.
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Chapter Overview

U.S. universities and colleges occupy a unique position in
the nation’s overall R&D system. They perform more than
half of U.S. basic research and, because they link graduate
education and research, prepare the next generation of re-
searchers (see chapter 2).

This chapter discusses the role of the academic sector
within the national R&D enterprise. The first section ex-
amines trends in spending and funding for academic R&D,
identifies key funders of academic R&D, and describes
the allocation of funds across academic institutions and
S&E fields.

Because the federal government has been the primary
source of funding for academic R&D for more than half a
century, the importance of federal agency support for overall
R&D and for individual fields is explored in some detail.
Other significant sources of funding include the institutions
themselves, businesses, and state and local government. The
first section also traces recent changes in the distribution of
funds among academic institutions and the types of academ-
ic institutions that receive federal R&D support.

The chapter’s second section reviews the status of infra-
structure for academic R&D. This discussion provides data
on the current trends in academic research facilities, research
equipment, and cyberinfrastructure.

The next section discusses trends in the employment of
academic doctoral scientists and engineers. Major trends ex-
amined include the numbers of academic doctoral scientists
and engineers, their changing demographic composition,
and the types of positions they hold. This section also ex-
amines employment patterns in the segment of the academic
workforce that is engaged in research, with particular atten-
tion to full-time faculty, postdocs, graduate research assis-
tants, and the academic scientists and engineers receiving
research support from the federal government.

The chapter concludes with an analysis of trends in two
types of research outputs: S&E articles and patents issued to
U.S. universities. (A third major output of academic R&D,
educated and trained personnel, is discussed in chapter 2.)
This section looks at the volume of research articles for se-
lected countries/regions and focuses (when appropriate) on
S&E articles by U.S. academic researchers. Coauthored ar-
ticles, both across U.S. sectors and internationally, are in-
dicators of increasing collaboration in S&E research. The
number of influential articles from U.S. institutions, as mea-
sured by the frequency with which they are cited, is exam-
ined and compared with citations to S&E articles produced
around the globe.

The final section explores academic patenting activities
and examines patents, licenses, and income from these as
forms of academic R&D output. Patent citations to the S&E
literature are also examined, with some attention—new in
this edition—to S&E literature citations in patents for clean
energy and related technologies.
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Expenditures and Funding
for Academic R&D

Academic R&D is a key part of the overall U.S. R&D en-
terprise.! Academic scientists and engineers conduct the bulk
of the nation’s basic research and are especially important as
a source of the new knowledge that basic research produces.
Indicators tracking the status of the financial resources, the
research facilities, and the instrumentation that are used in
this work are discussed in this and the next section of the
chapter. (For an overview of the sources of data used see the
sidebar, “Data on the Financial and Infrastructure Resources
for Academic R&D.”)

Academic R&D in the National R&D Effort

Expenditures by U.S. colleges and universities on R&D
in S&E fields totaled $54.9 billion in 2009.> Academic
spending in non-S&E fields that year was another $2.4 bil-
lion. The corresponding figures for 2008 were $51.9 billion
and $2.2 billion. In 2004, these figures were $43.3 billion
and $1.6 billion, respectively.

Academic R&D spending is primarily for research (basic
and applied)—in 2009, about 96% was spent on research
(75% basic, 22% applied) and almost 4% was spent on de-
velopment.® These shares are not appreciably different from
the proportions that prevailed 5 and 10 years ago (appendix
table 5-1).

Universities and colleges performed about 14% of all
U.S. R&D in 2009. Higher education’s prominence as a na-
tional R&D performer has generally increased over the last
30 years, rising from about 10% of all R&D performed in
the United States in the early 1970s to an estimated 14% in
2009 (figure 5-1).

Universities and colleges accounted for just under 36%
of all U.S. research in 2009. This was slightly higher than
the 35% reported in 2002—and the previously highest share
of the U.S. research total over the last 30 years (figure 5-1).

In regard to basic research, the academic sector is by far the
country’s largest performer. In 2009, it accounted for 53% of
all the basic research performed in the United States. Indeed,
institutions of higher education have accounted for more than
half of all U.S. basic research since 1998 (figure 5-1).

(For a comparison of the academic R&D profiles of
other countries, see the section on “International R&D
Comparisons” in chapter 4.)

Sources of Support for Academic R&D

Academic R&D relies on funding support from a vari-
ety of sources, including the federal government, universi-
ties’ and colleges’ own institutional funds, state and local
government, industry, nonprofits, and other organizations.
Nevertheless, the federal government has consistently pro-
vided the majority of funding.
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Data on the Financial and Infrastructure Resources for Academic R&D

Data on the financial and infrastructure resources sup-
porting U.S. academic R&D are drawn from three ongo-
ing National Science Foundation (NSF) surveys:

4 Survey of Research and Development Expenditures at
Universities and Colleges

4 Survey of Science and Engineering Research Facilities

4 Survey of Federal Funds for Research and Development.

The data definitions and classifications in these three
surveys are similar, but not identical. Furthermore, the
respondents differ across the surveys: universities and
colleges for the first two, federal agencies for the third.

Some of the data presented in the first part of this
section (see “Academic R&D in the National R&D
Effort”) come from the NSF’s National Patterns of R&D
Resources series, which integrates data from NSF’s R&D
expenditure surveys to yield a comprehensive account of
national R&D spending and funding. These separate data
sets are adjusted for internal consistency and to reflect a
calendar year. Some of the National Patterns figures for
2009 are considered “preliminary.”

The data subsequently covered are derived from the
Survey of Research and Development Expenditures at
Universities and Colleges. These data are not adjusted
and represent reporting on an academic year basis (e.g.,
FY 2009 covers July 2008 through June 2009).

Data on “Top Agency Supporters” and “Agency
Support by Character of Work” come from NSF’s Survey
of Federal Funds for Research and Development, which
collects data on the R&D obligations of 30 federal agen-
cies for each federal fiscal year (e.g., FY 2009 covers
October 2008 through September 2009). The 2009 fed-
eral funds figures remain preliminary.

The federal obligations data for academic R&D (e.g.,
$26.0 billion in FY 2008) do not match the federally
funded expenditures data reported by academic institu-
tions (e.g., $31.3 billion in 2008). Several factors account
for this discrepancy: the spans of the academic and fed-
eral fiscal years differ slightly, there is a time lag between
obligating and spending funds, awards may span multiple
years, and federal funds passed to other recipient organi-
zations are sometimes double-counted.

The data on research equipment come from the
Survey of Research and Development Expenditures at

Universities and Colleges. The data on research facilities
and cyberinfrastructure come from the Survey of Science
and Engineering Research Facilities. In these surveys,
academic R&D expenditures are reported by academic
fiscal year.

Research equipment is purchased from operating
funds and included in R&D expenditures. Although some
large instrument systems may be classified as either fa-
cilities or equipment, facilities are generally treated as
capital projects for accounting purposes.

The survey population for the facilities survey in-
cludes all universities and colleges in the Academic R&D
Expenditures survey with $1 million or more in R&D ex-
penditures. Starting in 2003, the facilities survey includ-
ed data on computing and networking capacities. Fixed
items such as buildings, which often cost millions of dol-
lars, are not included in the reported R&D expenditures.

Redesign of the Survey of R&D
Expenditures at Universities and Colleges

NSEF’s Survey of Research and Development Expenditures
at Universities and Colleges has been conducted annually
since 1972. In 2007, an effort was started to evaluate and
redesign the survey. The goals of the redesign were (1) to
update the survey instrument to reflect current accounting
principles in order to obtain more valid and reliable mea-
surements of the amount of U.S. academic R&D expendi-
tures and (2) to expand the current survey items to collect
some additional detail on topics most often requested by
data users. Data from the revised and expanded survey, re-
named the “Higher Education R&D (HERD) Survey,” is
expected to be publicly available in late 2011.

The HERD survey will continue to capture comparable
information on R&D expenditures by sources of funding
and field, which will allow for continued trend analysis.
It will also include a more comprehensive treatment of
S&E and non-S&E fields, an expanded population of sur-
veyed institutions, explicit treatment of research training
grants and clinical trials, greater detail about the sources
of funding for R&D expenditures by field, and headcounts
on principal investigators, other research personnel, and
postdocs. Britt (2010) provides a more complete list of im-
provements in the redesigned survey.
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Figure 5-1

Academic share of U.S. R&D performance:
1970-2009
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NOTES: Data based on annual reports by performers. Because of
changes in survey procedures, character of work data before FY
1998 are not directly comparable with later years.

SOURCE: National Science Foundation, National Center for Science
and Engineering Statistics, National Patterns of R&D Resources
(annual series). See appendix table 5-1.
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Federal Funding

The federal government provided $32.6 billion (59%) of
the $54.9 billion of academic spending on S&E R&D in FY
(academic) 2009.* The federal share was somewhat higher in
the 1970s and early 1980s, although the federal government
has long contributed the majority of funds for academic
R&D (figure 5-2 and figure 5-3).

This $32.6 billion of federal funding in FY 2009 was 4.2%
above the level of the previous year. The rates of growth in
2008 and 2007 were 2.8% and 1.0%, respectively. Over the
previous 10 years, the level of federal funding for academic
R&D has been consistently up, averaging 3.3% annually for
the 5-year period of 2004—09 and 7.3% annually for the 10-
year period of FY 1999-2009. But when adjusted for infla-
tion, the 5-year annual average increase was 0.8% and the 10
year average was 4.8%—FY 2006 and 2007 were years with
constant dollar declines in federal funding.

An additional perspective on funding trends is provided
by inflation-adjusted obligations for academic S&E R&D
reported by the federal agencies (i.e., the funds in constant
dollars going to academic institutions in a given federal fis-
cal year that will be spent on R&D activities in the current
and subsequent years). In constant 2005 dollars, federal aca-
demic R&D obligations peaked in FY 2004 at $25.0 billion,
fell in the three subsequent years, reaching $24.0 billion
in FY 2008, and then spiked upward in FY 2009, reaching
$28.8 billion (appendix table 5-3).

Federal obligations for S&E R&D grew more than 10%
each year on a constant dollar basis between FY 1998 and
2001. This reflected, for the most part, the federal commit-
ment to double the R&D budget of the National Institutes

459

Figure 5-2
Academic R&D expenditures, by source of funding:
1972-2009
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SOURCE: National Science Foundation, National Center for Science
and Engineering Statistics, Survey of Research and Development
Expenditures at Universities and Colleges. See appendix table 5-2.
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Figure 5-3

Federal and nonfederal funding of academic R&D
expenditures: 1996-2009
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See appendix table 4-1 for gross domestic product implicit price
deflators used to convert current dollars to constant 2005 dollars.

SOURCE: National Science Foundation, National Center for Science
and Engineering Statistics, Survey of Research and Development
Expenditures at Universities and Colleges. See appendix table 5-2.
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of Health (NIH) over a 5-year period. Between FY (feder-
al) 1998 and 2004, NIH’s share of federal academic R&D
funding increased from 57% to 63%. Then in FY 2009, the
American Recovery and Reinvestment Act (ARRA), which
was signed into law on February 17, 2009, provided an ad-
ditional $18.3 billion in appropriations for federal R&D and
R&D facilities and equipment in FY 2009.° The signifi-
cant uptick in obligations observed in FY 2009 reflects the
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presence of nearly $5 billion of these ARRA funds (appen-
dix table 5-3).

Top Federal Agency Supporters

Six agencies are responsible for the vast majority of
annual federal obligations for higher education R&D:
the National Institutes of Health (NIH), National Science
Foundation (NSF), Department of Defense (DOD), National
Aeronautics and Space Administration (NASA), Department
of Energy (DOE), and Department of Agriculture (USDA).
In federal FY 2009, these six agencies represented about
96% of the estimated $31.6 billion obligated for S&E R&D
that year (appendix table 5-3).°

NIH is by far the largest funder, providing about 65% of
total federal academic R&D obligations in FY 2009. NSF pro-
vided 13%; DOD, 9%; NASA, 3%; DOE, 4%; and USDA, 3%.

The federal government’s overall support for academic
R&D is the combined result of numerous discrete funding
decisions made by the R&D-supporting federal agencies, all
of which have differing missions and objectives, which in
turn affect the priorities for research funding in the academic
sector. For the most part, federal R&D funding to the higher
education sector is allocated through competitive peer re-
view. Nevertheless, congressional priorities and concerns in
the course of the annual federal budget process can influ-
ence funding outcomes—see the sidebar, “Congressional
Earmarks.”

Congressional Earmarks

Broadly defined, academic earmarking is the con-
gressional practice of directing federal funds to educa-
tional institutions for facilities or projects that are not
required to undergo merit-based peer review. However,
this characterization contains enough ambiguity about
how to classify individual projects that estimates of the
number of earmarked projects or the amount of ear-
marked funds may reasonably differ.

Detailed assessments of academic earmarks have
been prepared by staff of The Chronicle of Higher
Education. The most recent of these analyses estimat-
ed a total of $2.3 billion in academic earmarks in FY
2008 (Brainard and Hermes, 2008). A similar analysis
for FY 2003 puts the academic earmark total at $2.0
billion (Brainard and Borrego, 2003). Approximately
two-thirds ($1.6 billion) of the FY 2008 funds and $1.4
billion of the FY 2003 funds were for R&D projects,
R&D equipment, or construction or renovation of R&D
laboratories. A more recent estimate, published in the
Chronicle but prepared by an outside watchdog group,
put the academic earmark total for FY 2010 at $1.5 bil-
lion (Kiley, 2010).

Recently, both the Senate and House of
Representatives agreed to federal budget rules that aim
to eliminate earmarks. There are no earmarks in the fi-
nal budget appropriations for FY 2011.

Chapter 5. Academic Research and Development

Federal Agency Support by Character of Work

Basic research activities represented about 58% of fed-
eral obligations for academic R&D in FY 2009 and about
56% in both FY 2007 and 2008 (appendix table 5-4). The
two agencies funding the majority of basic research in the
academic sector were NIH and NSF.

Applied research represented about 38% of federal obli-
gations for academic R&D in FY 2009, 37% in FY 2008, and
38% in FY 2007. NIH provided the vast majority of funding
in this category. Federal obligations for development activi-
ties in academia were 4-7% throughout FY 2007-09, with
DOD and NASA the principal funders.

Other Sources of Funding

Notwithstanding the continuing dominant federal role in
academic R&D funding, funding from nonfederal sources
has grown steadily in recent years (figure 5-3). Adjusted for
inflation, annual growth in nonfederal funding for academic
R&D has averaged 4.8% over the last 5 years, and 4.4% for
the last 10 years. The corresponding growth rates for federal
funding have been 0.8% and 4.8%.

4 University and college institutional funds. In FY 2009,
institutional funds from universities and colleges com-
prised the second largest source of funding for academic
R&D, accounting for about 20% ($11.2 billion) of the total
(appendix table 5-2). Institutional funds encompass insti-
tutionally financed research expenditures and unrecovered
indirect costs and cost sharing. They exclude departmental
research, which is a more informal type of research that is
usually coupled with instructional activities in departmen-
tal budget accounts and thus does not meet the Office of
Management and Budget definition of organized research.
The share of support represented by institutional funds in-
creased steadily from 12% in 1972 to 19% in 1991, and
it has remained near 20% in the subsequent years. Funds
for institutionally financed R&D may derive from general-
purpose state or local government appropriations; general-
purpose awards from industry, foundations, or other outside
sources; endowment income; and gifts. Universities may
also use income from patents and licenses or revenue from
patient care to support R&D. (See section “Patent-Related
Activities and Income” later in this chapter for a discussion
of patent and licensing income.)

4 State and local government funds. State and local gov-
ernments provided 7% ($3.6 billion) of higher education
R&D funding in FY 2009. Although their absolute fund-
ing total has continued to rise annually, their funding
share has declined from a peak of 10% in the early 1970s
to below 7% in recent years. However, these figures are
likely to understate the actual contribution of state and lo-
cal governments to academic R&D, particularly for public
institutions, because they only reflect funds that these gov-
ernments directly target to academic R&D activities.” They
exclude any general-purpose state or local government ap-
propriations that academic institutions designate and use to
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fund separately budgeted research or pay for unrecovered
indirect costs—such funds are categorized as institutional
funds. (See chapter 8, “State Indicators,” for some indica-
tors of academic R&D by state.)

4 Industry funds. Industrial support accounts for the small-
est share of academic R&D funding (just under 6%), and
support for academia has never been a major component
of industry-funded R&D. After a 3-year decline between
2001 and 2004, industry funding of academic R&D has
been steadily increasing, reaching $3.2 billion in FY
2009. (See appendix table 4-5.)

4 Other sources of funds. In FY 2009, all other sources
of support accounted for 8% ($4.3 billion) of academic
R&D funding, a level that has stayed about the same since
1972. This category of funds includes, but is not limited
to, grants and contracts for R&D from nonprofit organi-
zations and voluntary health agencies.

EPSCoR

The Experimental Program to Stimulate Competitive
Research (EPSCoR) is a long standing multi-agency federal
program that has the objective of improving the geographi-
cal distribution of federal support for academic R&D. An
overview of the program and recent statistics on its activi-
ties are discussed in the sidebar EPSCoR: The Experimental
Program to Stimulate Competitive Research.

Academic R&D Expenditures by Field

Investment in academic R&D has long been concentrated
in the life sciences, which have received more than half of all
academic R&D expenditures for more than three decades.

Science and Engineering R&D

In FY 2009, academic R&D in the life sciences accounted
for $32.8 billion (60%) of the $54.9 billion academic S&E
R&D total (appendix table 5-5). Within the life sciences, the
medical sciences accounted for 33% of the academic total
and the biological sciences accounted for another 18%.?

Adjusted for inflation, academic R&D expenditures
in the medical sciences increased by more than 75% from
FY 1990 to FY 2000, and by almost 65% from FY 2000 to
FY 2009 (figure 5-4 and appendix table 5-6). This sizable
increase shifted the distribution of academic R&D expen-
ditures (figure 5-5). The life sciences gained more than 4
percentage points in financial share over the decade of the
1990s (from 54% to 58%) and nearly another 2 percentage
points since 2000 (up to 60%). By contrast, the physical sci-
ences lost 2 percentage points in share over FY 1990-2000
(from 11% to 9%) and an additional percentage point since
FY 2000 (down to 8%).

Federal R&D Funds by Field

R&D projects in the life sciences also constitute a major-
ity of federally supported academic S&E R&D. They ac-
counted for $19.3 billion (59%) of the $32.6 billion of federal
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Figure 5-4
Academic R&D expenditures, by S&E field:
1999-2009
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support in FY 2009 (appendix table 5-7). The Department
of Health and Human Services (HHS)—of which NIH is a
part—supports the vast majority of this life science funding
(83%). By contrast, and while their shares of total academic
R&D funding are much smaller, DOD, DOE, NASA, and
NSF have more diversified funding patterns (figure 5-6). In
FY 2009, NSF was the lead federal funding agency for aca-
demic research in the physical sciences (30% of federally
funded R&D expenditures), mathematics (56%), computer
sciences (40%), and environmental sciences (34%). DOD
was the lead funding agency in engineering (32%).

Federal funding has played a larger role in overall support
for some fields than others (appendix table 5-8). The federal
government is the dominant funder in fields such as the at-
mospheric sciences (78% in FY 2009), physics (73%), and
aeronautical/astronautical engineering (70%). But it plays a
much smaller role in other fields, such as economics (32%
in FY 2009), political science (37%), and agricultural sci-
ences (28%).

The federally financed proportion of R&D spending in
all of the broad S&E fields has been stable or increased since
1990 (appendix table 5-8). This reverses the trend between
1975 and 1990, when the federal share had declined in all
the broad fields.
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EPSCoR: The Experimental Program to Stimulate Competitive Research

EPSCoR, the Experimental Program to Stimulate
Competitive Research, is based on the premise that universi-
ties and their S&E faculty and students are valuable resourc-
es that can potentially influence a state’s development in the
21st century in much the same way that agricultural, indus-
trial, and natural resources did in the 20th century.

EPSCoR originated as a response to a number of stated
federal objectives. Section 3(e) of the National Science
Foundation Act of 1950, as amended, states that ““it shall be an
objective of the Foundation to strengthen research and educa-
tion in the sciences and engineering, including independent
research by individuals, throughout the United States, and to
avoid undue concentration of such research and education.”
Prior to this, in 1947, a Steelman report, titled “Science and
Public Policy,” in discussing the formation of NSF, stated “it
is clear that a portion of the funds expended by the National
Science Foundation should be used to strengthen the weaker,
but promising, colleges and universities, and thus to increase
our total scientific potential.”

In 1978, Congress authorized the NSF to conduct EPSCoR
in response to broad public concerns about the extent of
geographical concentration of federal funding for Research
and Development (R&D). Eligibility for EPSCoR participa-
tion was limited to those jurisdictions that have historically
received lesser amounts of federal R&D funding and have
demonstrated a commitment to develop their research bases
and improve the quality of S&E research conducted at their
universities and colleges.

The success of the NSF EPSCoR program during
the 1980s subsequently prompted Congress to authorize
the creation of EPSCoR and EPSCoR-like programs in
six other federal agencies: the Departments of Energy,
Defense, and Agriculture; the National Aeronautics and
Space Administration; the National Institutes of Health;
and the Environmental Protection Agency. In FY 1992,
the EPSCoR Interagency Coordinating Committee (EICC)
was established between the federal agencies with EPSCoR
or EPSCoR-like programs. The major objectives of the

Table 5-A

EICC focused on improving coordination among and be-
tween the federal agencies in implementing EPSCoR or
EPSCoR-like programs consistent with the policies of par-
ticipating agencies. The participating agencies agreed to the
following objectives:

4 Coordinate federal EPSCoR and EPSCoR-like programs
to maximize the impact of federal support while eliminat-
ing duplication in states receiving EPSCoR support from
more than one agency.

4 Coordinate agency objectives with state and institutional
goals, where appropriate, to obtain continued nonfed-
eral support of science and technology (S&T) research
and training.

4 Coordinate the development of criteria to assess gains
in academic research quality and competitiveness and in
S&T human resource development.

¢ Exchange information on pending legislation, agency
policies, and relevant programs related to S&T research
and training and, when appropriate, to provide responses
on issues of common concern.

EPSCoR seeks to increase the R&D competitiveness of
an eligible state through the development and utilization of
the S&T resources residing in its major research universi-
ties. It strives to achieve this objective by (1) stimulating
sustainable S&T infrastructure improvements at the state
and institutional levels that significantly increase the ability
of EPSCoR researchers to compete for federal and private
sector R&D funding, and (2) accelerating the movement of
EPSCoR researchers and institutions into the mainstream of
federal and private sector R&D support.

In FY 2010, five EICC agencies spent a total of $460.1
million on EPSCoR and EPSCoR-like programs, up from
$225.3 million in 2001 (table 5-A). The Environmental
Protection Agency and the Department of Defense discon-
tinued issuing separate EPSCoR program solicitations in FY
2006 and 2010, respectively.

EPSCoR and EPSCoR-like program budgets, by agency: FY 2001-10

(Millions of dollars)

Agency 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
225.3 288.9 358.0 353.3 367.4 367.1 363.1 418.9 437.2 460.1

18.7 15.7 15.7 8.4 11.4 11.5 9.5 17.0 141 0.0

7.7 7.7 11.7 7.7 7.6 7.3 7.3 14.7 16.8 21.6

2.5 2.5 2.5 2.5 2.4 0.0 0.0 0.0 0.0 0.0

10.0 10.0 10.0 10.0 12.0 12.5 12.8 15.5 20.0 25.0

100.0 160.0 210.0 214.0 222.0 220.0 218.0 223.6 224.3 228.8

74.8 79.3 88.8 93.7 93.4 97.8 101.5 120.0 133.0 1471

11.6 13.7 19.3 17.0 18.6 18.0 14.0 28.1 29.0 37.6

DOD = Department of Defense; DOE = Department of Energy; EPA = Environmental Protection Agency; EPSCoR = Experimental Program to Stimulate
Competitive Research; NASA = National Aeronautics and Space Administration; NIH = National Institutes of Health; NSF = National Science Foundation;
USDA = U.S. Department of Agriculture

NOTE: EPA discontinued issuing separate EPSCoR program solicitations in FY 2006.
SOURCE: Data provided by agency EPSCoR representatives; collected by NSF Office of Integrative Activities, Office of EPSCoR, April 2011.
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Figure 5-5
Changes in share of academic R&D, by selected
S&E field: 1990-2000 and 2000-09

Physjical scjiencesj
Socizj:ll scierj]ces
Envirjonmejntal scjiencesj
Mathjemati(j:s

Computer sciences

[ 1990-2000°

Psychology B 2000-09

Engineering

Life sciences

Percentage points
NOTE: Fields ranked by change in share during 2000-09, in ascending
order.

SOURCE: National Science Foundation, National Center for Science
and Engineering Statistics, Survey of Research and Development
Expenditures at Universities and Colleges. See appendix table 5-6.
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Non-S&E R&D

Academic institutions spent a total of $2.4 billion on
R&D in non-S&E fields in FY 2009 (table 5-1), an increase
of 8% over the $2.2 billion spent in 2008.%!° This $2.4 billion
is in addition to the $54.9 billion expended on S&E R&D.
The federal government funds smaller proportions of R&D
in non-S&E than in S&E fields: 36% of the $2.4 billion in
non-S&E R&D in FY 2009.

The largest amounts reported for R&D in non-S&E fields
were for education ($921 million), business and manage-
ment ($341 million), and humanities ($253 million). Other
areas of non-S&E R&D include law, social work, commu-
nication, journalism, library science, and the visual and per-
forming arts.

Academic R&D by Institution

The prior discussion examined R&D for the academic
sector as a whole. This section discusses some of the differ-
ences that prevail across the types of academic institutions.

R&D Funding for Public and Private Universities
and Colleges

In FY 2009, public institutions received $37.5 billion in
academic S&E R&D and private institutions received $17.4
billion (appendix table 5-9).
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Figure 5-6
Federally financed academic R&D expenditures,
by agency and S&E field: FY 2009
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Expenditures at Universities and Colleges (FY 2009). See appendix
table 5-7.
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Although public and private universities rely on the same
major sources of R&D funding, the importance of the dif-
ferent sources varies substantially (figure 5-7). The federal
government provided 71% of the R&D funding for private
institutions but only 54% for public institutions. Conversely,
public institutions received around 9% of their R&D funding
from state and local governments, while private institutions
received a little over 2%.

Public academic institutions also supported a larger por-
tion of their R&D from their own sources—24%, compared
to 12% at private institutions. This larger proportion of in-
stitutional R&D funds in public institutions may reflect
the general-purpose state and local government funds that
public institutions have directed toward R&D. Private insti-
tutions in turn report a larger proportion of unrecovered indi-
rect costs (54% of their institutional total in FY 2009, versus
42% for public institutions). For both types of institutions,
these unrecovered indirect costs have declined over the past
decade, from 63% to 54% for private institutions and from
44% to 42% for public institutions (figure 5-8).
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Both public and private institutions received approxi-
mately 6% of their R&D support from industry in FY 2009.
The share of total R&D expenditures funded by all other
sources was also comparable, at 7% in public and 9% in pri-
vate institutions.

Table 5-1

Chapter 5. Academic Research and Development

Distribution of R&D Funds across Academic
Institutions

Academic R&D expenditures are concentrated in a rela-
tively small number of institutions. In FY 2009, 711 institu-
tions reported spending at least $150,000 on S&E R&D. Of
these, the top-spending 20 institutions accounted for 30% of
total academic R&D spending and the top 100 for 80% of
this spending (figure 5-9).

R&D expenditures at academic institutions in non-S&E fields: FY 2007-09

(Millions of current dollars)

2007 2008 2009
Total Federal Total Federal Total Federal
Field expenditures expenditures expenditures expenditures expenditures expenditures
All Non-S&E fields.......cccovevrieeiiriieeene 2,058 808 2,206 831 2,386 867
Business and management . 275 54 326 66 341 68
Communication, journalism,
and library science.........ccccceeeeeiennnes 90 31 90 29 108 30
Education.........ccocceeiieiiieiieeceeeenn 902 473 869 450 921 480
Humanities.......cccoceeieiieeiieceeeeen 242 60 246 56 253 60
LaW i 74 29 89 28 107 23
Social WOrK ......ceeeceeeiieiiieiieeiieeieeis 93 40 124 59 139 62
Visual and performing arts..........c........ 46 4 59 4 73 4
Other non-S&E fields .......cccceeveeriieennns 335 116 404 139 445 140

NOTE: Detail may not add to total because some respondents reporting non-S&E R&D expenditures did not break out total and federal funds by

non-S&E fields.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, Survey of Research and Development Expenditures at

Universities and Colleges.

Figure 5-7

Sources of R&D funding for public and private
academic institutions: FY 2009
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NOTE: Science and engineering R&D; non-S&E R&D not included.

SOURCE: National Science Foundation, National Center for Science
and Engineering Statistics, Survey of Research and Development
Expenditures at Universities and Colleges (FY 2009). See appendix
table 5-9.
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Figure 5-8
Components of institutional R&D expenditures for
public and private academic institutions: 1999-2009
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SOURCE: National Science Foundation, National Center for Science
and Engineering Statistics, special tabulations (2010) of Survey of
Research and Development Expenditures at Universities and
Colleges.
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Figure 5-9

Share of academic R&D, by institution rank in R&D
expenditures: FY 1989-2009

Percent
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NOTE: Science and engineering R&D; non-S&E R&D not included.

SOURCE: National Science Foundation, National Center for Science
and Engineering Statistics, special tabulations (2010) of Survey of
Research and Development Expenditures at Universities and
Colleges.
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The top 100 institutions are listed in appendix table 5-10.
The concentration of academic R&D funds among the top
100 institutions has remained largely constant over the past
two decades (figure 5-9). Similarly, the shares held by both
the top 10 and the top 20 institutions have not changed much
over the same period. (Even so, the identities of the uni-
versities in each of these groups have varied over time, as
universities increase or decrease their R&D activities. For
example, 5 of the top 20 institutions in FY 1988 were no
longer in the top 20 in FY 2008.)

A similar concentration is found among universities that
perform non-S&E R&D. The top 20 performers accounted
for 36% of the total non-S&E R&D expenditures in FY 2009
(appendix table 5-11).

R&D Collaboration between Academic Institutions

A persistent trend in academic R&D has been the growth
of research collaboration—notably evident in the growth of
jointly authored research articles (see later in this chapter for
details). This trend is also evident in flows of funds among
institutions to support collaborative research activities. One
indicator of this collaboration is the amount of total R&D
expenditures that is passed through to other academic insti-
tutions or received by institutions as subrecipient funding.!!

On this basis, the R&D funds for joint projects passed
through universities to other university subrecipients more
than doubled from FY 2000 to 2009, from $699 million to
$1.9 billion (figure 5-10 and appendix table 5-12). The FY
2009 value is about 3% of total academic R&D expendi-
tures that year, compared with 2% in 2000. In FY 2009,
$1.7 billion (89%) of these pass-through funds came from
federal sources.
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Figure 5-10
Total and federally funded academic R&D
pass-throughs: FY 2000-09

Dollars (billions)
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NOTE: Science and Engineering R&D; non S&E R&D not included.

SOURCE: National Science Foundation, National Center for Science
and Engineering Statistics, Survey of Research and Development
Expenditures at Universities and Colleges. See appendix table 5-12.
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Overall, $3.8 billion was passed through institutions to all
types of subrecipients in FY 2009 (including both academic
and nonacademic institutions), and $4.1 billion was received
as subrecipient funding from all types of pass-through enti-
ties (appendix table 5-12). Again, the majority of these funds
(85% of pass-through funds and 90% of subrecipient expen-
ditures) were from federal sources.

Infrastructure for Academic R&D

Physical infrastructure is an essential resource for the
conduct of R&D. Not long ago, the capital infrastructure
for R&D consisted primarily of research space (such as
laboratories and computer rooms) and instrumentation.
Accordingly, the square footage of a designated research
space and counts of instruments are principal indicators of
the status of research infrastructure.

Over the last 20 years, however, advances in informa-
tion technology have brought significant changes to both the
methods of scientific research and the infrastructure needed
to conduct R&D. The technologies, human interfaces, and
associated processing capabilities resulting from these in-
novations are often included in the term cyberinfrastruc-
ture. Cyberinfrastructure may involve mainly one resource,
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such as a network used to transfer data, or it may involve a
complex interaction of many resources resulting in sophis-
ticated capabilities, such as high-performance computation
or remote use of scientific instrumentation. No matter how
simple or complex these technologies and their human inter-
faces may be, cyberinfrastructure has become an essential
resource for science.

Indicators for research facilities, research equipment, and
cyberinfrastructure capacity are discussed in this section.
(For an overview of the sources of data used see the side-
bar, “Data on the Financial and Infrastructure Resources for
Academic R&D,” earlier in this chapter.)

Research Facilities

Research Space

At the close of academic FY 2009, research-performing
colleges and universities had 196.1 million net assignable
square feet (NASF) of research space available (appendix
table 5-13)."? This was 2.2% above the assignable square
footage at the end of FY 2007.

This increase represented continuity in a now two-decade
long trend of academic institutions investing to expand their
research space. Even so, the pace of growth has slowed in
the last few years. The 2.2% expansion over the FY 2007-09
period was the slowest since the 1988-90 period. (The rate
of increase peaked in 2001-03 at 11%, and has gradually
declined since then.)

The S&E field of biological/biomedical sciences current-
ly accounts for the largest portion of research space, or 50.3
million NASF in FY 2009 and 26% of the academic total
(figure 5-11 and appendix table 5-13)." The related field of
health/clinical sciences was the second largest, accounting
for 36.3 million NASF and 19% of the total. Still sizable are
engineering (30.2 million NASF, 15%), agricultural/natural
resources (29.5 million NASF, 15%), and physical sciences
(28.5 million NASF, 15%). The other fields are substantially
smaller: social sciences (5.5 million NASF, 3%), computer/
information sciences (5.2 million NASF, 3%), psychology
(5.2 million NASF, 3%), mathematics/statistics (1.5 million
NASF, 1%), and all other sciences (3.9 million NASF, 2%).

The aforementioned slowing pace of growth in overall
academic research space since FY 2005 has played out in a
variety of ways across the S&E fields (appendix table 5-13).
The large amount of space for biological/biomedical sci-
ences continued to expand at a substantial rate in both the
FY 2005-07 and 2007-09 periods. The agricultural/natural
resources field also increased its research NASF in both
periods. Engineering expanded in FY 2005-07, but had no
growth in the 2007-09 period.

Even so, the amount of research space available to a siz-
able number of S&E fields has experienced no growth or a
decline since FY 2005. Health/clinical sciences and physical
sciences, both fields with large amounts of research space,
experienced declines in each of the FY 2005-07 and 2007—
09 periods.'* The decline in the health/clinical sciences is
particularly notable, because this field exhibited some of the
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Figure 5-11
S&E research space at academic institutions,
by field: FY 1999 and 2009
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SOURCES: National Science Foundation, National Center for Science
and Engineering Statistics, Survey of Science and Engineering
Research Facilities. See appendix table 5-13.
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largest increases in research space in any S&E field in the
first half of the 2000 decade. While much smaller in NASF
size, the social sciences exhibited a research space decline in
both FY 2005-07 and 2007-09. And, also small, the math-
ematics/statistics field exhibited a decline in 2007-09.

Compared with other fields, the computer sciences ex-
hibited among the largest rates of increase in research space
from FY 2001 to 2007 (appendix table 5-13). Nonetheless,
its total research space, currently at 5.2 million NASF, is less
than most fields.

New Construction

Concomitant with the slowing expansion of overall aca-
demic research space, new construction also slowed in the
second half of the 2000 decade (table 5-2). The 16.2 million
NASF of new construction in FY 2002—-03 dropped to about
8.8 million in FY 200607, even if up somewhat, to 9.9 mil-
lion in FY 2008-09. Similarly, within the broad decline of
total research space, the amount and direction of change in
new construction varied significantly across the S&E fields.

The construction starts for new research space in the bio-
logical/biomedical sciences was the largest among all the
fields in FY 2006-07 and 2008—-09, or 2.9 million NASF
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Table 5-2
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New construction of S&E research space in academic institutions, by field and time of construction: FY 2002-09

Started in FY 2002 Started in FY 2004 Started in FY 2006 Started in FY 2008

Field or FY 2003 or FY 2005 or FY 2007 or FY 2009
Net assignable square feet (millions)

AlLFIEldS .o e 16.2 10.2 8.8 9.9
Agricultural and natural resources... 0.8 0.4 0.5 0.4
Biological and biomedical sciences ... . 4.0 3.2 2.9 3:5
Computer and information sciences............... 1.0 0.3 0.6 0.3
ENgineering ......cccceeiiiiiieiiieiiicecee e 2.2 1.5 1.3 2.1
Health and clinical sciences ...........ccccceeueennne 5.0 3.3 1.7 1.9
Mathematics and statistics...........ccccervereene * * * *
Physical sciences .........cccoceriiiiieciieiiieniees 2.1 0.8 1.0 1.0

Earth, atmospheric, and ocean sciences.... 0.6 0.3 0.3 0.1

Astronomy, chemistry, and physics............. 1.5 0.5 0.7 0.9

PSychology .....cccoecveiiiiiiieiiieiieceeee e 0.2 0.2 0.1 0.3

Social SCIENCES .....uuveeeiiiieeiiiee e 0.2 0.1 0.1 0.2

Other SCIENCES......ccueieiiiieeeiiee e 0.7 0.3 0.7 0.3

Research animal space...........cccceeieeriieriieenne 14 1.2 1.0 0.8
Share of total new construction square feet (%)

AlLFIEIAS .o 100.0 100.0 100.0 100.0
Agricultural and natural resources...... . 4.9 3.9 5.7 4.0
Biological and biomedical sciences ... . 24.7 31.4 33.0 35.4
Computer and information sciences............... 6.2 2.9 6.8 3.0
= To ][ a1=T=T 1oL PP 13.6 14.7 14.8 21.2
Health and clinical sciences ...........ccccceeueennnee 30.9 32.4 19.3 19.2
Mathematics and statistics.........cc.ccceeiineeenne * * * *
Physical sciences ........cccccoveiivciieieeeiiiiiciiieees 13.0 7.8 11.4 10.1

Earth, atmospheric, and ocean sciences.... 3.7 2.9 3.4 1.0
Astronomy, chemistry, and physics............. 9.3 4.9 8.0 9.1
[28537/e g To] (oo |V PP 1.2 2.0 1.1 3.0
SoCial SCIENCES ...cuveeruieriieeieesie et 1.2 1.0 1.1 2.0
Other SCIENCES.....c.eerieiiieeieeseeiee e 4.3 2.9 8.0 3.0
Research animal space..........ccccceeeeveeiicnineenns 8.6 11.8 11.4 8.1

* = >0 but <50,000 net assignable square feet

NOTES: Detail may not add to total because of rounding. Figures for research animal space listed separately and also included in individual field totals.
S&E fields are those used in the National Center for Education Statistics (NCES) Classification of Instructional Programs (CIP). NCES updates the CIP
every 10 years; S&E fields here reflect the NCES 2000 CIP update. For comparison of subfields in the FY 2005 and FY 2007 surveys, see S&E Research

Facilities: FY 2007, detailed statistical tables.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, Survey of Science and Engineering Research Facilities.

and 3.5 million NASF, respectively. Further back were the
health/clinical sciences (1.7 million NASF in FY 2006-07,
1.9 million in 2008-09) and engineering (respectively, 1.3
million and 2.1 million). All the other fields reported some
new construction starts in both FY 2006-07 and 2008-09,
but at levels well below the top three fields.

Academic institutions draw on various sources to fund
their capital projects, including the institutions’ own funds,
state or local governments, and the federal government.
For the construction of new research space initiated in FY
2008-09, about 62% of the funding came from institutions’
internal sources, 36% from state/local government, and the
remaining 3% from the federal government. This was similar
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to the new construction initiated in FY 2006-07, where the
funding shares were, 62%, 32%, and 6%, respectively. In
recent years, the federal portion of funding has been under
10% and declining, with the FY 2009 level the lowest for
several decades.

Research Equipment

In FY 2009, about $2.0 billion in current funds was spent
for academic research equipment (i.e., moveable items, such
as computers or microscopes) necessary for the conduct of
organized research projects (appendix table 5-14)." The cor-
responding totals in earlier years were $1.9 billion in FY



5-18 ¢

2008, $1.9 billion in FY 2004, and $1.3 billion in FY 1999.
Adjusted for inflation, the change in this spending from
2008 to 2009 was a 2% increase, which was an increase of
16% over the 1999 spending level, but a 9% decline from
the 2004 level.

The $2.0 billion of equipment spending in FY 2009 was
just under 4% of the $54.9 billion of total academic R&D
expenditures that year. In FY 2004, the share was somewhat
above 4% of the academic R&D total. In FY 1999, the frac-
tion was closer to 5%.

This equipment spending continues to be concentrated in
just a few S&E fields. In FY 2009, three fields accounted
for 82% of the annual total: life sciences (41%), engineering
(24%), and the physical sciences (17%). The shares for these
three fields have remained similarly predominant for many
years (appendix table 5-14). Even so, when adjusted for in-
flation, the annual level of equipment spending in all three
fields has declined since 2005—reversing a trend of steady
growth from FY 2001 to 2004 (figure 5-12).

Some of the funding for academic research equipment
comes from the federal government. These federal funds are
generally received as part of research grants or as separate
equipment grants. In FY 2009, the federal government sup-
ported 55% of total academic research equipment funding—
a figure that has fluctuated between 55% and 63% over the
last 20 years (appendix table 5-15). Nevertheless, the federal
share of funding varies significantly by S&E field, ranging
from 26% to 77% in 2009. In FY 2009, computer sciences
had the largest proportion of federally funded R&D equip-
ment (77%), with atmospheric sciences a close second (76%).

Cyberinfrastructure

Networking is an essential component of cyberinfrastruc-
ture. It facilitates research-related activities such as commu-
nication, data transfer, high-performance computation, and
remote use of instrumentation.'® In FY 2009, networking in-
frastructure on many academic campuses was pervasive and
still rapidly expanding in capability and coverage. Research-
performing institutions had more connections, bandwidth,
and campus coverage than they did earlier in the decade.”
(Network “bandwidth” is the amount of data that can be
transmitted in a given amount of time, typically measured in
bits per second.) Colleges and universities reported external
network connections with greater bandwidth, faster internal
network distribution speeds, more connections to high-speed
networks, and greater wireless coverage on campus.

Some academic cyberinfrastructure is dedicated primar-
ily to research activities. For example, universities may
have high-performance networks (such as the National
LambdaRail or networks to government agencies) available
almost exclusively for research activities, and this bandwidth
capacity is only for these activities. Nonetheless, universi-
ties may have other networks that are available to the en-
tire campus community for both research and non-research
activities, and this bandwidth capacity is not an indicator
solely of research capacity.
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Figure 5-12

Current fund expenditures for S&E research
equipment at academic institutions, by field:
1999-2009
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SOURCE: National Science Foundation, National Center for Science
and Engineering Statistics, Survey of Research and Development
Expenditures at Universities and Colleges. See appendix table 5-14.
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Bandwidth to External Connections

Academic institutions can have multiple networking re-
sources, at varying connection speeds. Internet1—the public
multiuse, commodity network often called the “Internet”—
is one such component. Many institutions also have direct or
indirect connections to high-performance networks that sup-
port the development and use of advanced applications and
technologies. In the academic community, these high-per-
formance networks are chiefly Internet2 (a high performance
backbone network providing leading-edge network services
to member colleges, universities, and research laboratories
across the country), the National LambdaRail (an advanced
optical network for research and education, organized by a
consortium of universities, private companies, and federal
labs), and connections to federal research networks.

Early in the 2000 decade, some academic institutions re-
ported no Internet] connections of any kind. By mid-decade,
all institutions had Internetl connections and bandwidth
speeds were increasing. Between FY 2005 and FY 2009,
the fraction of institutions with total Internet] and Internet2
bandwidth of more than 100 megabits per second increased
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from 52% to 80% (table 5-3). Furthermore, the share of in-
stitutions with total Internetl and Internet2 bandwidths of
1 gigabit per second or faster rose from 22% in FY 2005 to
45% in FY 2009. (If current institutional estimates are real-
ized, the percent of institutions with total bandwidths of 1
gigabit or faster will reach 52% in FY 2010.)

Bandwidth has increased broadly across all types of aca-
demic institutions. Nevertheless, a greater fraction of doc-
torate-granting institutions have the faster bandwidths. In
FY 2009, 87% of the institutions that granted doctorates had
total Internet]l and Internet2 bandwidth of at least 1 gigabit
per second, and 32% had bandwidth greater than 2.4 giga-
bits. In contrast, 71% of nondoctorate granting institutions
had total bandwidth at 1 gigabit per second or above and 8%
above 2.4 gigabits.

Part of the increase in institutions’ bandwidth can be
attributed to an increase in the number of connections to
high-performance networks (table 5-4). The number of con-
nections to Internet2 has grown gradually over the current
decade; by the end of FY 2009, a large majority (75%) of
institutions had Internet2 connections. Between FY 2007
and 2009, the percentage of institutions with connections to
the National LambdaRail increased, from 25% to 34% of all
institutions. The number of institutions anticipating connec-
tions to federal government high-performance networks such
as the Department of Energy’s ESnet or NASA’s NREN fur-
ther increased in FY 2009. Institutions have also begun con-
necting to more than one high-performance network—for

Table 5-3
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example, in FY 2009, 34% had connections to both Internet2
and the National LambdaRail.

Internal Institutional Networks

The bandwidth speeds of academic institutions’ internal
networks have also increased considerably. Since early in
the present decade, the percentage of institutions with slow-
er bandwidth has rapidly decreased while the percentage
with faster bandwidths has rapidly increased. In FY 2003,
66% of institutions had bandwidth less than 1 gigabit per
second, but by the end of FY 2009, only 19% did (table 5-5).
In FY 2003, no institutions had bandwidth speeds faster than
2.5 gigabits per second, but by FY 2009, 24% of academic
institutions did. By FY 2009, 82% of institutions had speeds
of 1 gigabit per second or faster.

In FY 2009, all academic institutions had at least some
wireless coverage in their campus buildings. In FY 2003,
only 14% of these institutions had more than half of their
building infrastructure covered by wireless; by FY 2009, the
comparable figure was 74%.

The Academic Doctoral
S&E Workforce

S&E doctorate holders in academia influence the nation’s
academic R&D enterprise in two key ways. They work in in-
stitutions that conduct academic R&D and produce the bulk of
academic articles and patents. Moreover, they teach individu-
als who then go on to earn S&E doctorates, many of whom

Bandwidth of commodity internet (Internet1) and Internet2 at academic institutions: FY 2005-10

(Percent distribution)

Bandwidth FY 2005 FY 2007 FY 2009 FY 20102

All bandwidth..........ccceeeeeiiiiiiieeeieciieees 100 100 100 100
No bandwidth .........cccceeeeeiiiiiiiiieeenn. 0 0 0 0
= 0 0o o TSR 6 3 1 1
11-100 mb 42 33 19 13
101-999 mb 30 31 35 34
1-2.4 gb 15 23 25 25
2.5-9 gb 4 4 5 6
10 gb...c......... * 2 4 7
>10 gb 2 4 11 14
(01 o1 PP * 0 0 0

Number of institutions...........cccccceeuneeen 449 448 495 494

*=>0 but <0.5%
mb = megabits per second; gb = gigabits per second

aFigures for 2010 are estimated.

NOTES: Details may not add to 100% due to rounding. Internet1, also termed commodity internet, is the general public, multiuse network often called
the “Internet.” Internet2 is a high-performance backbone network that enables the development of advanced Internet applications and the deployment
of leading-edge network services to member colleges, universities, and research laboratories across the country. Total bandwidth for FY 2009 and 2010
includes National LamdaRail bandwidth. The response categories in the FY 2005 survey varied slightly from those in the FY 2007 and 2009 surveys; in

the FY 2005 survey, the categories were “1 to 2.5 gb” and “2.6 to 9 gb.”

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, Survey of Science and Engineering Research Facilities.
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Table 5-4

Chapter 5. Academic Research and Development

Institutions with high-performance network connections, by type of institution: FY 2005-09

(Percent)

A federal State or regional
National government high-performance
Type of institution Internet2 LambdaRail research network network Other
FY 2005
All academic ........ccceeriveeeennes 68 10 11 na 12
Doctorate granting 82 11 13 na 15
Nondoctorate granting....... 38 7 6 na 6
PUublic ....cceeieeeeeee 73 11 12 na 14
Private ........cccoovieiiiiieenns 58 9 na 9
All biomedical .........ccccceveuuee. 24 2 1 na 3
Research institutions.......... 19 1 1 na 3
Hospitals ......cccouvveeereieiinnen 35 4 2 na 2
FY 2007
All academicC .......ccceevveeeeeneen. 70 25 11 55) 3
Doctorate granting ............. 81 32 13 59 4
Nondoctorate granting....... 46 10 4 43 1
PUbBIIC .o 75 29 12 61 3
Private ........ccooooeeiiiieeen. 61 17 8 41 3
All biomedical .........ccccvevennne 26 4 0 13 2
Research institutions.......... 20 3 0 10 3
[ [0X<] o] - | = T 37 6 0 19 2
FY 2009
All academic .......cccceeeueeerannes 75 34 13 60 8
Doctorate granting ............. 87 43 17 70 9
Nondoctorate granting........ 51 18 6 39 5
PUbliC ..o 83 41 16 73 7
Private ......cccooviiniiiene, 59 22 8 36 10
All biomedical ........ccccoereenene 29 10 2 15 1
Research institutions 22 11 1 16 1
Hospitals .....ccccveeveeieieienen 47 8 4 14

na = not applicable; data were not collected in FY 2005.

NOTES: Internet2 is a high-performance hybrid optical packet network. The network was designed to provide next-generation production services as
well as a platform for the development of new networking ideas and protocols. National LambdaRail (NLR) is an advanced optical network infrastructure
for research and education. NLR enables cutting-edge exploration in the sciences and network research. An institution may have a connection to more

than one high-performance network.

SOURCE: National Science Foundation/National Center for Science and Engineering Statistics, Survey of Science and Engineering Research Facilities.

will work in academia and contribute to academic R&D. The
focus of this section is on the research aspects of the employ-
ment of doctoral scientists and engineers in academia.

This section examines trends in the doctoral S&E aca-
demic workforce in terms of its demographic composition
and its deployment across institutions, positions, and fields.
Particular attention is paid to the component of the academic
workforce that is more focused on research, including grad-
uate assistants, those employed in postdoctoral positions,
and researchers receiving federal support.

The discussion in this section is limited to individu-
als, including foreign-born individuals, who received their
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S&E doctorate at a U.S. institution. (More than two-thirds
of foreign-born doctorate holders employed in the United
States earned their doctorate degree from a U.S. institution;
see chapter 3 for more information on foreign-born doc-
torate holders working in the United States). Owing to the
complex interrelationships among faculty and nonfaculty
positions that jointly produce R&D outcomes, much of the
discussion addresses the overall academic employment of
S&E doctorate holders, including those in nonfaculty posi-
tions. At various points the characteristics of full-time fac-
ulty are discussed.
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Trends in Academic Employment of Doctoral

Table 5-5 Scientists and Engineers
Highest internal network speeds, by highest . L .
degree granted: FY 2003-09 Academic employment of doctoral scientists and engi-
(Percent distribution) neers grew over the past three decades and reached a record
. high of 272,800 in 2008, about the same as the employment
zf::éé'ﬁs; e All academic __Highest degree granted numbers in 2006 (appendix table 5- 16).'8 However, the
Shecd institutions ~ Doctorate Nondoctorate change from 2006 was the smallest single-period increase
in estimated total academic employment since at least 1973.
100 100 100 . .
5 3 o The long-term growth rate in the number of doctoral sci-
64 55 88 entists and engineers employed in the academic sector was
33 43 10 slower than the rate of growth in the business and govern-
0 0 0 ment sectors (table 5-6). As a result, the share of all S&E doc-
8 8 g torate holders employed in academia dropped from 55% to
0 0 0 44% during the 1973-2008 period (table 5-7). In 2008, nearly
100 100 100 half of those with recently awarded S&E doctorate degrees
0 0 1 (that is, a degree awarded within 3 years of the survey year)
gg gg gg were employed in academia, with 18% of recent doctorate
1 1 0 holders employed in academic postdoc positions.*
3 4 0
* * 0 Academic Employment of S&E Doctorate Holders
108 108 108 The academic doctoral S&E workforce includes those
1 1 1 with a doctorate in an S&E field and employed in the fol-
24 18 39 lowing positions: full and associate professors (referred to
61 63 55 as “senior faculty”); assistant professors and instructors (re-
2 2 1 ferred to as “junior faculty”); postdoctoral researchers (re-
1? 12 g ferred to as “postdocs”); other full-time positions such as
1 1 1 lecturers, adjunct faculty, research associates, and adminis-
100 100 100 trators; and part-time positions of all kinds. Academic em-
1 N 1 ployment is limited to those employed in 2-year or 4-year
;2 152 gg colleges or universities.
2 3 1 Full-time faculty positions continue to be the norm in
18 24 5 academic employment, but S&E doctorate holders are in-
3 4 1 creasingly employed in other full-time positions, postdocs,
L L L and part-time positions (figure 5-13). The share of full-time
" =>0but <0.5% faculty among all academic S&E doctorate holders fell from
mb = megabits per second; gb = gigabits per second 88% in the early 1970s to 73% in 2008 (appendix table 5-16).
NOTE: Details may not add to 100% due to rounding. Over the same period, the share of other full-time positions
SOURCE: National Science Foundation, National Center for Science rose from 6% to 15%, the share of postdocs increased from
and Engineering Statistics, Survey of Science and Engineering 4% to 7%, and the share of part-time positions increased

Research Facilities.

from 2% to 6% of all academic S&E doctorate holders.
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Table 5-6

Average annual growth rate for employment of SEH doctorate holders, by sector: 1973-2008

(Percent)

Sector 1973-2008 1973-83 1983-93 1993-2003 2003-08

All SECTOIS...ceeiiiiieee et e e 3.3 5.4 2.5 2.0 1.8
=T (=0 o1 = S 2.4 4.1 2.0 2.0 1.0
Industry.......... 4.6 7.9 41 2.7 2.9
Government... 3.2 5.5 2.5 3.1 0.6
[ {31 RSN 2.7 5.3 0.5 -1.6 11.9

SEH = science, engineering, and health

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2011) of 1973-2008 Surveys of
Doctorate Recipients.
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The proportion of full-time faculty among S&E doctorate
holders in higher education fell in all fields during 1973—
2008, with the life sciences and psychology experiencing the
largest relative declines. Growth in postdoc positions and
other full-time positions accounted for the declining share of

Chapter 5. Academic Research and Development

full-time faculty positions in the life sciences, whereas the
growth in part-time and other full-time positions explained
the drop in share of faculty positions in psychology (appen-
dix table 5-16).

Over the past three decades, growth in the number of

Table 5-7

SEH doctorate holders employed in academia, by years since doctorate: Selected years, 1973-2008

(Percent)

Years since doctorate 1973 1983 1993 2003 2008

All employed doctorate holders .............. 54.8 48.4 45.9 45.6 43.8
S 55.2 48.0 50.5 53.7 49.6
BT s 55.8 44.9 47.0 47.7 48.3
28 e 54.2 49.4 45.0 44.2 42.1

SEH = science, engineering, and health

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2011) of 1973, 1983, 1993, 2003, and

2008 Surveys of Doctorate Recipients.

Figure 5-13

SEH doctorate holders employed in academia,
by type of position: 1973-2008
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NOTES: Academic employment limited to U.S. doctorate holders
employed at 2- or 4-year colleges or universities. Senior faculty
includes full and associate professors; junior faculty includes
assistant professors and instructors. Other full-time positions include
positions such as research associates, adjunct appointments,
lecturers, and administrative positions. Part-time positions exclude
those held by students or retired persons.

SOURCE: National Science Foundation, National Center for Science
and Engineering Statistics, special tabulations (2011) of 1973-2008
Surveys of Doctorate Recipients.
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life scientists with academic employment was consistently
stronger than for doctorate holders in other S&E fields (fig-
ure 5-14). Growth in academic employment slowed in the
early 1990s for engineering, social sciences, physical sci-
ences, and mathematics, but has increased since then in so-
cial sciences and mathematics (appendix table 5-16).

Women in Academic S&E Workforce

The number of women with S&E doctorates employed
in academia grew from 10,700 in 1973 to 93,400 in 2008,
more than an eightfold increase. In comparison, the num-
ber of male S&E doctorate holders increased 67% over the
period, from 107,200 in 1973 to 179,400 in 2008 (appendix
table 5-17).

These differential rates of increase are reflected in the
steadily rising share of women in the academic S&E work-
force. Women constituted 34% of all academic S&E doc-
toral employment and 31% of full-time faculty in 2008,
up from 9% and 7%, respectively, in 1973 (table 5-8 and
appendix table 5-17). Women’s share of academic S&E
employment increased markedly over time in all position
categories, though to a lesser degree in part-time positions.
Women have held a larger share of junior faculty positions
(includes assistant professors and instructors) than positions
at either the associate or full professor rank. However, as a
result of the decades-long trend in the rising proportion of
women earning doctoral degrees, coupled with their slightly
greater propensity to enter academic employment, the share
of women in all three faculty ranks rose significantly be-
tween 1973 and 2008. In 2008, women constituted 21% of
full professors, 37% of associate professors, and 42% of ju-
nior faculty (figure 5-15).

Compared with their male counterparts in the academic
doctoral S&E workforce, women were more heavily con-
centrated in the fields of life sciences, social sciences, and
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psychology, with correspondingly lower shares in engineer-
ing, the physical sciences, mathematics, and computer sci-
ences. Women’s share of doctorate holders in each of these
fields grew during the 1973-2008 period (appendix table

Figure 5-14

SEH doctorate holders employed in academia,
by degree field: 1973-2008

Thousands
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. Computer sciences
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SEH = science, engineering, and health

NOTES: Academic employment limited to U.S. doctorate holders
employed at 2- or 4-year colleges or universities, excluding those
employed part time who are students or retired. Physical sciences
include earth, atmospheric, and ocean sciences; life sciences include
biological, agricultural, environmental, and health sciences.

SOURCE: National Science Foundation, National Center for Science
and Engineering Statistics, special tabulations (2011) of 1973-2008
Surveys of Doctorate Recipients.
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5-17), with the most pronounced growth in share occurring
in engineering, the field in which women were the least well
represented.

Minorities in Academic S&E Workforce

Although the number of academic S&E doctorate hold-
ers who are members of underrepresented minority groups
(i.e., blacks, Hispanics, and American Indians/Alaska
Natives) has increased over time, they remain a small per-
centage of the total (appendix table 5-18). These groups
constituted about 9% of both total academic employment

Figure 5-15

Women as percentage of SEH doctorate holders
with full-time employment in academia, by academic
rank: Selected years, 1973-2008

Percent
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SEH = science, engineering, and health

NOTES: Academic employment limited to U.S. doctorate holders
employed at 2- or 4-year colleges or universities, excluding those
employed part time who are students or retired. Junior faculty
includes assistant professors and instructors.

SOURCE: National Science Foundation, National Center for Science
and Engineering Statistics, special tabulations (2011) of 1973, 1983,
1993, 2003, and 2008 Surveys of Doctorate Recipients.
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Table 5-8

Women as percentage of SEH doctorate holders employed in academia, by position: Selected years, 1973-2008

(Percent)

Position 1973 1983 1993 2003 2008

All positions 9.1 15.0 21.9 30.3 34.2
Full-time senior faculty. 5.8 9.3 14.2 22.8 26.8
Full-time junior faculty 11.3 23.5 32.2 40.5 41.9
Other full-time positions 14.5 23.1 30.2 33.1 40.9
Postdocs 14.3 30.1 30.8 38.0 39.4
Part-time positions ..o, 48.3 41.7 61.0 54.5 556.2

SEH = science, engineering, and health

NOTES: Academic employment limited to U.S. doctorate holders employed at 2- or 4-year colleges or universities. Senior faculty includes full and
associate professors; junior faculty includes assistant professors and instructors. Other full-time positions include positions such as research associates,
adjunct appointments, lecturers, and administrative positions. Part-time positions exclude those employed part time who are students or retired.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2011) of 1973, 1983, 1993, 2003, and

2008 Surveys of Doctorate Recipients.
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and full-time faculty positions in 2008, up from 2% in 1973.
Underrepresented minority groups have a relatively higher
share of employment in other positions, which includes part-
time positions, than in the full-time faculty and postdoc em-
ployment categories (table 5-9).

Underrepresented minorities were concentrated in dif-
ferent degree fields and different types of institutions than
whites. Compared with white S&E doctorate holders em-
ployed in academia, underrepresented minorities were rela-
tively concentrated in the social sciences and relatively less
represented in the physical sciences and the life sciences
(appendix table 5-18). Relatively fewer underrepresented
minorities were employed at research universities than
whites in 2008, and relatively more were employed at mas-
ter’s colleges and universities (table 5-10). (See chapter 2

Table 5-9

Chapter 5. Academic Research and Development

sidebar, “Carnegie Classification of Academic Institutions,”
for a brief description of the Carnegie categories.)

The share of Asians/Pacific Islanders employed in the
S&E academic doctoral workforce grew dramatically over
the past three decades, rising from 4% in 1973 to 14% in
2008. Asians/Pacific Islanders were heavily represented in
engineering and computer sciences, where they constituted
27% and 35%, respectively, of the S&E academic doctoral
workforce in 2008. Far smaller proportions of Asians/Pacific
Islanders were present in social sciences (8%) and psychol-
ogy (5%) (appendix table 5-18). A larger share of Asians/
Pacific Islanders than whites was employed at research uni-
versities and medical schools in 2008 (table 5-10).

Underrepresented minorities as percentage of SEH doctorate holders employed in academia, by position:

Selected years, 1973-2008

(Percent)

Position 1973 1983 1993 2003 2008

All POSItIONS ..t 2.0 3.7 5.0 7.9 8.9
Full-time faculty .........cooceeiiiiiiee 1.9 3.6 5.0 7.8 8.7
POStAOCS.......eeiiiiiieiiieie e 2.4 4.8 4.5 7.0 8.3
Other POSItIONS .....cceiveiiieiieiiee e 2.9 41 5.3 8.4 9.9

SEH = science, engineering, and health

NOTES: Underrepresented minorities include blacks, Hispanics, and American Indians/Alaska Natives. Academic employment limited to U.S. doctorate
holders employed at 2- or 4-year colleges or universities. Faculty includes full, associate, and assistant professors plus instructors. Other positions
include part-time positions and full-time positions such as research associates, adjunct appointments, lecturers, and administrative positions. Other

positions excludes those employed part time who are students or retired.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2011) of 1973, 1983, 1993, 2003, and

2008 Surveys of Doctorate Recipients.

Table 5-10
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SEH doctorate holders employed in academia, by Carnegie institution type and race/ethnicity: 2008

(Percent distribution)

All S&E doctorate Asian/Pacific Underrepresented
Institution type holders Islander White minority
AllLINSEIULIONS ..o 100.0 100.0 100.0 100.0
Doctorate-granting, very high research..... 41.7 50.0 40.9 33.6
Other doctorate-granting institutions ........ 17.8 171 18.0 17.8
Master’s colleges and universities............. 18.1 13.8 18.4 22.3
Medical schools/medical centers.............. 5.0 6.1 4.7 5.6
Baccalaureate colleges..........cccccoeenieiiennes 8.1 &3 8.9 8.4
Two-year institutions.........ccccceevveiiiiineenee. 3.6 1.8 3.8 4.6
(@] =Y 5.8 7.8 588 7.7

SEH = science, engineering, and health

NOTES: Underrepresented minorities include blacks, Hispanics, and American Indians/Alaska Natives. Academic employment limited to U.S. doctorate
holders employed at 2- or 4-year colleges or universities, excluding those employed part time who are students or retired. Institutions designated by 2005
Carnegie classification code. For information on these institutional categories, see The Carnegie Classification of Institutions of Higher Education, http://

classifications.carnegiefoundation.org/index.php.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2011) of 2008 Survey of Doctorate

Recipients.
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Foreign-Born U.S. S&E Doctorate Holders

Academia has long relied on foreign-born doctorate hold-
ers, many of them with doctorate degrees from U.S. uni-
versities, to staff faculty and other academic positions. No
current information is available about the number of foreign-
born individuals with foreign doctorates who are employed
at U.S. universities and colleges. The following discussion
is limited to foreign-born individuals with U.S. doctorates.

Academic employment of foreign-born U.S. S&E doctor-
ate holders has increased continuously since the 1970s at a
rate that has exceeded the growth in academic employment
of U.S.-born S&E doctorate holders (figure 5-16). As a re-
sult, the foreign-born share of the total academic employ-
ment of U.S. S&E doctorate holders increased from 12%
in 1973 to nearly 25% in 2008 (figure 5-16), and reached
particularly high proportions in engineering (46%) and com-
puter sciences (51%) (appendix table 5-19). In all fields, for-
eign-born doctorate holders were a larger share of postdoc
employment than of full-time faculty employment. Overall,
46% of postdoc positions were held by foreign-born U.S.
S&E doctorate holders, compared with 23% of full-time fac-
ulty positions and 23% of other full-time positions.

Of the 39,000 Asian/Pacific Islander doctorate holders
employed in academia in 2008, 9% were native-born U.S.
citizens, 44% were naturalized U.S. citizens, and 47% were
noncitizens. In 2008, Asians/Pacific Islanders represented
50% of the foreign-born faculty employed full-time in the
United States and 62% of the foreign-born doctorate holders

Figure 5-16

SEH doctorate holders employed in academia,
by birthplace: 1973-2008
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NOTES: Academic employment limited to U.S. doctorate holders
employed at 2- or 4-year colleges or universities, excluding those
employed part time who are students or retired.

SOURCE: National Science Foundation, National Center for Science
and Engineering Statistics, special tabulations (2011) of 1973-2008
Surveys of Doctorate Recipients.
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with postdoc appointments. In contrast, only 1% of native-
born full-time faculty and 5% of native-born postdocs were
Asians/Pacific Islanders.

Academic Researchers

The interconnectedness of research, teaching, and pub-
lic service activities in academia makes it difficult to assess
the precise size and characteristics of the academic research
workforce by examining the employment trends in academic
positions, because individuals employed in the same position
may be involved in research activities to differing degrees or
not involved in research. Therefore, self-reported research
involvement is a better measure than position title for gaug-
ing research activity.?® This section limits the analysis to
“academic researchers”—academic S&E doctorate holders
who reported that research is either their primary work ac-
tivity (that is, the activity that occupies the most hours of
their work time during a typical work week) or their second-
ary work activity (the activity that occupies the second most
work hours per week).

Doctoral S&E Researchers

From 1973 to 2008, the number of academic researchers
grew from 82,300 in 1973 to 184,700 in 2008 (appendix table
5-20). The 2008 total included 137,800 individuals employed
in full-time faculty positions. The proportion of academically
employed S&E doctorate holders that are researchers declined
slightly from 1993 (70%) to 2008 (68%) (figure 5-17). A

Figure 5-17

Academic researchers as percentage of SEH
doctoral employment, by position and involvement
in research: 1973-2008
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NOTES: Academic employment limited to U.S. doctorate holders
employed at 2- or 4-year colleges or universities, excluding those
employed part time who are students or retired. Full-time faculty
includes full, associate, and assistant professors plus instructors.
Research includes basic or applied research, development, and
design.

SOURCE: National Science Foundation, National Center for Science
and Engineering Statistics, special tabulations (2011) of 1973-2008
Surveys of Doctorate Recipients.

Science and Engineering Indicators 2012



5-26 ¢

nearly identical pattern of decline was observed for the share
of full-time faculty that reported research as a primary or sec-
ondary work activity. The proportions of researchers among
all academic S&E doctorate holders and all full-time faculty
were higher in the life sciences, engineering, and computer
sciences than in the social sciences and psychology (appendix
table 5-20). In most fields, the share of academic researchers
declined between 1993 and 2008.

A different picture emerges when only considering re-
searchers who report research as their primary work activ-
ity. In contrast to the declining share of academic employees
who reported research as their primary or secondary work
activity, the share who reported research as their primary
work activity steadily increased from 1973 to 2008 (figure
5-17). Taken together, these trends suggest that while re-
search as an important work activity is not becoming more
widespread among S&E doctorate holders employed in aca-
demia, a growing share of academic S&E positions are be-
coming research intensive.

Among full-time doctoral S&E faculty, the increased
share of doctorate holders reporting research as their pri-
mary work activity reflects a shift in priority from teach-
ing to research for many faculty. From 1973 to 2008, the
proportion of full-time faculty identifying research as their
primary work activity climbed from 19% to 36%, while the
share with teaching as their primary activity fell from 68% to
47% (figure 5-18). The balance of emphasis between teach-
ing and research varied across the disciplines, with a higher
share of faculty in the life sciences identifying research as
their primary work activity, and a higher share of faculty in
mathematics and social sciences reporting teaching as their
primary activity. Since 1991, the proportion of doctorate
holders who list research as a primary work activity declined
in physical sciences, computer sciences, and life sciences
fields, but grew in mathematics, psychology, engineering,
and the social sciences (appendix table 5-20).

Chapter 5. Academic Research and Development

Figure 5-18

Primary work activity of full-time doctoral SEH
faculty: 1973-2008
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Research includes basic or applied research, development, or
design.

SOURCE: National Science Foundation, National Center for Science
and Engineering Statistics, special tabulations (2011) of 1973-2008
Surveys of Doctorate Recipients.
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S&E Full-Time Faculty Researchers

Table 5-11 examines the relationship between research
and the career stage of S&E full-time faculty. The small-
est share of primary researchers occurred among the most
recently degreed faculty (33%). The share of faculty who
indicated research as their primary work activity increased

Table 5-11
SEH faculty reporting research as primary work activity, by years since doctorate and degree field: 2008
(Percent)
Mathematics Computer
Physical and and information Life Social
Years since doctorate All fields sciences  statistics sciences sciences Psychology sciences Engineering
All years since doctorate...... 35.8 33.4 30.8 37.2 42.7 33.7 27.7 38.8
18 s 33.2 22.8 32.6 44.2 27.5 30.6 29.5 58.7
BT e 48.3 32.3 59.6 56.0 53.1 37.8 41.0 71.0
811 e 40.8 35.1 33.5 38.5 49.3 36.8 31.0 46.8
212 e 34.5 34.3 27.6 35.3 42.5 34.4 25.7 31.6

SEH = science, engineering, and health

NOTES: Academic employment limited to U.S. doctorate holders employed at 2- or 4-year colleges or universities, excluding those employed part time
who are students or retired. Faculty includes full, associate, and assistant professors plus instructors. Research includes basic or applied research,
development, and design. Physical sciences include earth, atmospheric, and ocean sciences; life sciences include biological, agricultural, environmental,

and health sciences.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2011) of 2008 Survey of Doctorate

Recipients.
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with time since doctorate in the succeeding two cohorts, and
then fell in the last reported cohort (12 years or more since
doctorate). The higher share (48%) of primary researchers
within the second cohort, 4 to 7 years since doctorate, coin-
cides with the period during which many early career faculty
would be preparing to apply for tenure at their university,
and would have heightened motivation to complete research
projects and publish results. In the last cohort reported in
the table, 12 years or more beyond the doctorate, the share
of full-time faculty reporting research as a primary activ-
ity fell to 35%. Other responsibilities—such as mentoring
younger faculty, advising doctoral students, and accepting
major committee assignments or faculty leadership roles—
may become primary work activities for many faculty at this
career stage.

A similar pattern prevailed in most degree fields—the
share of faculty who indicated that research was their prima-
ry work activity increased through the early career cohorts
and then fell as faculty approached mid-career. Research
was more frequently a primary work activity for early career
faculty in engineering and computer sciences than for fac-
ulty in other fields (table 5-11).

Collaborative Research

Research in many fields has increasingly involved collab-
oration. This section describes S&E doctorate holders’ self-
reports of their collaboration with others using data from
the 2006 Survey of Doctorate Recipients.?! Information on
trends in coauthorship can be found later in this chapter un-
der “Coauthorship and Collaboration.”

In 2006, roughly 70% of S&E full-time research faculty
employed in academic institutions reported working with an
immediate work team or with others working elsewhere in
the same organization, nearly 60% worked with individu-
als in other organizations in the United States, and nearly
one-third worked with individuals located in other countries.
Team work is most common among life scientists, physical
scientists, and engineers, and least common among math-
ematicians and social scientists.

International collaboration was more common among for-
eign-born S&E full-time research faculty. Communication
by e-mail or telephone was, by far, the most commonly used
mode of international collaboration, followed by travel to
the United States by the foreign collaborator(s), foreign
travel by the U.S.-based collaborator, and communication
through web-based or virtual technology.

For a more extensive discussion of these topics, see the
“Collaborative Research” section in chapter 5 of the 2010
edition of Indicators (NSB 2010). For data on international
collaborative activity in the S&E workforce more generally,
see the “International Engagement by the Domestic S&E
Workforce” in chapter 3.

Graduate Research Assistants

The close coupling of advanced training with hands-on
research experience is a key strength of U.S. graduate educa-
tion. Many of the 434,100 full-time S&E graduate students

¢ 5-27

in 2008 (table 5-12) contributed significantly to the conduct
of academic research.

The number of research assistants (RAs)—full-time grad-
uate students whose primary mechanism of financial support
is a research assistantship—has grown faster than graduate
enrollment, both overall and in most fields. Graduate re-
search assistantships were the primary means of support for
27% of graduate students in 2008, up from 22% in 1973. In
the field distribution of RAs, there was a shift away from
the physical sciences and social sciences and into the life
sciences, computer sciences, and engineering. In engineer-
ing and the physical sciences in 2008, the proportion of RAs
was high relative to graduate enrollment; 42% of graduate
students in the physical sciences and 40% of engineering
graduate students were supported in their graduate study pri-
marily by research assistantships. In the life sciences, the
proportion of RAs relative to graduate enrollment was simi-
lar to the overall proportion across all fields (27%), possibly
reflecting the heavier reliance on postdoctoral researchers
rather than RAs in the life sciences fields (table 5-12).

The majority of the academic research workforce remains
employed in the intensive and very intensive research uni-
versities, although the research universities’ shares of both
academic researchers and of RAs have declined since 1973.
(See chapter 2 sidebar, “Carnegie Classification of Academic
Institutions,” for a brief description of the Carnegie catego-
ries.) During the 2003-2008 period, the research universi-
ties employed 48% of all S&E doctorate holders in academic
positions, 57% of those reporting research as their primary
or secondary activity, and 79% of S&E graduate students
for whom an RA was their primary means of support (table
5-13). Trends indicate a growing research presence by full-
time academic researchers at institutions not classified as
research universities, although RAs remain highly concen-
trated in the research universities.

Academic Employment in Postdoc Positions

The number of S&E doctorate holders employed in
academic postdoc positions climbed from 4,000 in 1973
to 18,000 in 2008 (appendix table 5-16).>> (See sidebar,
“Postdoctoral Researchers.”) During that time period, the
share of postdocs increased from 4% to 7% of all aca-
demically employed S&E doctorate holders. Postdocs were
much more prevalent in the life sciences, engineering, and
the physical sciences than in social sciences, although the
proportion of postdoc positions in physical sciences has de-
clined since the mid-1990s (figure 5-19 and appendix table
5-16).

The demographic profile of individuals employed in
academic postdoc positions has changed dramatically over
time. The proportions of postdocs held by women, racial/
ethnic minorities, and foreign-born individuals has climbed
since 1973 (table 5-14).
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Table 5-12
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Full-time SEH graduate students and graduate research assistants at universities and colleges, by degree field:

Selected years, 1973-2008

1973 1983 1993 2003 2008
Group and degree field Thousands Percent Thousands Percent Thousands Percent Thousands Percent Thousands Percent
Graduate students................ 161.6 100 252.0 100 329.6 100 398.0 100 4341 100
Physical sciences ............. 28.9 18 37.2 15 41.9 13 41.9 11 44.5 10
Mathematics .........ccccevenee 10.3 6 11.0 4 14.5 4 14.6 4 16.2 4
Computer sciences.. 2.9 2 10.6 4 17.4 5 30.9 8 31.3 7
Life sciences......c.ccoccereenes 40.6 25 69.2 28 91.6 28 123.2 31 138.8 32
Psychology .......ccccceeereens 15.2 9 26.6 11 34.8 11 35.8 9 421 10
Social sciences................. 32.4 20 43.5 17 55.6 17 61.3 15 68.2 16
Engineering........ccccoeeeeens 31.3 19 53.9 21 73.8 22 90.4 23 93.0 21
Graduate research
assistants .........cccoceeenee. 35.9 100 54.9 100 90.2 100 114.3 100 118.3 100
Physical sciences .... 8.9 25 12.6 23 17 19 18.1 16 18.7 16
Mathematics............. 0.7 2 0.8 2 1.4 2 1.8 2 1.9 2
Computer sciences.. 0.7 2 1.4 8 3.8 4 7.5 7 7.3 6
Life sciences........cccuennee. 9.4 26 16.5 30 28.0 31 35.5 31 37.4 32
Psychology .......ccccceeuvennne. 1.9 5 3.0 5 4.6 5 5.6 5 6.1 5
Social sciences.. 4.0 11 5.0 9 7.4 8 8.4 7 8.1 7
Engineering.......c..cccceevunees 10.4 29 15.6 28 28.0 31 37.4 33 37.0 31

SEH = science, engineering, and health

NOTES: Detail may not add to total because of rounding. Graduate research assistants are full-time graduate students with research assistantships
as primary mechanism of support. Physical sciences include earth, atmospheric, and ocean sciences; life sciences include biological, agricultural,

environmental, and health sciences.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2011) of 1973, 1983, 1993, 2003, and
2008 Surveys of Graduate Students and Postdoctorates in Science and Engineering.

Early Career Postdocs

A temporary postdoc appointment is a common stop
along the career path of S&E doctorate holders, particularly
during their early career stages. In 2008, 36% of recently de-
greed S&E doctorate holders in academia were employed in
postdoc positions, a figure that approached the share (42%)
employed in full-time faculty positions (appendix table
5-21). With the exception of 2003, the share of recently de-
greed S&E doctorate holders in academic postdoc positions
has exceeded the share holding full-time tenured or tenure-
track faculty positions since 1995 (figure 5-20). S&E doc-
torate holders 4 to 7 years beyond the doctorate degree were
far less likely than their recently degreed counterparts to be
employed in academic postdoc positions; in 2008, only 11%
of these doctorate holders held postdoc positions.

The vast majority of academic postdocs are employed at
very high research activity universities. In 2008, the share of
all academic postdocs employed at these institutions reached
75% (table 5-15). At the research universities, 70% of S&E
postdoc appointments in 2008 were held by recently de-
greed individuals, and 5% by doctorate holders who were
8 or more years past their degree. The postdoc populations
employed at medical schools and other universities and col-
leges included a larger pool of doctorate holders who had not
recently earned the doctorate degree.
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In comparison to 1995, a larger share of S&E doctorate
holders employed in academia in 2006, 45% versus 41%, had
held a postdoc appointment at some point in their career, and a
slightly larger share than in 1995 had been employed in post-
doc positions two or more times (table 5-16). Postdocs and
multiple postdocs are relatively more prevalent among early
career S&E doctorate holders than among the total pool of
S&E doctorate holders. Early career postdoc employment and
multiple instances of postdoc employment are typical for aca-
demic careers in the life sciences and the physical sciences
(table 5-16), the two fields of study that have had the highest
incidence of postdocs over the years (figure 5-19).

Government Support of Academic
Doctoral Researchers

The federal government provides academic research-
ers with a substantial portion of overall research support.
This section presents data from S&E doctorate holders in
academia who reported on the presence or absence (but not
magnitude) of federal support for their work.?



Science and Engineering Indicators 2012

Academic Scientists and Engineers Who Receive
Federal Support

In 2008, 45% of all S&E doctorate holders in academia
and 56% of those for whom research was a primary or sec-
ondary activity reported federal government support for
their work (appendix table 5-22). For S&E as a whole and
for many fields, the share of S&E doctorate holders and
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researchers receiving federal support has declined since the
early 1990s.

Faculty and other full-time S&E doctoral employees
were less likely than postdocs to receive federal support.
Throughout the 1973-2008 period, fewer than half of full-
time S&E faculty received federal support, whereas the
share of postdocs receiving federal support was above 70%.

Table 5-13
SEH doctorate holders and graduate research assistants employed in academia, by Carnegie institution type:
1973-2008
(Percent distribution)
Group and institution type 1973-83 1983-93 1993-2003 2003-08
All employed S&E doctorate holders... 100.0 100.0 100.0 100.0
Research universities..........cccocuuen 53.7 53.4 50.0 48.4
Doctorate-granting institutions.. 11.5 11.4 11.0 10.5
Comprehensive institutions ... 18.0 18.5 18.3 18.6
Other institutions ................ 16.8 16.8 20.7 22.6
Researchers......ccccccevvcieeiiciee e 100.0 100.0 100.0 100.0
Research universities .........ccccevvceeeiinennnne 64.8 62.2 57.8 56.8
Doctorate-granting institutions ................ 10.9 11.2 11.3 10.8
Comprehensive institutions...................... 12.4 13.9 14.5 15.1
Other iNStitutioNS ......ccveeeviieiciiieecieees 11.9 12.8 16.4 17.3
Graduate research assistants..........cccccccveiene 100.0 100.0 100.0 100.0
Research universities.........ccccevvceeeiinenerneen. 87.5 84.0 80.4 79.3
Doctorate-granting institutions.................... 9.3 10.1 11.8 11.8
Comprehensive institutions ...........c..cceccveenee 2.2 3.5 4.9 5.4
Other institutions ........ccoceeiicien e 1.0 2.4 2.9 4.5

SEH = science, engineering, and health

NOTES: Detail may not add to total because of rounding. Academic employment of S&E doctorate holders limited to those employed at 2- or 4-year
colleges or universities, excluding those employed part time who are students or retired. Researchers are S&E doctorate holders employed in academia
reporting research as a primary or secondary work activity; research includes basic or applied research, development, and design. Graduate research
assistants are full-time graduate students with research assistantships as primary mechanism of support. Institutions designated by 1994 Carnegie
classification code. Freestanding schools of engineering and technology included under comprehensive institutions. Other instititions includes
freestanding medical schools, 4-year colleges, specialized institutions, and institutions without Carnegie code. For information on these institutional
categories, see The Carnegie Classification of Institutions of Higher Education, http://classifications.carnegiefoundation.org/index.php.

SOURCES: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2011) of 1973-2008 Surveys of
Doctorate Recipients and Survey of Graduate Students and Postdoctorates in Science and Engineering.
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Postdoctoral Researchers

A postdoc is a temporary position in academia, in-
dustry, a nonprofit organization, or government, taken
after the completion of a doctorate. It serves as a period
of apprenticeship for the purpose of gaining scientific,
technical, and professional skills. Ideally, the individual
employed in a postdoc position gains these skills under
the guidance of an advisor, and with the administrative
and infrastructural support of a host institution and the
financial support of a funding organization. However, the
conditions of postdoc employment vary widely between
academic and non-academic settings, across disciplines,
and even within institutions, and formal job titles are an
unreliable guide to actual work roles.

Postdoctoral researchers have become indispensable
to the science and engineering enterprise and perform a
substantial portion of the nation’s research. Most have
recently earned the doctorate degree, and so they bring
a new set of techniques and perspectives that broadens
their research teams’ experience and makes them more
competitive for additional research funding. In addition
to conducting research, postdoctoral researchers also
educate, train, and supervise junior members, help write
grant proposals and papers, and present research results
at professional society meetings (COSEPUP 2000).
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Since 1991, the share of academic S&E doctorate holders
receiving federal support has declined in all position catego-
ries (appendix table 5-22).

Federal support is more prevalent in very high research
activity universities and medical schools. More than 60%
of S&E doctorate holders and full-time faculty employed in

Figure 5-19
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research universities and medical schools received federal
support in 2008 (appendix table 5-23). The percentage with
federal support was less than 30% among those employed
in doctoral/research universities, master’s-granting universi-
ties, and baccalaureate colleges.

SEH doctorate holders with academic employment in postdoc position, by degree field: Selected years, 1973-2008

Percent

- ] 1973 ] 1983 [ 1993 [ ] 2003 [ 2008

Physical sciences Mathematics Computer sciences Life sciences Psychology Social sciences Engineering

SEH = science, engineering, and health

NOTES: Data on computer sciences not available for 1973. Academic employment limited to U.S. doctorate holders employed at 2- or 4-year colleges or
universities, excluding those employed part time who are students or retired. Physical sciences include earth, atmospheric, and ocean sciences; life
sciences include biological, agricultural, environmental, and health sciences.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2011) of 1973, 1983, 1993, 2003, and

2008 Surveys of Doctorate Recipients.

Table 5-14
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SEH doctorate holders with academic employment in postdoc position, by demographic group: Selected years,

1973-2008

(Percent distribution)

Demographic group 1973 1983 1993 2003 2008
Sex
FEMAIE ... 16.7 30.1 30.8 37.6 39.4
MaIE ...t 83.3 69.9 69.2 62.4 60.6
Race/ethnicity
WHITE ...t 85.7 81.9 68.4 63.1 57.8
Asian/Pacific Islander ........c..ccooeiieiiiiieieeieee 11.9 13.3 27.1 30.6 33.9
Underrepresented minority .........cccoceevveeeicniieenieeneen. 2.4 4.8 4.5 7.0 8.3
Place of birth
United States .......cceevieiieiiieeee e 82.5 81.7 60.9 57.0 53.9
Foreign 17.5 18.3 39.1 43.0 46.1

SEH = science, engineering, and health

NOTES: Academic employment limited to U.S. doctorate holders employed at 2- or 4-year colleges or universities, excluding those employed part time
who are students or retired. Underrepresented minorities include blacks, Hispanics, and American Indians/Alaska Natives. Asian/Pacific Islander includes

Pacific Islanders through 1999 but excludes them in 2001-08.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2011) of 1973, 1983, 1993, 2003, and

2008 Surveys of Doctorate Recipients.
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Figure 5-20

Recent SEH doctorate holders employed in
academia, by position and years since doctorate:
1979-2008

Percent

80

70 Full-time tenured or tenure-track faculty,
4-7 years since doctorate

60 | Y Y~

50 [ Full-time tenured or tenure- - o™
| track faculty,1-3 years since doctorate

40
30

Postdoc, 1-3 years since doctorate
2

r Postdoc, 4-7 years since doctorate b

0
1979 1983 1987 1991 1995 1999 2003 2008

SEH = science, engineering, and health

NOTES: Academic employment limited to U.S. doctorate holders
employed at 2- or 4-year colleges or universities, excluding those
employed part time who are students or retired. Full-time tenured or
tenure-track faculty includes full, associate, and assistant professors
plus instructors.

SOURCE: National Science Foundation, National Center for Science
and Engineering Statistics, special tabulations (2011) of 1973-2008
Surveys of Doctorate Recipients.
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Table 5-15
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Federal Support of Early Career S&E
Doctorate Holders

Federal support has been less available to early career
S&E doctoral faculty than to more established faculty, and
the percentage of early career S&E faculty with federal sup-
port has declined. From 1973-2008, S&E doctorate hold-
ers with recently earned doctorates (i.e., doctorates earned
within 3 years of the survey) employed in full-time faculty
positions were far less likely to receive federal support than
those in postdoc positions (figure 5-21). In 2008, 27% of
recent doctorate recipients in full-time faculty positions re-
ceived federal support, down from 38% in 1991. Of recent
S&E doctorate recipients employed in postdoc positions in
2008, 71% received federal support, which was a substantial
decline from 1991 (84%)).

S&E doctorate holders employed as full-time faculty
who had received their doctorate 4—7 years earlier were
more likely to receive federal support than those with more
recently earned doctorates, and the same was true of those
employed in postdoc positions (figure 5-21). As with re-
cent doctorate recipients, the share of full-time faculty and
postdocs 4—7 years beyond the doctorate who received fed-
eral support also declined from 1991. The shares of early
career full-time faculty and postdocs with federal support
were higher in some fields (life sciences, physical sciences,
and engineering) than in others (mathematics and social sci-
ences) (appendix table 5-24).

SEH doctorate holders with academic employment in postdoc position, by Carnegie institution type and years

since doctorate: 2008
(Percent distribution)

Number of
postdocs Years since doctorate
Institution type (thousands) Total 1-3 4-7 28
AlLINSEIUIONS .o 18.0 100.0 68.6 25.6 5.8
Doctorate-granting, very high research..................... 13.5 100.0 69.7 25.2 5.1
Other doctorate-granting institutions ..........c..cccccueeee. 1.4 100.0 75.1 24.7 S
Medical schools/medical centers............ccccevueriuennee. 1.6 100.0 60.4 29.0 10.7
Other universities and colleges...........ccceeviiiincinenne 1.5 100.0 61.5 26.3 12.2

S = data suppressed for reasons of confidentiality and/or reliability

SEH = science, engineering, and health

NOTES: Academic employment limited to U.S. doctorate holders employed at 2- or 4-year colleges or universities, excluding those employed part time
who are students or retired. Institutions designated by 2005 Carnegie classification code. For information on these institutional categories, see The
Carnegie Classification of Institutions of Higher Education, http://classifications.carnegiefoundation.org/index.php.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2011) of 2008 Survey of Doctorate

Recipients.
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Table 5-16
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SEH doctorate holders employed in academia, by years since doctorate, number of postdoc positions held

during career, and degree field: 1995 and 2006

(Percent distribution)

All fields Life sciences _Physical sciences

Years since doctorate and postdocs (n) 1995 2006 1995 2006 1995 2006
All years since doctorate........cccceeeveuuveeeeen. 100.0 100.0 100.0 100.0 100.0 100.0
59.3 54.7 36.1 36.6 37.5 35.7

29.2 33.2 45.9 43.6 43.7 47.2

11.4 12.1 15.5 19.9 18.9 17.1

1-3 years since doctorate..........c.cccuee... 100.0 100.0 100.0 100.0 100.0 100.0
471 42.7 33.7 31.9 21.0 24.2

44.0 49.8 54.3 57.2 63.9 69.5

8.9 7.5 12.0 10.8 15.1 6.2

4-7 years since doctorate............cccocueeee 100.0 100.0 100.0 100.0 100.0 100.0
54.5 52.6 20.5 26.1 22.6 32,5

30.9 35.6 46.0 52.5 50.0 47.3

14.6 11.8 17.5 31.3 27.5 20.1

SEH = science, engineering, and health

NOTES: Academic employment limited to U.S. doctorate holders employed at 2- or 4-year colleges or universities, excluding those employed part
time who are students or retired. Physical sciences include earth, atmospheric, and ocean sciences; life sciences include biological, agricultural,
environmental, and health sciences. The number of postdoc positions held during career includes postdoc appointments outside academia.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2011) of 1995 and 2006 Surveys of

Doctorate Recipients.

Figure 5-21

SEH doctorate holders employed in academia
with federal support, by position and years since
doctorate: 1973-2008

Percent

100

Postdoc, 4-7 years
L e, since doctorate 1

{0 St ————

Postdoc, 1—3%/earsm
since doctorate

60

~ Ful-tme faculty, -7
years since doctorate

0
1973

1979 1983 1987 1991 1999 2003 2008

SEH = science, engineering, and health

NOTES: 1985 and 1993-97 data not comparable with other years and
understate degree of federal support. In 1985 and 1993-97, federal
support question asks whether work performed during week of April 15
was supported by government; in other years, question pertains to work
conducted over course of entire year. Academic employment limited to
U.S. doctorate holders employed at 2- or 4-year colleges or universities,
excluding those employed part time who are students or retired. Faculty
includes full, associate, and assistant professors plus instructors.

SOURCE: National Science Foundation, National Center for Science
and Engineering Statistics, special tabulations (2011) of 1973-2008
Surveys of Doctorate Recipients.
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Outputs of S&E Research:
Articles and Patents

Chapter 2 of this volume discusses the human capital
outputs of higher education in S&E. This section continues
that theme by examining the intellectual output of academic
S&E research using indicators derived from published re-
search articles and U.S. patent and related data.

Researchers have traditionally published the results of
their work in the world’s peer-reviewed S&E journals.?
Article-level data from these journals are indicators of
S&E research output by countries and—within the United
States—by academia and other sectors of the economy.”
(See sidebar “Bibliometric Data and Terminology.”) These
bibliometric data can also be used to track trends in S&E
research collaboration, using measures of coauthorship be-
tween and among departments, institutions, sectors, and
countries. Finally, citations in more current research articles
to previous research, and in patents to published research
articles, offer insight into the importance and impact of pre-
vious research and its connection to inventions.

S&E Article Output

Between 1999 and 2009, the total world S&E article
output in the SCI/SSCI database grew at an average annual
rate of 2.6% (table 5-17). Leading this growth was China at
16.8% per year, which propelled it from ninth largest S&E
article producer® in 1999 to second largest in 2009 behind
the United States. Very rapid growth of over 10% per year
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Bibliometric Data and Terminology

The article counts, coauthorships, and citations dis-
cussed in this section are derived from S&E articles,
notes, and reviews published in a set of scientific and
technical journals tracked by Thomson Scientific in the
Science Citation Index and Social Sciences Citation
Index (http://www.thomsonreuters.com/business_units/
scientific/). Journal items excluded are letters to the edi-
tor, news stories, editorials, and other material whose
purpose is not the presentation or discussion of scientific
data, theory, methods, apparatus, or experiments.

Journal selection. This section uses a changing set of
journals that reflects the current mix of journals and ar-
ticles in the world. Thomson Reuters selects journals each
year as described at http://www.thomsonreuters.com/
products_services/science/free/essays/journal_selection_
process/, and the selected journals become part of the SCI
and SSCI. The journals selected are notable for their rela-
tively high citation rank within their corresponding S&E
subfields; journals of only regional interest are excluded.

The number of journals analyzed by NSF from SCI/
SSCI was 4,093 in 1988 and 5,085 in 2010, an annual
growth rate of about 1.0%. These journals give good
coverage of a core set of internationally recognized peer-
reviewed scientific journals. The coverage extends to
electronic-only journals and print journals with electronic
versions. In the period 1988-2010, the database contained
14.6 million S&E articles, notes, and reviews. Over the
same period, the average number of articles, notes, and
reviews per journal per year increased from about 115 to
154, an annual growth rate of about 1.3%.

Article data. Except where noted, author means de-
partmental or institutional author. Articles are attributed
to countries or sectors by the country or sector of the in-
stitutional address(es) given in the articles, not by the na-
tional origins or the citizenship of the authoring scientists

was also experienced by South Korea and, from low bases,
by Iran, Tunisia, Thailand, Pakistan, and Malaysia.

Viewed regionally, growth in S&E article output over
the decade has been uneven. Mature economies had mod-
est growth or decline: the United States averaged 1.0%, EU
member countries 1.4%, while Japan declined by —1.1% per
year and Russia by —2.0%. Developing economies, mainly in
Asia, far outpaced this growth in S&E articles, where China
(16.8%) and South Korea (10.1%) were joined by Taiwan at
7.7%, Singapore at 8.2%, and India at 6.9% (table 5-17 and
appendix table 5-27).

The research portfolios of the U.S., EU, and Asian econ-
omies differ in important ways (NSB 2010; and appendix
tables 5-27 through 5-40):

4 China and Japan emphasize the physical sciences more
than the United States and European Union;

or engineers. If no institutional affiliation is listed, the
article is excluded from the counts in this chapter.

Likewise, coauthorship refers to institutional coau-
thorship. An article is considered coauthored only if it
shows different institutional affiliations or different de-
partments of the same institution; multiple listings of the
same department of an institution are considered one in-
stitutional author. The same logic applies to cross-sector
and international collaboration.

Two methods of counting articles are used: fractional
and whole counts. Fractional counting is used for arti-
cle and citation counts. In fractional counting, credit for
co-authored articles is divided among the collaborating
institutions or countries based on the proportion of their
participating departments or institutions. Whole counting
is used for coauthorship data. In whole counting, each
institution or country receives one credit for its participa-
tion in the article. (If authors list more than one depart-
mental or institutional affiliation, these are fractionalized
for article and citation counts; whole counts are used for
each affiliation in coauthorship data.)

Data in the first section only (“S&E Atrticle Output”)
are reported by publication year through 2009 as reported
in the data files through late January, 2011. These data
are noted as “by year of publication.” Publication data
in the remaining bibliometrics sections (‘“‘Coauthorship
and Collaboration,” “Trends in Output and Collaboration
Among U.S. Sectors,” and “Trends in Citation of S&E
Articles”) are reported through 2010. These data are not-
ed as “by data file year.”

The country/economy breakouts are reported in appen-
dix table 5-25. Data reported in this section are grouped
into 13 broad S&E fields and 125 subfields (appendix
table 5-26).

¢ The United States, European Union, and Japan produce
relatively more articles in the life sciences than China or
other Asian nations; and

# S&E research publications with authors in Asian countries
are more heavily concentrated in engineering than those
with authors in the United States or European Union.

Countries in Central and South America together in-
creased their S&E article output between 1999 and 2009 at
an annual rate of 5.6%. Brazil had the highest growth rate
in the region, at 7.7% (table 5-17 and appendix table 5-27).

The countries or other entities with indexed S&E articles
are always evolving.?’ In the current volume, 199 receive
credit for publishing S&E articles (appendix table 5-25).
Of these, a small number account for most of the publica-
tions.?® Table 5-17 shows that five countries (the United
States, China, Japan, the United Kingdom, and Germany)



5-34 ¢ Chapter 5. Academic Research and Development

Table 5-17
S&E articles in all fields, by country/economy: 1999 and 2009
Average annual 2009 world 2009 cumulative
Rank Country 1999 2009 change (%) total (%) world total (%)
e Lo o 610,203 788,347 2.6 na na
1 United States........cooeeeeeceerercrerererererenens 188,004 208,601 1.0 26.5 26.5
2  China.......... 15,715 74,019 16.8 9.4 35.8
3  Japan.......... 55,274 49,627 -1.1 6.3 421
4 United Kingdom .. 46,788 45,649 -0.2 5.8 47.9
L € 1=y 4 P=1 o 42,963 45,003 0.5 5.7 53.6
(ST 1 - 13 To T 31,345 31,748 0.1 4.0 57.7
A O 13- o £ 22,125 29,017 2.7 3.7 61.4
8  HalY e 20,327 26,755 2.8 3.4 64.7
9  South Korea.. 8,478 22,271 10.1 2.8 67.6
10  Spain... 14,514 21,543 4.0 2.7 70.3
11 India.... 10,190 19,917 6.9 2.5 72.8
12 AUSHralia..c s 14,341 18,923 2.8 2.4 75.2
13 Netherlands.....cocoooeeeeeeeeeseeeeeeeeeeeeeeees 12,168 14,866 2.0 1.9 771
B (Tt - 17,145 14,016 -2.0 1.8 78.9
15 6,643 14,000 7.7 1.8 80.7
16 5,859 12,306 7.7 1.6 82.2
17 9,890 9,478 -0.4 1.2 83.4
18 8,195 9,469 1.5 1.2 84.6
19 3,223 8,301 9.9 1.1 85.7
20 5,100 7,355 3.7 0.9 86.6
21 5,713 7,218 2.4 0.9 87.5
22 665 6,313 25.2 0.8 88.3
23 5,929 6,304 0.6 0.8 89.1
24 4,783 5,306 1.0 0.7 89.8
25  Finland.... 4,719 4,949 0.5 0.6 90.4
26  Greece.... 2,626 4,881 6.4 0.6 91.1
27  Austria .... 4,158 4,832 1.5 0.6 91.7
P22 TN [TV 3,043 4,440 3.9 0.6 92.2
P24 IS 11 To =T o o (Y 1,897 4,187 8.2 0.5 92.8
FCT0 I oY s (0o - 1,711 4,157 9.3 0.5 93.3
31 MEXICO ..eereeeeeerererereeeeeeenaeeneene s neneeeeees 2,884 4,128 3.7 0.5 93.8
32  Czech Repubilic... 2,360 3,946 5.3 0.5 94.3
33  Argentina.............. 2,636 3,655 3.3 0.5 94.8
34  New Zealand.... 2,915 3,188 0.9 0.4 95.2
35  South AffiCa ..cveeeeeeeeeeeeercee e 2,303 2,864 2.2 0.4 95.5
36 Ireland...ccooeeeeeeeeeee e 1,459 2,798 6.7 0.4 95.9
FC A o (1 To = 2,200 2,397 0.9 0.3 96.2
FCTS T =o'V o) 1,293 2,247 5.7 0.3 96.5
39  Thailand.. 549 2,033 14.0 0.3 96.7
40  Chile.... 1,059 1,868 5.8 0.2 97.0
41 Ukraine ... 2,355 1,639 -3.6 0.2 97.2
42 ROMENIA ... 917 1,367 4.1 0.2 97.4
T |V = 1= - 471 1,351 11.1 0.2 97.5
S (oY= o - 708 1,234 5.7 0.2 97.7
L 1T o - NA 1,173 NA 0.1 97.8
46  Croatia.... 647 1,164 6.0 0.1 98.0
47  Pakistan.. 296 1,043 13.4 0.1 98.1
48  Tunisia..... 257 1,022 14.8 0.1 98.3
49  Slovakia 979 1,000 0.2 0.1 98.4

na = not applicable; NA = not available

NOTES: Countries/economies shown produced 1,000 articles or more in 2009. Countries/economies ranked on 2009 total. Article counts from set of
journals covered by Science Citation Index (SCI) and Social Sciences Citation Index (SSCI). Articles classified by year of publication and assigned to
country/economy on basis of institutional address(es) listed on article. Articles on fractional-count basis, i.e., for articles with collaborating institutions
from multiple countries/economies, each country/economy receives fractional credit on basis of proportion of its participating institutions. Detail does not
add to total because of countries/economies not shown.

SOURCES: National Science Foundation, National Center for Science and Engineering Statistics, and The Patent Board™, special tabulations (2011)
from Thomson Reuters, SCI and SSCI, http://thomsonreuters.com/products_services/science/. See appendix table 5-27.
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accounted for more than 50% of the total world S&E article
output in 2009. The 49 countries in table 5-17—one quarter
of the countries in the data—produced 98% of the world to-
tal of S&E articles.

The number of journals covered by SCI/SSCI has expand-
ed to accommodate the rising number of research articles.
Most of the increase reflects activity in new S&T centers.
Figure 5-22 shows how the number of published articles has
grown over the past 20 years, from 485,000 articles in 1989
to 788,000 in 2009. Non-U.S. articles have increasingly
dominated world S&E article output, growing from 63% to
74% of the total. The expansion of non-U.S. S&E articles
signals the return on decades of increased investments in
higher education and the more recent conviction that R&D
is essential to economic growth and competitiveness. It also
reflects a slowdown in the growth of U.S. S&E article output
to around 1% or less in recent years.

In Figure 5-22, co-authored articles are pro-rated to U.S.
sectors and foreign countries, depending on their fraction
of the institutional addresses. These fractions were then re-
summed to produce the shares shown in the figure. But that
method of allocating credit for S&E article authorship does
not show the relationships among the authors, author sectors,
and country authors that together illuminate the extent to

Figure 5-22
World S&E articles, by author characteristic:
1988-2009

Thousands
800

B u.s. academic institution
700 | [l U.S. non-academic institution

D Non-U.S. institution
600 | g
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NOTES: Article counts from set of journals covered by Science
Citation Index (SCI) and Social Sciences Citation Index (SSCI).
Articles classified by year of publication and assigned to country and
sector on basis of institutional address(es) listed on article. Articles
on fractional-count basis, i.e., for articles with collaborating
institutions from multiple countries/sectors, each country/sector
receives fractional credit on basis of proportion of its participating
institutions. Sector not available for non-U.S. articles.

SOURCES: National Science Foundation, National Center for
Science and Engineering Statistics, and The Patent Board™,
special tabulations (2011) from Thomson Reuters, SCI and SSCI,
http://thomsonreuters.com/products_services/science/.
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which S&E research is an increasingly global, collaborative
undertaking. The following sections explore these growing
collaborative and international dimensions of world S&E re-
search as indicated by data on S&E publications. Together
these indicators will describe a growing globalization of the
social system of scientific knowledge production and the
global use of its outputs.

Coauthorship and Collaboration

Article output trends since about the mid-1990s have two
defining features: the rapid growth of articles with authors
from the developing world, and a rise in the percentage of
global article output that is the result of collaboration among
researchers internationally. Articles with authors from dif-
ferent institutions in the United States and from differ-
ent countries have continued to increase, indicating rising
knowledge creation, transfer, and sharing among institu-
tions and across national boundaries.?”** This section cov-
ers broad trends in coauthorship for the world as a whole
and continues with an examination of country-level trends,
including selected country-to-country coauthorship patterns
and indexes of international collaboration.’' Indicators of
cross-sector coauthorship, which are available only for the
United States, are examined below in the section “Trends in
Output and Collaboration Among U.S. Sectors.”

Article Author Names and Institutions

Earlier volumes of this report have noted the imbalance
between the growth in number of S&E articles and the
growth in the number of authorship credits to institutions
and individuals that produced those articles (NSB 2008, 08-
01, figure 5-29; NSB 2010, 10-01, table 5-16). The much
faster growth in authorship credits to institutions and indi-
viduals—in all broad fields—has been used as an indicator
of a steady rise in the collaborative nature of S&E research,
both domestically and internationally.

Figure 5-23 shows the same trend, but here data are re-
stricted to articles with at least one U.S. academic author.
Over the period 1990-2010, the number of such articles in
the data analyzed in this section increased by an average of
1.6% annually. In contrast, the number of institutions list-
ed on these articles grew over twice as fast at 4.1% annu-
ally, and the number of author names grew even faster, at
4.4% annually.

Figure 5-24 focuses on the authors per paper for S&E ar-
ticles by field with an author from the U.S. academic sector
over the same 20-year period. In two decades, the average
number of author names per paper in all S&E fields grew from
3.2 to 5.6. The average number of authors per paper more than
quadrupled in astronomy (3.1 to 13.8) and doubled in phys-
ics (4.5 to 10.1). Growth in the average number of coauthors
was slowest in the social sciences (from 1.6 authors per paper
in 1990 to 2.1 in 2010) and in mathematics (from 1.7 to 2.2).
In short, papers authored by a single U.S. academic scientist
or engineering are becoming an increasingly small minority
of the published literature. NSF analysis shows that in 2010,
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Figure 5-23

U.S. academic S&E articles, institutional authors,
and author names: 1990-2010
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NOTES: Article counts from set of journals covered by Science
Citation Index (SCI) and Social Sciences Citation Index (SSCI).
Articles classified by year they entered database. Articles counted on
a whole-count basis. All articles have at least one U.S. academic
author and may have authors from other sectors and from outside
the U.S. Author name counted each time it appears in data set.
Authors assigned to institution on basis of institutional address listed
on article; authors from separate departments each counted as
individual institutional author; multiple authors from same
department of institution considered as one institutional author.

SOURCES: National Science Foundation, National Center for
Science and Engineering Statistics, and The Patent Board™, special
tabulations (2011) from Thomson Reuters, SCI and SSCI,
http://thomsonreuters.com/ products_services/science/.
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Figure 5-24
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92.4% of all S&E articles with at least one U.S. academic au-
thor had two or more author names.

A closely related indicator, coauthored articles (i.e., ar-
ticles with authors in different institutions or departments or
in more than one country) has also increased steadily. Figure
5-25 contrasts these trends for the world as a whole with
those for articles with at least one U.S. academic author.
Coauthored articles grew from 42% of the world’s total S&E
articles in 1990 to 67% in 2010. This growth has two parts.
Coauthored articles that list only domestic institutions grew
from 33% of all articles in 1990 to 43% in 2010. Articles that
list institutions from more than one country, that is, interna-
tionally coauthored articles (which also may have multiple
domestic institutional authors), grew more dramatically—
from 10% to 24% over the same period.

The percent of S&E articles with a U.S. academic author
that is internationally coauthored is higher than the percent
of total world international coauthorships (figure 5-25).
Purely domestic coauthorship in this sector has been rela-
tively flat in the United States, at about 43% of total U.S.
academic articles from 1990 to 2010. Over the same period
U.S. academic articles with a non-U.S. coauthor have grown
strongly, from 12% to 32%. (These coauthorships may also
include multiple domestic U.S. coauthors.) The remainder of
this section takes a closer look at patterns within this broad
increase in international coauthorship around the world.

Number of authors per U.S. academic S&E article, by S&E field: Selected years, 1990-2010

Number
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Allfields  Physics Astronomy Medical Biological Geo-  Agricultural Chemistry Engineering Other life  Psychology Computer — Mathe- Social

sciences  sciences  sciences

sciences sciences matics sciences

NOTES: Data from set of journals covered by Science Citation Index (SCI) and Social Sciences Citation Index (SSCI). Articles classified by year they
entered database. All articles have at least one U.S. academic author and may have authors from other sectors and from outside United States.

SOURCES: National Science Foundation, National Center for Science and Engineering Statistics, and The Patent Board™, special tabulations (2011) from
Thomson Reuters, SCI and SSCI, http://thomsonreuters.com/products_services/science/.
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Figure 5-25

World and U.S. academic S&E articles coauthored domestically and internationally: 1990-2010
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NOTES: Article counts from set of journals covered by Science Citation Index (SCI) and Social Sciences Citation Index (SSCI). Articles classified by year they
entered database, rather than year of publication, and assigned to country/economy on basis of institutional address(es) listed on article. Articles on
whole-count basis, i.e., each collaborating institution or country credited one count. Internationally coauthored articles may also have multiple domestic

coauthors.

SOURCES: National Science Foundation, National Center for Science and Engineering Statistics, and The Patent Board™, special tabulations (2011) from
Thomson Reuters, SCI and SSCI, http://thomsonreuters.com/products_services/ science/.

International Coauthorship Patterns From a
Country Perspective

International coauthorship can be considered from two per-
spectives: (1) a country’s level of participation in the world’s
total S&E coauthorships, and (2) a country’s international co-
authorship vis-a-vis the country’s total S&E authorship.

World total S&E coauthorship. Table 5-18 shows the
world’s countries/economies that account for 1% or more of
internationally coauthored S&E articles, and how their rela-
tive standing, or rank, has changed over the past 10 years.
U.S.-based researchers were coauthors of 43% of the world’s
total internationally coauthored articles in 2010, well above
the global percentage of U.S. article output. Germany, the
United Kingdom, and France were also leading contributors
to the world’s internationally coauthored articles. The most
notable trend in this indicator, however, was the rise of au-
thors from China, who increased their share of world inter-
nationally coauthored S&E articles from 5% to 13% over the
last 10 years.

Individual region/country coauthorship. Table 5-19 com-
pares a region/country’s share of total world international co-
authorship with the region/country’s internal or domestic rate
of international coauthorship. The table is restricted to coun-
tries that had institutional authors on at least 5% or more of the
world’s internationally coauthored S&E articles in 2010 (see
also appendix table 5-41).

The sheer volume of U.S. internationally coauthored
articles dominates these measures: 32% of U.S. articles in
2010 were internationally coauthored, up from 23% in 2000.

Science and Engineering Indicators 2012

Even higher rates of international coauthorship are evident
among the countries of the European Union, where large
Framework Research Programs have strongly encouraged it,
and in Switzerland. Both Japan’s and Asia-8’s international
coauthorship rates have increased over the past 10 years, and
more countries passed the 50% mark over the decade.

Table 5-19 also shows China’s idiosyncratic position on
this indicator. Table 5-17 shows that China’s S&E article
output grew sufficiently over the decade to place it as the
world’s second largest S&E article-producing nation. At the
same time, China’s internationally coauthored articles as
a share of its total article output remained almost flat and,
at 27%, was the lowest percentage of all countries/regions
shown on Table 5-19. This atypical measure shows that
China’s very rapid S&E article growth has been driven by
articles with solely domestic authors (see discussion below
of China’s rates of internal and international citations).

What accounts for specific coauthorship relationships?
Linguistic and historical factors (Narin et al. 1991), geog-
raphy, and cultural relations (Glénzel and Schubert 2005)
play a role. In recent years, coauthorships in Europe have
risen in response to EU policies and incentives that active-
ly encouraged intra-European cross-border collaboration.
However, strong ties among science establishments in the
Asian region, without the formal framework that charac-
terizes Europe, indicate that regional dynamics can play a
strong role in the development of collaborative ties. The dis-
cussion below in the section “International Collaboration in
S&E” identifies strong coauthorship relationships in specific
country pairs across the world, based on the strength of their
coauthorship rates.
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Table 5-18

Share of internationally coauthored S&E articles

worldwide, by region/country: 2000 and 2010

(Percent)
Country/economy 2000 2010
United States............ocoeee.... 43.8 42.9
Germany......ccceeeeeeeeeeeneeennes 20.0 18.8
United Kingdom ................ 19.0 18.7
France......cccooevvveevisenicnnns 15.3 13.8
(07 311 ¥- I 5.0 13.0
Canada.....cccceeerereeeeeeenenne 9.3 10.1
172 )Y 9.3 9.4
Japan 10.4 8.2
Spain..... 6.1 8.1
Australia....... 5.3 7.1
Netherlands.... 6.7 6.9
Switzerland . 5.8 6.1
Sweden ....... 5.4 4.8
South Korea 2.3 4.4
Belgium ....... 4.0 4.3
Russia... 6.9 3.7
[0 - U 2.1 3.3
Brazil.....ccoceeoeeerieiciieeenn 2.8 3.0
PaYULS] (- R 2.6 2.9
Denmark.....cccoceveeieveienenns 3.1 2.9
Poland ......ccccoovveeieinenens 3.2 2.6
ISFa€l oo 3.0 2.3
Finland.......cooeeeeieiieces 2.6 2.2
TalWwan....cocoveeereeeeeeeeeneees 1.4 2.2
NOIrWay .....ccoocereeevereeienene 1.7 2.1
Portugal........cccooveieiinens 1.2 1.9
Singapore......c.cccceveverernene 0.8 1.8
Czech Republic................. 1.5 1.8
(=TT oY 1.4 1.6
Y/ (=Y ([ o 1.7 1.6
1.3 1.5
0.9 1.4
1.0 1.4
1.3 1.3
0.8 1.2
1.7 1.2
0.8 1.1
0.2 1.0

NOTES: Internationally coauthored articles have at least one

collaborating institution from indicated country/economy and an
institution from outside that country/economy. Article counts from
set of journals covered by Science Citation Index (SCI) and Social
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International Coauthorship With the United States

Table 5-20 lists the 31 countries whose institutions ap-
peared on at least 1% of U.S. internationally coauthored arti-
cles in 2010. U.S. authors are most likely to coauthor articles
with colleagues from the United Kingdom (14.1%), China
(13.7%), Germany (13.3%), and Canada (11.8%).

Table 5-19 shows that the rate at which U.S. research-
ers participate in international collaboration is below that
of many countries with smaller science establishments. The
large size of the U.S. S&E establishment results in a share

Table 5-19

International collaboration on S&E articles, by
selected region/country: 2000 and 2010

(Percent distribution)

Share of
Share of world’s
region/country internationally
total article coauthored
output articles
Region/country 2000 2010 2000 2010
United States................. 23 32 44 43
EU
France......c.cccooeeeenens 42 56 15 14
Germany ........ceceeeuee. 39 54 20 19
taly oo 39 48 9 9
Netherlands ............... 45 56 7 7
Spain....cccccceeeeceeeenn 36 50 6 8
United Kingdom......... 35 53 19 19
Other Western Europe
Switzerland ................ 52 68 6 6
Asia
China.....coooeeeeennieenen. 26 27 5 13
Japan .....cccceeeeeeeicineens 19 28 10 8
Asia-8.....cccoceerienienne 24 30 8 13
Other
Australia..........cceeueee. 33 49 5) 7
Canada .....ccccceevueenneen. 36 48 9 10

EU = European Union

NOTES: Internationally coauthored articles have at least one
collaborating institution from indicated country/economy and an
institution from outside that country/economy. Article counts from
set of journals covered by Science Citation Index (SCI) and Social
Sciences Citation Index (SSCI). Articles classified by year they
entered database, rather than year of publication, and assigned
to country/economy on basis of institutional address(es) listed

Sciences Citation Index (SSCI). Articles classified by year they
entered database, rather than year of publication, and assigned

to country/economy on basis of institutional address(es) listed

on article. Articles on whole-count basis, i.e., each collaborating
country/economy credited one count. Countries/economies with less
than 1% of world’s 2010 international articles omitted.

SOURCES: National Science Foundation, National Center for
Science and Engineering Statistics, and The Patent Board™, special
tabulations (2011) from Thomson Reuters, SCI and SSCI, http://
thomsonreuters.com/products_services/science/. See appendix
table 5-41.
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on article. Articles on whole-count basis, i.e., each collaborating
country/economy credited one count. Countries/economies with
less than 5% of 2010 international total omitted. See appendix
table 5-25 for countries/economies included in Asia-8, which in this
table is treated as a single country. Detail adds to more than 100%
because articles may have authors from more than two countries/
economies.

SOURCES: National Science Foundation, National Center for
Science and Engineering Statistics, and The Patent Board™, special
tabulations (2011) from Thomson Reuters, SCI and SSCI, http://
thomsonreuters.com/products_services/science/.

Science and Engineering Indicators 2012
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Table 5-20
International coauthorship of S&E articles with the United States, by selected country/economy: 2000 and 2010
(Percent)
2000 2010
U.S. share of Country/economy U.S. share of Country/economy
country/economy share of U.S. country/economy share of U.S.
Country/economy international articles international articles international articles international articles
43.8 na 42.9 na
30.9 13.4 32.3 14.1
35.2 4.0 45.2 13.7
29.7 13.6 30.4 13.3
52.1 11.0 49.9 11.8
25.6 8.9 27.5 8.8
32.0 6.8 33.4 7.3
42.3 10.0 36.9 7.0
59.8 3.2 53.8 5.5
35.4 43 32.0 5.3
27.0 3.8 27.9 5.3
29.7 4.5 31.1 5.0
31.2 41 31.1 4.4
27.6 3.4 29.2 3.3
51.8 3.5 53.9 2.8
38.9 25 39.7 2.8
61.2 1.9 51.2 2.6
38.1 1.8 33.5 25
23.3 2.1 24.7 2.5
24.8 3.9 271 2.3
29.6 2.1 30.8 2.0
26.7 1.6 25.9 1.8
Poland.......cccevieiiiiiieiie e 26.3 1.9 27.4 1.7
MEXICO ... 42.3 1.6 44.4 1.6
Finland .......cccoooiiiiiiiieiieceee 30.8 1.8 28.8 1.5
NOIWaAY ....ceevieiieiiieeiee e 28.0 1.1 28.9 1.4
GIrEECE ..eviuieeeiee e 27.2 0.9 35.0 1.3
SiNgaPOre.......cocveveiveeiiierieiieeeenn 27.0 0.5 31.0 1.3
New Zealand.........ccccoeeveeriieniunnnne 33.1 1.0 34.4 1.2
South Affica .....ccceeeeiveeirieienees 33.2 0.8 36.5 1.2
TUIKEY oo 39.7 0.7 40.6 1.1
Argentina.........cceeevieciiinieceee 34.6 1.0 35.0 1.1

na = not applicable

NOTES: Internationally coauthored articles have at least one collaborating institution from indicated country/economy and an institution from outside that
country/economy. Article counts from set of journals covered by Science Citation Index (SCI) and Social Sciences Citation Index (SSCI). Articles classified
by year they entered database, rather than year of publication, and assigned to country/economy on basis of institutional address(es) listed on article.
Articles on whole-count basis, i.e., each collaborating country/economy credited one count. Countries/economies ranked on percentage of their share of
U.S.’s international articles in 2010; countries/economies with less than 1% of U.S.’s 2010 international articles omitted.

SOURCES: National Science Foundation, National Center for Science and Engineering Statistics, and The Patent Board™, special tabulations (2011) from
Thomson Reuters, SCI and SSCI, http://thomsonreuters.com/products_services/science/. See appendix table 5-41.

of U.S. internationally coauthored articles that is lower than
those of most other countries. Scientists and engineers in
countries with smaller S&E establishments, in order to find
an appropriate coauthor, must more frequently turn to co-
authors abroad, resulting in relatively larger shares of those
countries’ S&E articles that are coauthored with U.S. scien-
tists and engineers. These relationships are summarized in
table 5-20.
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For example, 2.8% of U.S. internationally coauthored
articles in 2010 had an Israeli coauthor. The correspond-
ing figure for Israel, with its much smaller scientific infra-
structure, is 53.9%. Also, 49.9% of Canada’s internationally
coauthored articles had a U.S. coauthor, but only 11.8% of
U.S. international coauthorship was with a colleague at a
Canadian institution.’? Linguistic, geographic, and other ties
underlie these collaborations.

Notable changes in these patterns of U.S. international
coauthorship parallel changes in other indicators discussed
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in this section. As China’s total S&E article output grew rap-
idly, so did its coauthorship with U.S. authors: the U.S. share
of China’s internationally coauthored articles increased
about 10 percentage points to 45.2% over the past decade,
and China’s share of U.S. internationally coauthored articles
increased 9.7 percentage points to 13.7% (table 5-20). In
contrast, U.S. scientists and engineers lost relative share of
international coauthorship elsewhere (e.g. Japan, Australia,
Taiwan, and South Korea) as their counterparts broadened
the geographic scope of their collaborations with foreign sci-
entists and engineers.

An Index of International Collaboration in S&E

The size of countries’ S&E systems conditions the scope
and reach of their international collaborations (Gldnzel and
Schubert 2004). An index of international collaboration
addresses this issue. This index is a ratio of country A’s
percentage of country B’s international coauthorships to
country A’s percentage of total international coauthorship
(Narin et al. 1991) (see sidebar, “Calculating the Index of
International Collaboration”). An index value substantially
greater than | indicates strong collaborative ties, and a value

Calculating the Index of
International Collaboration

Appendix table 5-41 contains the raw data for cal-
culating the 2010 indexes of international collabora-
tion contained in appendix table 5-42. Using the data
for the world, China, and the United States, the 2010
U.S.-China index is computed as follows:

¢ China-U.S coauthorships as a proportion of U.S.
international coauthorship = 10,917 / 79,581 =
0.1372

¢ China’s percentage of total international coauthor-
ship = 24,164 / 185,303 = 0.1304

¢ US.-China coauthorships as a percentage of
China’s international coauthorship = 10,917 /
24,164 =0.4518

¢ U.S. percentage of total international coauthorship
=79,581 /185,303 = 0.4295

The indexes for any country pair are always sym-
metrical. The China-U.S. and U.S.-China index are the
same, as follows:

4 China-U.S. index: 0.1372 /0.1304 = 1.05 and
¢ U.S.-China index: 0.4518 /0.4295 =1.05

The 2010 China-U.S. index value is essentially 1,
the “expected” index value when two countries co-
author with each other at the same rate as they coau-
thor with all countries. This is an increase since 1995,
when the index was 0.83.
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substantially below 1 signals relatively infrequent collabo-
ration. The 1995 and 2010 indexes for country pairs that
produced more than 1% of all internationally coauthored ar-
ticles in 2010 are shown in appendix table 5-42.

Table 5-21 lists the international collaboration index for
selected pairs of countries. In North America, the Canada-
United States index shows a rate of collaboration that is
slightly greater than would be expected based solely on the
number of internationally coauthored articles produced by
these two countries, and the index has changed little over the
past 15 years. The United States-Mexico index is just about
as would be expected and is also stable.

Mexico-Argentina scientific collaboration networks are
strong at 3.5, well above expected levels. In South America,
the collaboration index of Argentina-Brazil, at 5.1, is one of
the highest in the world.

Collaboration indexes between pairs of countries on
opposite sides of the North Atlantic are all low and have
changed little over the past 15 years. In Europe, collabora-
tion patterns are mixed but most have increased, indicating
growing integration across the European Union for S&E
article publishing. Among the large publishing countries
(Germany, the United Kingdom, and France) collabora-
tion was less than expected, but grew in all three countries
over 15 years. A particularly strong collaboration network
has developed between scientists in Poland and the Czech
Republic.

The Scandinavian countries® increased their collabora-
tion indexes with many countries elsewhere in Europe (ap-
pendix table 5-42). Within Scandinavia, the indexes are
among the highest in the world (table 5-21).

Cross-Pacific collaboration patterns are mixed. Japan-
United States collaboration fell below the expected value
over the 15 years, while the United States-China index rose
to 1. U.S. collaboration with South Korea and Taiwan weak-
ened but remained higher than expected in both cases. The
international collaboration indexes between Canada and
countries in Asia are lower than the U.S.-Asia indexes.

Collaboration indexes within Asia and across the South
Pacific between the large article producers are generally
higher than expected, but have experienced some weakening.
Australia’s coauthorships are strongly linked to New Zealand.
Two strongly collaborating pairs are South Korea-Japan and
Australia-Singapore, but each of these networks has declined
in strength. India’s collaborations with both South Korea and
Japan grew stronger between 1995 and 2010.

Trends in Output and Collaboration Among
U.S. Sectors

In the U.S. innovation system, ties between and among
universities, industry, and government can be beneficial for
all sides. These ties include the flows of knowledge among
these sectors, for which research article outputs and col-
laboratively produced articles are proxy indicators. S&E
articles authored at academic institutions have for decades
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Table 5-21

Index of international collaboration on S&E
articles, by selected country/economy pair:
1995 and 2010

International
collaboration

index
Country/economy pair 1995 2010
North/South America
Canada-United States.. 1.16 1.16
Mexico-United States... 0.97 1.03
United States-Brazil .........cccceeecveeeineennn. 0.89 0.92
Argentina-Brazil...........cccoccoeeiiiieeniee 3.93 5.12
Mexico—-Argenting.........ccoecoveeriieeerineeenne 2.48 3.46
North Atlantic
UK-United States ........cccecceevecieeiiceenne 0.68 0.75
Germany-United States..........cccoeceeriene 0.66 0.71
France-United States ... 0.59 0.64
Canada-France......... 0.60 0.78
Europe
France—-Germany ..........ccceceeveereeeieeennne. 0.74 0.98
France—UK ......cooooiiiiiieee e 0.71 0.93
Germany—UK ........cccooeeiieeieenieeseenieene 0.64 0.93
Belgium-Netherlands...........cccccoceerineeenne 2.41 2.85
Italy-Switzerland........... 1.48 1.53
Poland-Czech Republic... 1.96 3.93
Hungary-Germany.............. 1.22 1.42
Germany—Czech Republic ..........cceeueenee 1.23 1.40
Scandinavia
Finland-Sweden .........ccccoecceerecieeeieenne 3.45 3.97
Norway—Sweden..........cccoecveereereerieeennne. 4.30 4.16
Sweden-Denmark.. 3.29 3.54
Finland—-Denmark.......cccceeeecueeeeeeeieecnnnes 2.73 3.02
Pacific Rim
Japan-United States ........ccccccveeeccieennnes 1.04 0.86
China-United States.......cccccccceeevveeeneen. 0.83 1.05
South Korea-United States..................... 1.39 1.25
Taiwan-United States.........ccccccceeeeenenne 1.59 1.19
China—Canada 0.75 0.74
Japan-Canada 0.64 0.56
Asia/South Pacific
China—Japan......ccccccceeeeceeeeiceeeecee e 1.49 1.26
South Korea-Japan .........ccccecceeeeceeennnes 2.49 1.94
Australia-Singapore..........ccccceerieeeieeennne. 2.01 1.66
Australia—China........cccceeeeeveeeeecieecceenne 1.11 1.06
Australia—New Zealand...........cccccceeeuenen 4.49 3.92
INdia—Japan ........ccccceeeeereeeiiiieee e 0.72 1.13
India—South Korea .........cccceevecveeeinennnn. 1.25 212

UK = United Kingdom

NOTES: International collaboration index shows first country’s rate
of collaboration with second country divided by second country’s
rate of international coauthorship. Article counts from set of journals
covered by Science Citation Index (SCI) and Social Sciences Citation
Index (SSCI). Articles classified by year they entered database, rather
than year of publication, and assigned to country/economy on basis
of institutional address(es) listed on article. Articles on whole-count
basis, i.e., each collaborating country/economy credited one count.

SOURCES: National Science Foundation, National Center for
Science and Engineering Statistics, and The Patent Board™, special
tabulations (2011) from Thomson Reuters, SCI and SSCI, http://
thomsonreuters.com/products_services/science/. See appendix
table 5-42.
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accounted for more than 70% of all U.S. articles, and this
percentage has been slowly rising—to 76% in 2010 (table
5-22), primarily as a result of declines in articles with au-
thors from industry (for a discussion of this shift, see NSB
2008). This section contrasts U.S. academic authorship with
nonacademic authorship, including output trends by sector
and trends in coauthorship, both between U.S. sectors and
between U.S. sectors and authors abroad.

Article Output by Sector

Total annual S&E articles by authors in U.S. nonacadem-
ic sectors changed little over the past decade, ranging from
48,000 to 55,000 articles®* per year between 1995 and 2010
(appendix table 5-43). The number of articles produced by
scientists and engineers in the federal government and in
industry was more than 15,000 in each sector in 1995 but
slowly declined through 2010, and each sector lost share
over that period (table 5-22). State and local government au-
thorship, dominated by articles in the medical and biological
sciences, has remained constant. Scientists and engineers in
the private nonprofit sector increased their output to about
18,000 in 2008 and then declined to near 17,000 in 2010
(appendix table 5-43).

Federally funded research and development centers
(FFRDCs) are research institutions that are sponsored by
federal agencies and administered by universities, industry,
or other nonprofit institutions. FFRDCs have specialized
research agendas closely related to the mission of the spon-
soring agency and may house large and unique research in-
struments not otherwise available in other research venues.

Table 5-22

U.S. S&E articles, by sector: Selected years,
1995-2010

(Percent)

Sector 1995 2000 2005 2010
Federal government ....... 7.9 7.2 6.6 6.1
INAUSErY...ooeeiiieeeiereee 8.1 7.3 6.4 5.8
AcademicC ..........ceevennen. 71.6 72.8 74.6 76.1
FFRDCs............ 2.8 2.7 2.8 2.4
Private nonprofit............. 8.0 8.5 8.2 8.6
State/local government... 1.0 0.9 0.9 0.9

FFRDCs = federally funded research and development centers

NOTES: Detail does not add to 100% because joint and unknown
sectors omitted. Article counts from set of journals covered by
Science Citation Index (SCI) and Social Sciences Citation Index
(SSCI). Articles classified by year they entered database, rather than
year of publication, and assigned to sector on basis of institutional
address(es) listed on article. Articles on fractional-count basis, i.e.,
for articles with collaborating institutions from multiple sectors,
each sector receives fractional credit on basis of proportion of its
participating institutions.

SOURCES: National Science Foundation, National Center for
Science and Engineering Statistics, and The Patent Board™, special
tabulations (2011) from Thomson Reuters, SCI and SSCI, http://
thomsonreuters.com/products_services/science/. See appendix
table 5-43.
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Although authors at FFRDCs published articles in all of the
broad S&E fields considered in this chapter, articles in phys-
ics, chemistry, and engineering together represented 71%
of publication by this sector in 2010, reflecting the more
specialized research programs in FFRDCs (appendix table
5-43).%

In contrast, articles published by authors in the private
nonprofit sector are primarily in the medical sciences (54%
of the sector’s articles in 2010) and biological sciences
(25%) (appendix table 5-43). Federal government authors
show a similar pattern, with 30% in the biological sciences
and 28% in the medical sciences.

Trends in Sector Coauthorship

Coauthorship data are indicators of collaboration at the
sectoral level between U.S. institutional authors and between
U.S. sectors and foreign institutions.*® These data show that
the growing integration of R&D activities, as measured by
coauthorship, is occurring across R&D-performing U.S. in-
stitutions in all sectors.

Chapter 5. Academic Research and Development

Overall, the largest increases in this integration have been
driven by increased coauthorship between U.S. academic
authors and non-U.S. authors (in all sectors; NSF data do
not identify the sectors of non-U.S. authors) (table 5-23).
Co-authorship between non-U.S. authors and U.S. academic
authors increased over the decade by 9.9 percentage points.

Between 2000 and 2010, coauthorship within sectors in-
creased for all U.S. sectors.?” Coauthorship within academia
rose from 39% in 2000 to 47% in 2010. FFRDC to FFRDC
coauthorship increased 6 percentage points (table 5-23).
Because most publishing scientists and engineers are in the
academic sector, non-academic scientists and engineers turn
to academia for collaborators, so the resulting rates of cross-
sector coauthorship with academic authors are quite high
and continue to increase. Because of the predominance of
the academic sector in S&E article publishing in the United
States, academic scientists and engineers have been on the
forefront of integrating S&E research across institutions,
both nationally and internationally.

Table 5-23
U.S. S&E article coauthorship, by sector, foreign coauthorship, and U.S. coauthor sector: 2000 and 2010
(Percent)
U.S. coauthor sector
Foreign Federal Private State/local
Sector coauthor  government Industry Academic FFRDCs nonprofit  government
2000
Federal government.................. 21.2 18.1 9.2 55.0 3.1 9.6 2.5
INAUSEIY ..o 22.5 9.6 14.5 45.6 3.1 10.3 1.5
AcademiC.......cccervvereerieeieneenns 21.7 7.8 6.2 38.6 2.8 9.2 1.5
FFRDCS .....veieiveeeeeeeeeee e 35.0 8.0 7.6 51.2 13.4 4.2 0.2
Private nonprofit .........ccceeenee 20.4 8.4 8.6 57.0 1.4 25.1 2.4
State/local government............. 11.7 16.2 9.4 68.2 0.6 18.2 13.8
2010
Federal government.................. 29.6 21.8 10.6 64.8 4.6 14.9 3.1
INAUSEIY ..o 31.5 11.8 19.3 55.4 3.8 16.0 2.1
ACAAEMIC .....eevereerieree e 31.6 8.3 6.4 46.9 3.4 11.7 1.6
FFRDCS ...c.veeeeeieeeeieeeeeeeeees 46.4 10.9 8.0 62.2 19.4 8.0 0.3
Private nonprofit .......c.cccceeennee 31.6 10.8 10.5 66.5 2.5 30.3 2.8
State/local government............. 18.8 18.8 11.5 75.6 0.7 23.1 15.6
2000-10 change (percentage points)
Federal government.................. 8.4 3.7 1.4 9.8 1.5 5.2 0.6
INAUSEIY ..o 9.1 2.2 4.8 9.8 0.7 5.7 0.6
ACAAEMIC .....veeeereeeereeneeeeeneenne 9.9 0.5 0.2 8.3 0.6 2.4 0.1
FFRDCS ...c.oeieerieeieeeeeeeeeeene 11.3 2.9 0.4 11.0 6.0 3.7 *
Private nonprofit ........ccccceeenne 11.2 2.5 1.9 9.5 1.0 5.2 0.3
State/local government............. 71 2.6 2.1 7.4 0.1 4.9 1.8

* = rounds to zero

FFRDCs = federally funded research and development centers

NOTES: Article counts from set of journals covered by Science Citation Index (SCI) and Social Sciences Citation Index (SSCI). Articles classified by year
they entered the database, rather than year of publication, and assigned to sector on basis of institutional address(es) listed on article. Articles on whole-
count basis, i.e., each collaborating country or sector credited one count. Articles from joint or unknown sectors omitted. Articles may have authors from
more than two sectors. Articles with authors from a single sector omitted from table.

SOURCES: National Science Foundation, National Center for Science and Engineering Statistics, and The Patent Board™, special tabulations (2011) from
Thomson Reuters, SCI and SSCI, http://thomsonreuters.com/products_services/science/.
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As discussed earlier in this chapter, international col-
laboration has increased rapidly in the United States.
International coauthorship across the U.S. sectors rose by
7—11 percentage points between 2000 and 2010 (table 5-23).
Articles from FFRDCs reached the highest rate of collabora-
tion with foreign authors, at 46%, followed by those from
academia, private nonprofit institutions, industry, and the
federal government, at roughly 30% each.

Trends in Citation of S&E Articles®

Citations indicate influence, and they are increasingly in-
ternational in scope. When scientists and engineers cite the
published papers resulting from prior S&E research, they are
formally crediting the influence of that research on their own
work.** Citations are generally increasing in volume relative
to S&E articles. In 1992, an S&E article received, on aver-
age, 1.85 citations. In contrast, an S&E article in 2010 re-
ceived on average 2.32 citations (Figure 5-26). Articles with
U.S. authors tended to receive more citations than others, but
the gap narrowed over the period as the total share of U.S.-
authored articles declined.*

Like the indicators of international coauthorship dis-
cussed above, cross-national citations are evidence that
S&E research is increasingly international in scope. Two
other trends accompanied the steady growth of internation-
al citations in the world’s S&E literature: changing shares
of total citations across countries and changing shares of
highly cited S&E literature. These are discussed in the fol-
lowing sections.

Citation Trends in a Global Context

Shares of the world total of citations to S&E research ar-
ticles have changed concurrently with shares of the world
total of these articles. Table 5-24 shows, for example, that
between the periods 1996-98 and 2006-08, the U.S. share
of world S&E articles declined from 32% to 28% across all
fields.*! The U.S. share declined in every broad field, al-
though the decline varied in size. Table 5-24 shows parallel
trends for the U.S. share of citations and indicates an even
larger decline, from 45% to 36%.

China’s share of total world S&E articles and citations
increased over the same period. However, in contrast to the
global trend of increasing international citations, China’s
pattern has been different. Unlike the United States and
other large article-producing countries/regions, the share of
China’s citations that are international citations decreased
between 2000 and 2010, from 60% to 51% (figure 5-27),
suggesting that much of the use of China’s expanding S&E
article output—as indicated by citations to those articles—is
occurring within China.*

Trends in Highly Cited S&E Literature

Another indicator of performance of a national or region-
al S&E system is the share of its articles that are highly cited.
High citation rates can indicate that an article has a greater
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Figure 5-26

Average citations per S&E article, by country of
author: 1992-2010
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NOTES: Article/citation counts from set of journals covered by Science
Citation Index (SCI) and Social Sciences Citation Index (SSCI). Articles
classified by year they entered database, rather than year of publication,
and assigned to country/economy on basis of institutional address(es)
listed on article. Articles on fractional-count basis, i.e., for articles with
collaborating institutions from multiple countries/economies, each
country/economy receives fractional credit on basis of proportion of its
participating institutions. Citation counts based on 3-year period with
2-year lag, e.g., citations for 2008 are references made in articles in
2008 data tape to articles in 2004-06 data tapes.

SOURCES: National Science Foundation, National Center for Science
and Engineering Statistics, and The Patent Board™, special tabulations
(2011) from Thomson Reuters, SCI and SSCI, http://thomsonreuters.
com/products_services/ science/.
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impact on subsequent research than articles with lower cita-
tion rates.

Appendix table 5-44 shows citation percentiles for 2000
and 2010 by field for the top five S&E article-producing
countries/regions.* In that table, a country whose global
research influence was high would have higher proportions
of articles in higher citation percentiles, whereas a country
whose influence was low would have greater proportions of
articles in lower citation percentiles. In other words, a coun-
try whose research is highly influential would have higher
shares of its articles in higher citation percentiles.

World citations to U.S. research articles show that U.S.
articles continue to have the highest citation rates across all
broad fields of S&E. In both 2000 and 2010, as displayed
in appendix table 5-44, the U.S. share of articles in the 99th
percentile was higher than its share in the 95th percentile,
and these were higher than its share in the 90th percentile,
and so forth, even while U.S. shares of all articles and all
citations were decreasing. In 2010, U.S. articles represented
28% of the world’s total of 2.3 million articles in the cited
period shown; the U.S. authored 49% of the rare 21,900 arti-
cles in the 99th percentile and 24% of the 1.3 million articles
in the 50th percentile.

Only U.S. publications display the preferred relationship
of strongly higher proportions of articles in the higher per-
centiles of article citations. When cited, articles with authors
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Table 5-24
S&E articles, citations, and international citations, by selected region/country: 2000 and 2010
(Percent)
Share of region/
country citations
Share of world articles Share of world that are international
(cited years) citations (citing year) (citing year)
Region/country 1996-98 2006-08 2000 2010 2000 2010
324 27.8 44.8 36.4 48.1 53.7
35.4 324 33.3 32.8 44.8 49.7
2.0 7.5 0.9 6.0 60.3 50.8
8.8 7.0 71 5.7 62.3 70.2
4.1 7.4 1.8 5.3 62.9 65.0

EU = European Union

NOTES: Article/citation counts from set of journals covered by Science Citation Index (SCI) and Social Sciences Citation Index (SSCI). Articles classified
by year they entered database, rather than year of publication, and assigned to country/economy on basis of institutional address(es) listed on article.
Articles on fractional-count basis, i.e., for articles with collaborating institutions from multiple countries/economies, each country/economy receives
fractional credit on basis of proportion of its participating institutions. See appendix table 5-25 for countries/economies included in EU and Asia-8, which
in this table are treated as single countries. Citation counts based on 3-year period with 2-year lag (e.g., citations for 2000 are references made in articles
in 2000 data tape to articles in 1996-98 data tapes); data shown are for the 3 years in cited year window.

SOURCES: National Science Foundation, National Center for Science and Engineering Statistics, and The Patent Board™, special tabulations (2011) from
Thomson Reuters, SCI and SSCI, http://thomsonreuters.com/products_services/science/.

Figure 5-27
Share of selected country/region citations that are
international: 2000-10
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NOTES: Article/citation counts from set of journals covered by Science
Citation Index (SCI) and Social Sciences Citation Index (SSCI). Articles
classified by year they entered database, rather than year of publication,
and assigned to country/region on basis of institutional address(es)
listed on article. Articles on fractional-count basis, i.e., for articles with
collaborating institutions from multiple countries/regions, each
country/region receives fractional credit on basis of proportion of its
participating institutions. See appendix table 5-25 for countries included
in EU and Asia-8, which in this table are treated as single countries.
Citation counts based on 3-year period with 2-year lag, e.g., citations for
2009 are references made in articles in 2009 data tape to articles in
2005-07 data tapes.

SOURCES: National Science Foundation, National Center for Science
and Engineering Statistics, and The Patent Board™, special tabulations
(2011) from Thomson Reuters, SCI and SSCI, http://thomsonreuters.
com/products_services/science/.

Science and Engineering Indicators 2012

Science and Engineering Indicators 2012

from the European Union, China, Japan, and the Asia-8 are
more often found in the lower citation percentiles. (These
data are summarized in appendix table 5-45.) Nevertheless,
as the U.S. share of all articles produced declined between
2000 and 2010, its share of articles in the 99th percentile
(i.e., the top 1%) of cited articles also declined, particularly
in some fields. Shares in the top percentile increased for the
European Union, China, Japan, and the Asia-8.

To control for changing shares of the world’s S&E ar-
ticles, Figure 5-28 shows the percentage of total articles for
each of the United States, European Union, and China that
appears in the world’s top 1% of cited articles. Across the
decade, 1.6%—1.8% of U.S.-authored S&E articles have ap-
peared in the world’s top 1% of cited articles, compared with
0.7%-0.9% of articles from the EU. China’s articles in the
top 1% of cited articles remained behind the United States
and European Union but increased from 0.1% to 0.5% over
the period.

When citation rates are normalized by the share of world
articles during the citation period to produce an index of high-
ly cited articles, the influence of U.S. articles has changed
little over the past 10 years. Between 2000 and 2010, the U.S.
index of highly cited articles barely changed (from 1.85 to
1.76) (figure 5-29 and appendix table 5-45) and remained
well above the expected index value of 1. During the same
period, the EU increased its index from 0.73 to 0.93, and
China, Japan, and the Asia-8 increased their index values but
remained below their expected values. In other words, the
United States had 76% more articles than expected in the 99th
percentile of cited articles in 2010, and the EU had 7% fewer
than expected. China had 51% fewer articles in the 99th per-
centile than expected in 2010, and Japan 39% fewer.
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Figure 5-28

Share of U.S., EU, and China S&E articles that are in
the world’s top 1% of cited articles: 2000-10

Percent
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NOTES: Article/citation counts from set of journals covered by Science
Citation Index (SCI) and Social Sciences Citation Index (SSCI). Articles
classified by year they entered database, rather than year of publication,
and assigned to country/economy on basis of institutional address(es)
listed on article. Articles on fractional-count basis, i.e., for articles with
collaborating institutions from multiple countries/regions, each
country/region receives fractional credit on basis of proportion of its
participating institutions. See appendix table 5-25 for countries included
in EU, which in this figure is treated as a single country. Citation counts
based on 3-year period with 2-year lag, e.g., citations for 2009 are
references made in articles in 2009 data tape to articles in 2005-07 data
tapes.

SOURCES: National Science Foundation, National Center for Science
and Engineering Statistics, and The Patent Board™, special tabulations
(2011) from Thomson Reuters, SCI and SSCI, http://thomsonreuters.
com/products_services/science/.
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The United States experienced gains on the index of
highly cited articles in engineering, astronomy, other life
sciences, and psychology and declines in chemistry, geosci-
ences, and mathematics, although all remained well above
expectation (appendix table 5-45). The EU reached its ex-
pected value in engineering, chemistry, physics, and the ag-
ricultural sciences. Japan and the Asia-8 countries did not
achieve the expected value of 1 in any broad field.

Notably, China achieved an index value of near 1 in engi-
neering and computer sciences (figure 5-30). In most broad
fields, China’s indexes of highly cited articles were higher in
2010 than in 2000. In a few fields—the biological, medical,
and social sciences—the Chinese index remained low, and
these fields kept the index for all fields below 0.5 in 2010
(appendix table 5-45).

¢ 5-45

Academic Patents, Licenses, Royalties,
and Startups

Other indicators of academic R&D outputs reflect univer-
sities’ efforts to develop their intellectual property for pos-
sible commercial use in the form of patents and associated
activities. The majority of U.S. universities did not become
actively involved in managing their own intellectual prop-
erty until late in the 20th century, although some were grant-
ed patents much earlier.* The Bayh-Dole Act of 1980 gave
colleges and universities a common legal framework for
claiming ownership of income streams from patented dis-
coveries that resulted from their federally funded research.
To facilitate the conversion of new knowledge produced in
their laboratories to patent-protected public knowledge that
can be potentially licensed by others or form the basis for
a startup firm, more and more research institutions estab-
lished technology management/transfer offices (Association
of University Technology Managers 2009).

The following sections discuss overall trends in univer-
sity patenting and related indicators through 2009-10.

University Patenting Trends

U.S. Patent and Trademark Office (USPTO) data show
that annual patent grants to universities and colleges ranged
from 2,900 to 4,500 between 1998 and 2010 (appendix table
5-46).%

The top 200 R&D-performing institutions, with 97% of
the total patents granted to U.S. universities during the 1998—
2010 period, dominate among universities and university
systems receiving patent protection.*® College and university
patents have been about 4.2—4.7% of U.S. nongovernmental
patents for a decade. Among the top R&D-performing in-
stitutions that received patents between 1998 and 2010, 19
accounted for more than 50% of all patents granted to these
institutions (although these included a few multicampus sys-
tems, including the Universities of California and Texas).
The University of California system received 11.9% of all
U.S. patents granted to U.S. universities over the period, fol-
lowed by the Massachusetts Institute of Technology with
4.2% of all U.S. patents granted to U.S. universities.

Biotechnology patents account for the largest percent
(30%) of U.S. university patents in 2010 (appendix table
5-47), and have grown over the past 15 years (figure 5-31).
Pharmaceutical patents, the next largest technology area,
have more recently begun to decline, from nearly 450 a year
in the late 1990s to about 300 in more recent years. Patents
for measuring devices, semiconductors, and optics have all
increased gradually over the past two decades.

Patent-Related Activities and Income

Data from the Association of University Technology
Managers (AUTM) indicate continuing growth in a number
of patent-related activities. Invention disclosures filed with
university technology management offices describe pro-
spective inventions and are submitted before a patent appli-
cation is filed. These grew from 12,600 in 2002, to 18,200 in
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Figure 5-29
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Index of highly cited articles, by selected S&E field and region/country: 2000 and 2010
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cited articles divided by its share of world articles for the cited year window.

SOURCES: National Science Foundation, National Center for Science and Engineering Statistics, and The Patent Board™, special tabulations (2011)
from Thomson Reuters, SCI and SSCI, http://thomsonreuters.com/products_services/science/. See appendix table 5-45.

2009 (notwithstanding small shifts in the number of institu-
tions responding to the AUTM survey over the same period)
(figure 5-32). Likewise, new U.S. patent applications filed
by AUTM university respondents also increased, from 6,500
in 2001, to 11,300 in 2009. U.S. patents awarded to AUTM
respondents stayed flat over the period, at about 3,000 per
year with some fluctuation.*’

The AUTM survey respondents reported 348 startup
companies formed in 2003 and 555 in 2009, with a total of
extant startup companies in 2009 of 3,175 (appendix table
5-48). Licenses and options that generated revenues also
increased over the period. However, active licenses, while
increasing steadily from 1999 to 2008, declined slightly in
2009; this decline may reflect the downturn in the U.S. econ-
omy in that period.
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Most royalties from licensing agreements accrue for rela-
tively few patents and the universities that own them, and
many of the AUTM respondent offices report no income.
(Thursby and colleagues [2001] report that the objectives
of university technology management offices include more
than royalty income.) At the same time, large one-time pay-
ments to a university can affect the overall trend in uni-
versity licensing income. In 2009, the 153 institutions that
responded to the AUTM survey reported a total of $1.5 bil-
lion in net royalties from their patent holdings, down sharply
from the previous 2 years, perhaps as a result of the nation’s
economic downturn in 2008—09 (appendix table 5-48).
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Figure 5-30

Chinese index of highly cited articles, by selected S&E field: 2000 and 2010
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data tapes. Index of highly cited articles is country’s share of world’s top 1% cited articles divided by its share of world articles for the cited year window.

SOURCES: National Science Foundation, National Center for Science and Engineering Statistics, and The Patent Board™, special tabulations (2011) from
Thomson Reuters, SCI and SSCI, http://thomsonreuters.com/products_services/science/. See appendix table 5-45.
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Figure 5-31

U.S. academic patents, by technology area: Selected 5-year averages, 1991-2010
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NOTES: Data include institutions affiliated with academic institutions, such as university and alumni organizations, foundations, and university associa-
tions. Universities vary in how patents assigned, e.g., to boards of regents, individual campuses, or entities with or without affiliation with university. The
Patent Board™ technology areas constitute an application-oriented classification system that maps the thousands of International Patent Classes (IPCs)
at main group level into 1 of 35 technology areas. If patent has more than one IPC, only primary IPC is considered in mapping. Data in figure not compar-
able to previous versions of the figure due to changes in classification system.

SOURCES: National Science Foundation, National Center for Science and Engineering Statistics, and The Patent Board™, special tabulations (2011) from
U.S. Patent and Trademark Office (USPTO), Patent Grant Bibliographic Data.

Science and Engineering Indicators 2012



5-48 ¢

Figure 5-32

U.S. university patenting activities: 2002-2009
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SOURCE: Association of University Technology Managers (AUTM),
AUTM Licensing Surveys: 2002-2009. See appendix table 5-48.

Science and Engineering Indicators 2012

Patent-to-Literature Citations

Citations to the S&E literature on the cover pages of is-
sued patents are one indicator of the contribution of research
to the development of practical innovations.* This indicator
of how science links to invention increased sharply in the
late 1980°s and early 1990’s (Narin, Hamilton, and Olivastro
1997), due in part to developments in U.S. policy, indus-
try growth and maturation, and court interpretation. At the
same time, patenting activity by academic institutions was
increasing rapidly, as were patent citations to S&E literature
produced across all sectors (NSB 2008, pp. 5-49 to 5-54).

Between 1998 and 2010, growth for this indicator was
much slower. Of utility patents awarded to both U.S. and
foreign assignees, 11% cited the S&E articles analyzed in
this chapter in 2010 (appendix table 5-49). Concomitant with
a growth in the percentage of U.S. utility patents awarded to
foreign assignees, nearly 50% of the citations to the S&E
literature in 2010 cited non-U.S. S&E articles.

In 2010, five broad S&E fields (biological sciences, med-
ical sciences, chemistry, physics, and engineering) account-
ed for 96% of the citations to U.S. articles in USPTO patents
(figure 5-33 and appendix table 5-50). These citations are
dominated by articles in the biological sciences, at 46% of
the total (compare with patents awarded by technology area,
figure 5-31).

Considering only citations to U.S. articles, growth in
citations has been uneven across the sectors and thus sec-
tor shares have changed somewhat (appendix table 5-49).
Citations to articles authored in the industry, nonprofit, and
government sectors have lost share, largely to articles from
academia, which grew from 58% to 64% of the total cita-
tions to U.S. articles between 1998 and 2010. Appendix ta-
ble 5-50 summarizes the increasing role of citations to U.S.
academic articles in the science linkage to U.S. patents. Of
the five broad fields of S&E that accounted for virtually all
patent citations to U.S. academic articles, increased shares
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Figure 5-33
Citations of U.S. S&E articles in U.S. patents,
by selected S&E article field: 2010
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NOTES: Citations are references to S&E articles in journals covered
by Science Citation Index (SCI) and Social Sciences Citation Index
(SSCI). Citation counts based on a 6-year window with 5-year lag,
e.g., citations for 2010 are references in U.S. patents issued in 2010
to articles published in 2000-05.

SOURCES: National Science Foundation, National Center for
Science and Engineering Statistics, and The Patent Board™, special
tabulations (2011) from U.S. Patent and Trademark Office (USPTO),
Patent Grant Bibliographic Data, and Thomson Reuters, SCI and
SSClI, http://www.thomsonreuters.com/products_services/ science/.
See appendix table 5-50.
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of academic citations were notable in engineering (from
46% to 63%) and physics (from 43% to 66%).

Figure 5-34 shows, within the most cited S&E fields, the
distribution by U.S. sector of citations to articles in U.S. pat-
ents in 2010. As noted above, academic articles dominate
across all of the fields shown, from 62% in the biological sci-
ences to 68% in chemistry. U.S. government-authored articles
received 7% of the 2010 patent citations in both the biological
and medical sciences. S&E articles from industry accounted
for 27% of the engineering citations and about one-fifth of
the articles cited in chemistry and physics. FFRDC-authored
articles accounted for 6% of the physics citations.

Energy and Environment-Related Patent Citations

NSF developed a set of four filters for identifying patents
with potential application in pollution mitigation and in al-
ternative means of energy production, storage, and manage-
ment. (See sidebar “Identifying Clean Energy and Pollution
Control Patents” for details on the filters.) These include pat-
ents slated by the federal government for fast-track review
at USPTO.*

Chapter 6 of this volume presents extensive data on the
patents in these four technology areas, including the nation-
ality of their assignees. (See chapter 6, “Patenting of clean
energy and pollution control technologies.”) This section re-
ports on the citations in those patents to the S&E literature,
using those citations to indicate the linkages between S&E
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Figure 5-34

Citations of U.S. S&E articles in U.S. patents, by selected S&E field and article author sector: 2010
Percent

80

[ ] Federal government [ Industry [J] Academia [Jj FFRDCs [Jl] Nonprofit

All fields Engineering

Chemistry Physics Biological sciences Medical sciences

FFRDC = federally funded research and development center

NOTES: Citations are references to U.S. S&E articles in journals covered by Science Citation Index (SCI) and Social Sciences Citation Index (SSCI).
Citations on fractional-count basis, i.e., for cited articles with collaborating institutions from more than one sector, each sector receives fractional credit
on basis of proportion of its participating institutions. Citation counts based on a 6-year window with 5-year lag, e.g., citations for 2010 are references in
U.S. patents issued in 2010 to articles published in 2000-05. Detail may not add to total because of rounding.

SOURCES: National Science Foundation, National Center for Science and Engineering Statistics, and The Patent Board™, special tabulations (2011) from
U.S. Patent and Trademark Office (USPTO), Patent Grant Bibliographic Data, and Thomson Reuters, SCI and SSCI, http://www.thomsonreuters.com/
products_services/science/.
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Identifying Clean Energy and Pollution Control Patents

Using a combination of U.S. Patent Classification and
International Patent Classification codes and text strings,
NSF developed algorithms to identify USPTO-issued pat-
ents with potential application in four broad “green” tech-
nology areas. The four technology areas and their main

sub-categories are listed below. The search codes used to
locate relevant patents will be available in D’ Amato et al.
(2012 forthcoming), which documents the process used
in developing these patent filters.
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Alternative energy

Energy management

production Energy storage (smart grid) Pollution mitigation
Bioenergy Batteries Advanced components Recycling

Geothermal Flywheels Sensing and measurement Air

Hydropower Superconducting magnetic Advanced control methods Solid waste

Nuclear BT SIS EmE Improved interfaces and Water

Solar Ultracapacitors decision support Environmental remediation

Wave/tidal/ocean
Wind
Electric/hybrid vehicles

Fuel cells

Hydrogen production and
storage

Thermal energy storage

Compressed air

Integrated communication

Cleaner coal

Carbon and greenhouse gas
capture and storage
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R&D?* and the potential for practical use of the results of
those R&D projects in new inventions and technologies.

Five broad S&E fields dominate the citations to S&E
literature in these four patent areas: chemistry, physics, en-
gineering, the biological sciences, and geosciences (which
in this taxonomy includes the environmental sciences). The
range of S&E fields cited indicates that these developing
technologies rely on a wide base of S&E knowledge.”!

The S&E fields cited by these patents are shown in table
5-25. Thirty-five percent of the citations in alternative en-
ergy patents that cite S&E articles were to chemistry articles,
followed by articles from physics (28%), engineering (20%),
and the biological sciences (15%).

Chemistry also dominates the citations in patents for en-
ergy storage systems, at 54%., followed by citations to arti-
cles in engineering (20%), physics (16%), and the biological
sciences (9%).

Patents with potential for application in pollution mitiga-
tion processes cite S&E articles most often in chemistry, at
31%. The biological sciences, geosciences, and engineering
each receive about one-fifth of the citations in these patents.

Smart grid is a set of patents related to efficient use and dis-
tribution of energy. Two fields dominate the S&E article cita-
tions in these patents: physics (52%) and engineering (40%).

Conclusion

U.S. universities and colleges continue to be key perform-
ers of U.S. R&D, particularly for basic research. Academic
spending on R&D has continued to increase yearly over the
last 10 years, both in current dollar and inflation-adjusted
terms. Academic R&D spending primarily supports basic
research—it accounted for 75% in 2009, with another 21%
supporting applied research and 4% for development—pro-
portions that have been stable over the decade. The federal
government has long provided the majority of funding for
academic R&D, at 59% in FY 2009. This federal support
has grown yearly over the last 10 years—although when ad-
justed for inflation, FYs 2006 and 2007 were years of real
dollar declines. Academic R&D has also long been concen-
trated in just a few S&E fields. For decades, more than half
of all academic R&D spending has been in the life sciences.

The structure and organization of academic R&D have
also changed. Research-performing colleges and universi-
ties continued to expand their research space, particularly
in the biological and medical sciences, which are the fields
with the bulk of R&D expenditures.

Both the overall academic S&E doctoral workforce and
the academic research workforce have continued to increase,
although the change since 2006 was the smallest single-peri-
od increase on record. The life sciences accounted for much
of the growth in the academic S&E doctoral workforce, and
life scientists represented more than a third of academic
S&E doctoral researchers in 2008. The growth in the num-
ber of new PhDs has outpaced the growth in the number of
full-time faculty positions since the late 1980s, particularly
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Table 5-25
Patent citations to S&E articles, by selected
patent technology area and article field:

1998-2010

Technology/field Citations (n) Percent

Alternative energy........cccccoeeiuennen. 7,852 100.0
Chemistry....ccooeceeveneriescneeens 2,770 35.3
PhySIiCS ...oooviiiiieiceeiene 2,171 27.6
Engineering.......c.ccceeceiiieiiiennen. 1,532 19.5
Biological sciences.................... 1,179 15.0
GEOSCIENCES .....oevireeiierieeiieae 116 1.5
All others....c.ccooeriiiiiiiiieee 84 1.1

Energy storage ........cccccveiieeiennenn. 3,909 100.0
Chemistry 2,106 53.9
Engineering.......cccoceeivieeeiiienne 783 20.0
PhySIiCS ..o 637 16.3
Biological sciences.... 338 8.6
All others.......ccceeriieiiiiieiiieee 45 1.2

Smart grid......cocceeneeiieenieeeeeens 1,433 100.0
PhySIiCS ..o 750 52.3
Engineering................ 572 39.9
Computer sciences.... 838 2.3
Biological sciences.... 31 2.2
GEOSCIENCES .....vevireeiierieeiieae 20 1.4
Chemistry....ccccccceeeeieeeesieeeeeenn. 19 1.3
All others.......ccceeriieiiiiiiiiieee 8 0.6

Pollution mitigation...........c.cc......... 5,390 100.0
Chemistry....ccccccceeeeieeeesieeeeeenn. 1,643 30.5
Biological sciences.................... 1,162 21.6
Geosciences 1,088 20.2
Engineering.......cccoceeviieeeiinenne 1,068 19.8
PhySIiCS .o 211 3.9
Agricultural sciences.. 136 2.5
All others.......ccceeriiieeiiiiiiiieee 82 1.5

NOTES: Citations are references to S&E articles in journals covered

by Science Citation Index (SCI) and Social Sciences Citation Index
(SSCI). Citation counts based on a 6-year window with 5-year lag,
e.g., citations for 2002 are references in U.S. patents issued in 2002 to
articles published in 1992-97. Patents may appear in more than one
technology area and thus citation counts may overlap slightly. See
sidebar “Identifying clean energy and pollution control patents” for
details on these technology areas.

SOURCES: National Science Foundation, National Center for

Science and Engineering Statistics, and The Patent Board™, special
tabulations (2011) from U.S. Patent and Trademark Office (USPTO),
Patent Grant Bibliographic Data, and Thomson Reuters, SCI and SSCI,
http://www.thomsonreuters.com/products_services/science/.
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among life scientists. The following long-term academic
workforce trends continue: a relative shift of S&E doctor-
ate holders away from full-time faculty positions toward
other full-time positions, part-time positions, and (in some
years) postdocs; a relative shift toward greater employment
of women and minorities; a steadily increasing proportion
of foreign-born faculty and postdocs; and a decline in share
of academic researchers receiving federal support. Federal
support has been less available to early career S&E doctoral
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faculty than to more established faculty, and the percentage
of early career S&E faculty with federal support has de-
clined since 1991.

The intimate links between research and U.S. graduate
education, regarded as a model by other countries, helps
to bring large numbers of foreign students to the United
States, many of whom stay in the country after gradua-
tion. Academia has also been able to attract many talented
foreign-born scientists and engineers into its workforce. In
research institutions, foreign-born faculty who received their
degrees in the United States approach half the total of all
U.S. degrees granted in engineering and computer science.

Data on S&E research articles suggest that research is
increasingly done in team settings: the number of authors
per article has steadily increased over the past 20 years.
Academic R&D is also becoming more international, and
this trend is reflected in the data on S&E articles. U.S. aca-
demic scientists and engineers are collaborating extensively
with colleagues in other countries—in 2010, nearly one-
third of S&E articles with a U.S. author also had at least one
coauthor from abroad, and U.S. authors appeared on more
than 40% of all internationally coauthored articles.

Citation data indicate that U.S. scientific publications
remain highly influential relative to publications from oth-
er countries. However, the relative volume of U.S. article
output has not kept up with the increasing outputs of the
European Union and several countries in Asia. In recent
years, China has become the second-largest national pro-
ducer of S&E articles.

Notes

1. For this discussion, the terms universities and colleges,
higher education, and academic institutions are used inter-
changeably and include only those schools that grant a bach-
elor’s or higher degree in science or engineering and spend
at least $150,000 for separately budgeted R&D in S&E.

2. The academic R&D totals presented here exclude ex-
penditures at the federally funded research and development
centers (FFRDCs) associated with universities. Those ex-
penditures are tallied separately and discussed in chapter 4.
Nevertheless, the FFRDCs and other national laboratories
(including federal intramural laboratories) play an important
role in academic research and education, providing research
opportunities for students and faculty at academic institu-
tions and highly specialized, shared research facilities.

3. For the definitions used in National Science Foundation
(NSF) surveys and a more complete discussion of these con-
cepts, see the chapter 4 sidebar, “Definitions of R&D.”

4. The academic R&D reported here includes separately
budgeted R&D and related recovered indirect costs, as well
as institutional estimates of unrecovered indirect costs as-
sociated with externally funded R&D projects, including
mandatory and voluntary cost sharing.

5. Under the act the funding was to be obligated by the
end of FY 2009. However, the expenditures for these proj-
ects could span several years.
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6. Statistics on R&D performance can differ depending
on whether the reporting is by R&D performers or R&D
funders. There are a number of reasons for this difference; for
a discussion see the chapter 4 sidebar, “Tracking R&D: Gap
Between Performer- and Source-Reported Expenditures.”

7. Federal grants, contracts, and awards from other sourc-
es that are passed through state and local governments to
academic institutions are credited to the original provider of
the funds.

8. The medical sciences include subfields such as phar-
macy, neuroscience, oncology, and pediatrics. The bio-
logical sciences include subfields such as microbiology,
genetics, epidemiology, and pathology. These distinctions
may blur at times because the boundaries between fields of-
ten are not well defined.

9. Data reported on non-S&E R&D expenditures are low-
er-bound estimates (slightly) for the national totals because
NSF did not attempt to adjust for the 2.7% nonresponse rate
on this survey item. Also, only institutions that conducted
at least $150,000 of S&E R&D were surveyed. The activi-
ties of institutions that do not perform S&E R&D (but may
conduct substantial amounts of non-S&E R&D) are not re-
flected here.

10. Data on non-S&E R&D expenditures have been col-
lected by NSF since FY 2003. However, the response rates
on these items for the years prior to 2006 make trend analy-
sis unreliable.

11. This financial pass through is far from a complete in-
dicator, as it provides little indication of the nature of the
collaborative relationships involved.

12. Research space here is defined as the space used for
sponsored R&D activities at academic institutions that is
separately budgeted and accounted for. Research space is
measured in net assignable square feet (NASF). This is the
sum of all areas on all floors of a building assigned to, or
available to be assigned to, an occupant for a specific use,
such as research or instruction. NASF is measured from the
inside faces of walls. Multipurpose space that is partially
used for research is prorated to reflect the proportion of time
and use devoted to research.

13. The S&E fields used in the NSF Survey of Science and
Engineering Research Facilities are based on the National
Center for Education Statistics (NCES) Classification of
Instructional Programs (CIP)—which is updated every 10
years (the current version is dated 2000). The S&E fields
used in both the FY 2007 and FY 2009 Survey of Science
and Engineering Research Facilities reflect the 2000 CIP up-
date. For a comparison of the subfields in the FY 2005 and
FY 2007 surveys, see the detailed statistical tables for S&E
Research Facilities: FY 2007.

14. The S&T field and subfield definitions were updated
to the 2000 CIP starting with the FY 2007 facilities survey.
Therefore, some of the observed declines in research space
for health/clinical sciences and physical sciences between
FY 2005 and FY 2007 could reflect definition changes.
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15. Because of rising capitalization thresholds, the dol-
lar threshold for inclusion in the equipment category has
changed over time. Generally, university equipment that
costs less than $5,000 would be classified under the cost cat-
egory of “supplies.”

16. The “bricks and mortar” section of the Survey of
Science and Engineering Research Facilities asks institu-
tions to report their research space only. Therefore, the re-
ported figures do not include space used for other purposes
such as instruction or administration. In the cyberinfrastruc-
ture section of the survey, however, respondents are asked to
identify all of their cyberinfrastructure resources, regardless
of whether these resources were used for research or other
functions.

17. Research-performing academic institutions are de-
fined as colleges and universities that grant degrees in
S&E and expend at least $1 million in R&D funds. Each
institution’s R&D expenditures are determined through the
NSF Survey of Research and Development Expenditures at
Universities and Colleges.

18. Unless specifically noted, data on S&E doctorate
holders in this section come from the Survey of Doctorate
Recipients, a biennial NSF survey. All numbers are rounded
to the nearest 100. Small estimates may be unreliable.

19. The United States is unlike many other countries in
the fraction of doctorate holders who are employed in aca-
demia. A comparison of 1990-2006 doctorate recipients in
14 countries for which data are available found that in most
of these countries, more than half of doctorate holders were
employed in academia, compared with 47% for the United
States. Only the United States, Austria, and Belgium had
substantial fractions of doctorate holders employed in the
business sector, and the United States had one of the small-
est fractions employed in government (Organisation for
Economic Co-operation and Development 2009).

20. Respondents were presented with a list of work activ-
ities and asked to identify the activities which occupied the
most and second most hours during the typical work week.
This measure was constructed slightly differently prior to
1993, and the data are not strictly comparable across the
two periods. Prior to 1993, the survey question asked the
respondent to select the primary and secondary work activ-
ity from a list of activities. Beginning in 1993, respondents
were asked on which activity they spent the most hours and
on which they spent the second most hours. Therefore, the
crossing over of the two trends between 1991 and 1993
could partly reflect a difference in methodology. However,
the faster growth rate for researchers in both the 1973-91
and 1993-2008 periods means that changes in question
wording cannot fully explain the observed trend. Because
individuals may select both a primary and a secondary work
activity, they can be counted in both groups.

21. On the 2006 Survey of Doctorate Recipients, respon-
dents were asked to indicate whether they “Work with an
immediate work group or team?”’; “Work with others in the
same organization (company, university, agency, etc.), but
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not the same group or team?”; “Work with individuals in
other organizations in the U.S.?”; and “Work with individu-
als located in other countries?” For respondents who indi-
cated that they had collaborated with individuals located
in other countries, subsequent questionnaire items inquired
about the nature of the collaboration (for example, sharing
information, sharing facilities, preparing a joint publication)
and the mode of collaboration (for example, collaboration
via telephone or e-mail, travel to foreign country).

22. These data include only U.S.-trained postdocs
employed in U.S. academic institutions. A 2003 survey
conducted by the Sigma Xi honor society, which was non-
representative and likely to undercount foreign-degreed
postdocs, found that 46% of responding postdocs had re-
ceived their doctorate from a non-U.S. institution.

23. Interpretation of the data on federal support of aca-
demic researchers is complicated by a technical difficul-
ty. Between 1993 and 1997, respondents to the Survey of
Doctorate Recipients were asked whether work performed
during the week of April 15 was supported by the federal
government. In most other survey years, the reference was
to the entire preceding year, and in 1985, it was to the month
of April. However, the volume of academic research activity
is not uniform over the entire academic year. A 1-week (or
1-month) reference period seriously understates the number
of researchers supported at some time during an entire year.
Thus, the numbers for 1985 and 1993-97 cannot be com-
pared with results for the earlier years or with those from
the 1999 through 2008 surveys, which also used an entire
reference year.

The discussion in this edition of Indicators generally com-
pares data for 2008 with data for 1991. All calculations express
the proportion of researchers with federal support relative to the
number responding to this question. The reader is cautioned
that, given the nature of these data, the trends discussed are
broadly suggestive rather than definitive. The reader also is re-
minded that trends in the proportion of all academic researchers
supported by federal funds occurred against a background of
rising overall numbers of academic researchers.

24. Publication traditions in broad S&E fields differ
somewhat. For example, computer scientists often pub-
lish their findings in conference proceedings, and social
scientists often write books as well as publish in journals.
Proceedings and books are poorly covered in the data cur-
rently used in this chapter.

25. The U.S. sector identification in this chapter is quite
precise; to date, sector identification has not been possible
for other countries.

26. Statements that a country “authors” a certain num-
ber of articles are somewhat imprecise, especially given the
growing rates of international collaboration discussed later
in this chapter. This chapter follows the convention of count-
ing a country’s articles in fractions (i.e., articles with more
than one country’s participation are fractionalized according
to the number of different institutional authors listed on the
article). These fractions are then allocated to the respective
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country and totaled to produce a national article count. This
chapter uses the more straightforward if less precise termi-
nology “country X produces some number of the world’s
S&E articles.” It also refers to the percentage of the world’s
total S&E articles accounted for by certain countries.

27. For example, Vatican City is not strictly a country;
the Union of Soviet Socialist Republics (USSR) and Hong
Kong are contained in the data in earlier years, but the USSR
no longer exists and Hong Kong data are now reported as
part of China. See appendix table 5-25 for a list of the loca-
tions represented in the data.

28. Distributions of data in which a small percentage
of cases account for a significant amount of the total value
across all cases belong to a group of statistical distributions
collectively referred to as power law distributions (Adamic,
2000). Examples of other phenomena with such distribu-
tions include earthquakes (only a few among a large number
of earthquakes have great power) and Internet traffic (visits
to a relatively small number of sites account for a very large
proportion of visits to all sites).

29. Coauthorship is a broad, though limited, indica-
tor of collaboration among scientists. Previous editions of
Indicators discussed possible underlying drivers for in-
creased collaboration, including scientific advantages of
knowledge- and instrument-sharing, decreased costs of trav-
el and communication, and national policies (NSB 2006).
Katz and Martin (1997), Bordons and Gémez (2000), and
Laudel (2002) analyze limitations of coauthorship as an in-
dicator of research collaboration. Despite these limitations,
other authors have continued to use coauthorship as a col-
laboration indicator (Adams et al. 2005; Goémez, Fernandez,
and Sebastian 1999; Lundberg et al. 2006; Wuchty, Jones,
and Uzzi 2007; Zitt, Bassecoulard, and Okubo 2000).

30. The reader is reminded that the data on which these
indicators are based give the nationality of the institutional
addresses listed on the article. Authors themselves are not
associated with a particular institution and may be of any
nationality. Therefore the discussion in this section is based
on the nationality of institutions, not authors, and makes no
distinction between nationality of institutions and national-
ity of authors.

31. For a consideration of current limitations in identi-
fying interdisciplinary S&E research using bibliometrics
techniques, see Wagner et al. (2011) and the sidebar “Can
Bibliometric Data Provide Indicators of Interdisciplinary
Research?” in NSB 2010.

32. Readers are reminded that the number of coauthored
articles between any pair of countries is the same; each
country is counted once per article in these data. However,
countries other than the pairs discussed here may also appear
on the article.

33. Finland is included here as one of the Scandinavian
countries. Iceland is not.

34. Article counts in this section are based on the year in
which the article appeared in the database, not on the year of
publication, and therefore are not the same counts as in the
earlier discussion of total world article output.
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35. The 16 FFRDCs sponsored by the Department of
Energy dominated S&E publishing by this sector. Across
all fields of S&E, DOE-sponsored labs accounted for 83%
of the total for the sector in 2005 (NSB 2008). Scientists
and engineers at DOE-sponsored FFRDCs published 96% of
the sector’s articles in chemistry, 95% in physics, and 90%
in engineering (see “S&E Articles From Federally Funded
Research and Development Centers,” NSB 2008, p. 5-47).
Nine other federal agencies, including the Departments of
Defense, Energy, Health and Human Services, Homeland
Security, Transportation, and Treasury; the National
Aeronautics and Space Administration; the Nuclear
Regulatory Commission; and National Science Foundation
also sponsor another 23 FFRDCs (NSF/SRS 2009).

36. Identification of the sector of the non-U.S. institution
is not possible with the current data set.

37. Readers are reminded that coauthors from differ-
ent departments in an institution are coded as different
institutions.

38. This chapter uses the convention of a 3-year citation
window with a 2-year lag. For example, 2008 citation rates
are from references in articles in the 2008 data file to arti-
cles contained in the 2004, 2005, and 2006 data files of the
Thomson Reuters Science Citation Index and Social Sciences
Citation Index databases. Analysis of the citation data shows
that, in general, the 2-year citing lag captures the 3 peak cita-
tion years for most fields, with the following exceptions: in
astronomy and physics, the peak citation years are generally
captured with a 1-year lag, and in computer sciences, psychol-
ogy, and the social sciences with a 3-year lag.

39. “Influence” is used here broadly; even citations that
criticize or correct previous research indicate the influence
of that previous research on the citing article.

40. Because different S&E fields have different citation
behaviors, these indicators should be used with caution. For
example, articles in the life sciences tend to list more ref-
erences than, for example, articles in engineering or math-
ematics. Thus, a country’s research portfolio that is heavily
weighted toward the life sciences (e.g., the U.S.) may re-
ceive proportionately more citations than a country whose
portfolio is more heavily weighted toward engineering or
mathematics.

41. The reader is reminded that articles in this section are
counted by the year they entered the database, not by year of
publication. Therefore article counts, and percentages based
on them, are different from the data presented earlier in this
section.

42. Some part of this percentage decrease may reflect
the increase in Chinese journals in the SCI and SSCI da-
tabases used in this chapter. Since more Chinese authors in
these journals are available to cite their Chinese coauthors,
international citations to Chinese-authored articles is declin-
ing as a share of total citations. However, accounting for
the “nationality” of a journal is not straightforward, and the
data file used by NSF excludes journals that are primarily of
regional interest. NSF’s count of “Chinese” journals shows
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an increase of 75% over the past decade, compared to an
increase of 334% for Chinese-authored articles.

43. Percentiles are specified percentages below which the
remainder of the articles falls. For example, the 99th per-
centile identifies the number of citations 99% of the articles
failed to receive. For example, across all fields of science,
99% of articles from 2005 to 2007 failed to receive at least
21 citations in 2009. Matching numbers of citations with
a citation percentile is not precise because all articles with
a specified number of citations must be counted the same.
Therefore, the citation percentiles discussed in this section
and used in appendix tables 5-44 and 5-45 have all been
counted conservatively, and the identified percentile is in
every case higher than specified, (i.e., the 99th percentile
is always greater than 99%, the 95th percentile is always
greater than 95%, and so forth). Actual citations/percentiles
per field vary widely because counts were cut off to remain
within the identified percentile. For example, using this
method of counting, the 75th percentile for engineering con-
tained articles with three to four citations in 2005 through
2007, whereas the 75th percentile for astronomy contained
articles with 6 to 10 citations.

44. For an overview of these developments in the 20th
century, see Mowery (2002).

45. Sharp changes in the number of patents granted are
related to the speed of processing at United States Patent and
Trademark Office.

46. The institutions listed in appendix table 5-46 are
slightly different from those listed in past volumes, and data
for individual institutions may be different. In appendix ta-
ble 5-46, an institution is credited with a patent even if it is
not the first assignee, and therefore some patents may be
double counted. Several university systems are counted as
one institution, and medical schools may be counted with
their home institution. Universities also vary in how they as-
sign patents (e.g., to boards of regents, individual campuses,
or entities with or without affiliation with the university).

47. The patent counts reported by Association of
University Technology Managers respondents in figure 5-32
and appendix table 5-48 cannot be compared with the patent
counts developed from USPTO data as in appendix tables
5-46 and 5-47.

48. Patent-based data must be interpreted with cau-
tion. Year-to-year changes in the data may reflect changes
in USPTO processing times (so-called “patent pendency”
rates). Likewise, industries and companies have different
tactics and strategies for pursuing patents, and these may
also change over time.

Patent citations to S&E research discussed in this sec-
tion are limited to the citations found on the cover pages
of successful patent applications. These citations are en-
tered by the patent examiner, and may or may not reflect
citations given by the applicant in the body of the applica-
tion. Patent cover pages also contain references to scientific
and technical materials not contained in the article data used
in this chapter (e.g., other patents, conference proceedings,
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industry standards, etc.). Analyses of the data referred to in
this section found that nonjournal references on patent cover
pages accounted for 19% of total references in 2008. The
journals/articles in the SCI/SSCI database used in this chap-
ter—a set of relatively high-impact journals—accounted for
83% of the journal references, or 67% of the total science
references, on the patent covers.

49. Pilot Program for Green Technologies Including
Greenhouse Gas Reduction, 74 Fed. Reg. 64,666 (USPTO,
December 8, 2009).

50. Due to data limitations, this discussion is limited to
the following: patent data are patent awards made by the
USPTO to all assignees, not just U.S. assignees. S&E publi-
cation data are for all publications in all U.S. sectors and all
country authors.

51. Compare with Organisation for Economic Co-
operation and Development, 2010, p.36.

Glossary

Academic doctoral S&E workforce: Includes those
with a U.S. doctorate in an S&E field employed in 2- or
4-year colleges or universities in the following positions:
full and associate professors (referred to as senior faculty);
assistant professors and instructors (referred to as junior fac-
ulty); postdocs; other full-time positions such as lecturers,
adjunct faculty, research associates, and administrators; and
part-time positions of all kinds.

Academic institution: In the Expenditures and Funding
for Academic R&D section of this chapter, an academic in-
stitution is generally defined as an institution that grants a
bachelors’ or higher degree in science or engineering and
that has spent at least $150,000 for separately budgeted R&D
in S&E within the fiscal year being measured. Elsewhere in
the chapter, this term encompasses any accredited institution
of higher education.

Underrepresented minority: Demographic category
including blacks, Hispanics, and American Indians/Alaska
Natives; groups considered to be underrepresented in aca-
demic institutions.
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Errata
Updated 16 February 2012

The following errors were discovered after publication of the print and PDF versions of Science
and Engineering Indicators 2012 and Science and Engineering Indicators Digest 2012. These
errors have been corrected in the online version of the volume and in the interactive Digest.

Chapter 5

Page 5-11. The appendix table reference in the “Industry funds” bullet is incorrect. It should be appendix
table 4-3.

Figure 5-33. The units label was omitted. Units shown are percentages.
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