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Cover Image

The cover for Science and Engineering Indicators 2008 celebrates the 2007-09 International
Polar Year with a montage of photographic images from the Arctic and Antarctic regions. At the
center is an ice cave at Loudwater Cove, on Anvers Island. Arcing above it are smaller images
showing (right to left) the Beacon Valley field camp in the Dry Valleys of southern Victoria
Land, a deepwater cnidarian, a female polar bear and her cub on sea ice, a skua chick, an aurora
borealis, a sunset at Cape Hallett, and an LC-130 Hercules cargo aircraft. (Credit, ice cave:
Zenobia Evans, National Science Foundation (NSF). Credits, images right to left: Josh Landis,
NSF; Katrin Iken and Bodil Bluhm, University of Alaska, Fairbanks; The Hidden Ocean, Arctic
2005 Exploration; Ariana Owens, NSF; Patrick Smith; Ken Ryan, NSF; Jerry Marty, NSF).

Recommended Citation

National Science Board. 2008. Science and Engineering Indicators 2008. Two volumes.
Arlington, VA: National Science Foundation (volume 1, NSB 08-01; volume 2, NSB 08-01A).



January 15, 2008

MEMORANDUM FROM THE CHAIRMAN OF THE NATIONAL SCIENCE BOARD
1) The President and Congress of the United States
SUBIJECT: Science and Engineering Indicators 2008

It is our honor to transmit the eighteenth in the series of biennial science indicators
reports, Science and Engineering Indicators 2008. The National Science Board submits

this report as required by 42 U.S.C. § 1863 (j) (1).

The Science Indicators series was designed to provide a broad base of quantitative
information about U.S. science, engineering, and technology for use by public and
private policymakers. With each new edition, the Board seeks to continually expand
the data sources and pertinence to the broad user community. Science and Engineering
Indicators 2008 contains analyses of key aspects of the scope, quality, and vitality of
the Nation’s science and engineering enterprise and global science and technology.

The report presents information on science, mathematics, and engineering education at
all levels; the scientific and engineering workforce; U.S. and international research and
development performance and competitiveness in high technology; and public attitudes
and understanding of science and engineering. A chapter on state-level science and
engineering presents state comparisons on selected indicators. An Overview chapter
of this report distills selected key themes emerging from the eight chapters of Volume I
of the two-volume publication.

The Board hopes that both the Administration and Congress find the new quantitative
information and analysis in the report useful and timely for informed thinking and
planning on national priorities, policies, and programs in science and technology.

N el
Steven C. Beering

Chairman
National Science Board

National Science Foundation
4201 Wilson Boulevard * Arlington, Virginia 22230 » (703) 292-7000 * http://www.nsf.gov/nsb * email: NSBoffice@nsf.gov
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AAAS

AACU

AASCU

ACI

ACS

ACT
ADAMHA

ADP
AFT
AlA
AID
AP
AP/1B
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BHEF
BLS
CAMR

CATI-MERIT

CENIC

CGS
CIA

CPI
CPS
CRADA

CREATE

DARPA

DHS
DNA
DOC
DOD
DOE
DOl

DOJ

Acronyms and Abbreviations

American Association for the Advancement
of Science

Assaociation of American Colleges and
Universities

American Association of State Colleges
and Universities

American Competitive Initiative
American Community Survey

American College Test

Alcohol, Drug Abuse, and Mental Health
Administration

American Diploma Project

American Federation of Teachers
Aerospace Industries Association
Agency for International Development
Advanced Placement

Advanced Placement/International
Baccalaureate

Applied Physics Laboratory

Advanced Technology Program
Assaociation of University Technology
Managers

Bureau of Economic Analysis
Business-Higher Education Forum
Bureau of Labor Statistics

Coalition for the Advancement of Medical
Research

Cooperative Agreements and Technology
Indicators database-Maastricht Economic
Research Institute on Innovation and
Technology

Corporation for Education Network
Initiatives in California

Council of Graduate Schools

Central Intelligence Agency

Consumer Price Index

Current Population Survey

cooperative research and development
agreement

Cooperative Research and Technology
Enhancement Act of 2004

Defense Advanced Research Project
Agency

Department of Homeland Security
deoxyribonucleic acid

Department of Commerce

Department of Defense

Department of Energy

Department of the Interior

Department of Justice

DOL
DOT
EC
ECLS
ED
EDP
EICC

ELS
EPA
EPO
EPSCoR

Esnet
ETS
EU
FAA
FASB
FDA
FDI
FDIUS

FFRDC

FY
G-7
G-8
GAO
GDP
GE
GED
GGDC
GM
GSS
GUF
HHS
HSARPA

ICT

IE
IMLS
IOF

IP

IRI
IRS
ISCED

ISIC

IT

Department of Labor

Department of Transportation
European Community

Early Childhood Longitudinal Study
Department of Education

electronic data processing

EPSCoR Interagency Coordinating
Committee

Education Longitudinal Study
Environmental Protection Agency
European Patent Office

Experimental Program to Stimulate
Competitive Research

DOE’s Energy Sciences Network
Educational Testing Service

European Union

Federal Aviation Administration
Financial Accounting Standards Board
Food and Drug Administraton

foreign direct investment

Survey of Foreign Direct Investment in the
United States

federally funded research and development
center

fiscal year

Group of Seven

Group of Eight

Government Accountability Office
gross domestic product

General Electric Company

General Equivalency Diploma
Groningen Growth and Development Centre
genetically modified

General Social Survey

general university fund

Department of Health and Human Services
Homeland Security Advanced Research
Project Agency

information and communications
technologies

Institute of International Education
Institute for Museum and Library Services
involuntarily out of the field

intellectual property

Industrial Research Institute

Internal Revenue Service

International Standard Classification of
Education

International Standard Industrial
Classification

information technology
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JPO
Vv
MER
MNC
MOFA
MOU
MREN

NACE

NAE
NAEP
NAFTA
NAGB
NAICS

NAPA

NAS
NASA

NASF
NCES
NCLB
NCTAF

NCTM

NGA
NIH
NIOEM

NIST

NITRD

NNI
NORC
NRC
NREN

NS&E
NSB
NSCG
NSDL
NSF
NSRCG

NYSERNet

OECD

OES

OoMB
OPEC

Japan Patent Office

joint ventures

market exchange rate

multinational corporation
majority-owned foreign affiliate
memorandum of understanding
Metropolitan Research and Education
Network

National Association of Colleges and
Employers

National Academy of Engineering
National Assessment of Educational Progress
North American Free Trade Agreement
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About Science and Engineering Indicators

Science and Engineering Indicators (SEI) is first and fore-
most a volume of record comprising the major high-quality
guantitative data on the U.S. and international science and en-
gineering enterprise. SEI is factual and policy-neutral. It does
not offer policy options and it does not make policy recom-
mendations. SEI employs a variety of presentational styles—
tables, figures, narrative text, bulleted text, Web-based links,
highlights, introductions, conclusions, reference lists—to
make the data accessible to readers with different information
needs and different information-processing preferences.

The data are “indicators.” Indicators are quantitative rep-
resentations that might reasonably be thought to provide sum-
mary information bearing on the scope, quality, and vitality
of the science and engineering enterprise. The indicators re-
ported in SEI are intended to contribute to an understanding
of the current environment and to inform the development of
future policies. SEI does not model the dynamics of the sci-
ence and engineering enterprise, and it avoids strong claims
about the significance of the indicators it reports. SEI is used
by readers who hold a variety of views about which indica-
tors are most significant for different purposes.

SEl is prepared by the National Science Foundation’s Di-
vision of Science Resources Statistics (SRS) under the guid-
ance of the National Science Board (Board). It is subject to
extensive review by outside experts, interested federal agen-
cies, Board members, and NSF internal reviewers for accu-
racy, coverage, and balance.

SEl includes more information about measurement than
many readers unaccustomed to analyzing social and econom-
ic data may find easy to absorb. This information is included
because readers need a good understanding of what the report-
ed measures mean and how the data were collected in order
to use the data appropriately. SEI’s data analyses, however,
are relatively accessible. The data can be examined in various
ways, and SEI generally emphasizes neutral, factual descrip-
tion and avoids unconventional or controversial analysis. As
a result, SEI almost exclusively uses simple statistical tools
that should be familiar and accessible to a college-bound high
school graduate. Readers comfortable with numbers and per-
centages and equipped with a general conceptual understand-
ing of terms such as “statistical significance” and “margin of
error” will readily understand the statistical material in SEI. A
separate Statistical Appendix was added to SEI this year to aid
readers’ interpretation of the material presented.

SEl’s Different Parts

SEI includes seven chapters that follow a generally con-
sistent pattern; an eighth chapter, on state indicators, pre-
sented in a unique format; and an overview that precedes
these eight chapters. The chapter titles are
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4 Elementary and Secondary Education
4 Higher Education in Science and Engineering
4 Science and Engineering Labor Force

4 Research and Development: National Trends and Interna-
tional Linkages

¢ Academic Research and Development

4 Industry, Technology, and the Global Marketplace

4 Science and Technology: Public Attitudes and Understanding
4 State Indicators

An appendix volume, available online at http://www.nsf.
gov/statistics/indicators/ and on the CD enclosed with this
volume, contains detailed data tables keyed to each of the
eight chapters listed.

A National Science Board policy statement “companion
piece,” authored by the Board, draws upon the data in SEI and
offers recommendations on issues of concern for national sci-
ence and engineering research or education policy, in keeping
with the Board’s statutory responsibility to bring attention to
such issues. In addition, the Board for the first time has also
produced a “digest” or condensed version of SEI comprising
a small selection of important indicators. This Digest of Key
Science and Engineering Indicators serves two purposes: (1)
to draw attention to important trends and data points from
across the chapters and volumes of SEI and (2) to introduce
readers to the data resources available in the main volumes of
SEI 2008 and associated products.

The Seven Core Chapters

Each chapter consists of front matter (table of contents
and lists of sidebars, text tables, and figures), highlights, an
introduction (chapter overview and chapter organization), a
narrative synthesis of data and related contextual informa-
tion, a conclusion, notes, a glossary, and references.

Highlights. The highlights provide an outline of major dimen-
sions of a chapter topic. They are intended to be suitable as
the basis for a presentation that would capture the essential
facts about a chapter topic. As such, they are prepared for a
knowledgeable generalist who seeks an organized generic
presentation on a topic and does not wish to develop a distinc-
tive perspective on the topic, though s/he may wish to flavor
a standard presentation with some distinctive insights. They
also provide a brief version of the “meat” of the chapter.

Introduction. The chapter overview provides a brief expla-
nation of why the topic of the chapter is important. It situates
the topic in the context of major concepts, terms, and devel-
opments relevant to the data that the chapter reports. The
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introduction includes a brief narrative account of the logical
flow of topics within the chapter.

Narrative. The chapter narrative is a descriptive synthesis
that brings together significant findings. It is also a balanced
presentation of contextual information that is useful for in-
terpreting the findings. As a descriptive synthesis, the narra-
tive aims (1) to enable the reader to comfortably assimilate
a large amount of information by putting it in an order that
facilitates comprehension and retention and (2) to order the
material so that major points readily come to the reader’s
attention. As a balanced presentation, the narrative aims to
include appropriate caveats and context information such
that (3) a nonexpert reader will understand what uses of the
data may or may not be appropriate, and (4) an expert reader
will be satisfied that the presentation reflects a good under-
standing of the policy and fact context in which the data are
interpreted by users with a range of science policy views.

Figures. Figures provide visually compelling representa-
tions of major findings discussed in the text. Figures also
enable readers to test narrative interpretations offered in the
text by examining the data themselves.

Text Tables. Text tables help to illustrate points made in
the text.

Sidebars. Sidebars discuss interesting recent developments
in the field, more speculative information than is presented in
the regular chapter text, or other special topics. Sidebars can
also present definitions or highlight crosscutting themes.

Appendix Tables. Appendix tables, which appear in volume
2 of SEI, provide the most complete presentation of quanti-
tative data, without contextual information or interpretive
aids. According to past surveys of SEI users, even experi-
enced expert readers find it helpful to consult the chapter
text in conjunction with the appendix tables.

Conclusion. The conclusion summarizes important findings.
It offers a perspective on important trends but stops short of
definitive pronouncements about either likely futures or pol-
icy implications. Conclusions tend to avoid factual syntheses
that suggest a distinctive or controversial viewpoint.

References. SEI includes references to data sources cited
in the text, stressing national or internationally comparable
data. SEI does not review the analytic literature on a topic
or summarize the social science or policy perspectives that
might be brought to bear on it. References to that literature
are included only where they are necessary to explain the
basis for statements in the text.

The State Indicators Chapter

This chapter consists of data that can be used by people
involved in state-level policymaking, including journalists
and interested citizens, to assess trends in S&T-related ac-
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tivities in their states. Indicators are drawn from a range of
variables, most of which are part of the subject matter of the
seven core chapters. The text explains the meaning of each
indicator and provides important caveats about how to in-
terpret it. Approximately 3 to 5 bullets highlight significant
findings. The presentation is overwhelmingly graphic and
tabular. It is dominated by a United States map that color
codes states into quartiles and a table with state by state data.
In 2008, appendix tables are also included in volume 2 for
the first time.

There is no interpretive narrative to synthesize overall
patterns and trends. SEI includes state-level indicators to
call attention to state performance in S&T and to foster con-
sideration of state-level activities in this area.

The Overview Chapter

The Overview is a selective interpretive synthesis that
brings together patterns and trends that unite data in several
of the substantive chapters. The Overview helps readers to
synthesize the findings in SEI as a whole and draws con-
nections among separately prepared chapters that deal with
related topics. It is intended to serve readers with varying
levels of expertise. Because the Overview relies heavily on
figures, it is well adapted for use in developing presenta-
tions, and presentation graphics for the figures in the Over-
view are available on the Web. Like the core chapters, the
Overview strives for a descriptive synthesis and a balanced
tone, and it does not take or suggest policy positions.

Presentation

SEl is released in printed and electronic formats, and is
published in 2 volumes: volume 1 provides the main text
content and volume 2 provides the detailed tabular data. The
complete content of both volumes is posted online at http://
www.nsf.gov/statistics/indicators/ in html format and PDF,
with text tables, appendix tables, and source data for each
figure available in spreadsheet (MS Excel) format. In addi-
tion, selected figures are also available in presentation-style
format as MS PowerPoint and JPEG files.

The printed version of SEI includes a CD-ROM in PDF
and a packaged set of information cards. The CD-ROM con-
tains volumes 1 and 2, and as with the online version, appen-
dix tables in spreadsheet format. The full set of presentation
slides is also included. The pocket-sized information cards
highlight key patterns and trends. Each card presents a selec-
tion of figures with captions stating the major point that the
figure is meant to illustrate.

SEl includes a list of abbreviations/acronyms and an index.
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Introduction

This overview of the National Science Board’s Science
and Engineering Indicators 2008 describes some major de-
velopments in international and U.S. science and technology
(S&T). It synthesizes selected major findings in a meaning-
ful way and is not intended to be comprehensive. The reader
will find important findings in the report that are not covered
in the overview, for example, public support for science is
strong even though public knowledge is limited, S&T activi-
ties in different states vary substantially in size and scope,
and participation of underrepresented groups in U.S. S&T
is growing, but slowly. More extensive data are presented in
the body of each chapter, and major findings on particular
topics appear in the Highlights sections that precede chap-
ters 1-7.

The reader should note that the indicators included in Sci-
ence and Engineering Indicators 2008 derive from a variety
of national, international, and private sources and may not
be strictly comparable in a statistical sense, especially for
international data. In addition, some metrics and data are
somewhat weak, and models relating them to each other and
to economic and social outcomes are often not well devel-
oped. Thus, even though many data series conform generally
to international standards, the focus is on broad trends that
should be interpreted with care; where data are weak, this is
noted in the specific chapter. (For more on the limitations
of existing data and analytic models, see “Afterword: Data
Gaps and Needs.”)

The overview highlights a trend in many parts of the
world toward the development of more knowledge-intensive
economies, in which research, its commercial exploitation,
and other intellectual work play a growing role. Implicit in
the discussion are the key roles played by industry and gov-
ernment in these changes.

A healthy economy provides the foundation for invest-
ments in scientific research and technological innovation.
Therefore, the overview begins by describing broad trends
in U.S. competitiveness in the rapidly changing global mac-
roeconomic system. It then traces the growth and structural
shifts in international high-technology markets and com-
ments briefly on related developments in medium- and low-
technology market segments. There follows an examination
of the changing conduct and location of international R&D,
which are both fundamental to, and recasting, international
high-technology markets.

The overview then turns to the personnel needed to build
and maintain knowledge-intensive economic activity. After
reviewing evidence of the widespread upgrading of higher
education levels in international workforces, the discussion
turns to a review of the U.S. S&T labor force, including
trends in the production of new workers with S&T skills.
It presents data on the U.S. reliance on foreign-born and
foreign-educated S&T workers and discusses the growing
international mobility of highly trained persons. The over-
view concludes with a review of the performance of U.S.
K-12 students on national and international tests.

Overview

Throughout, the overview examines relevant S&T pat-
terns and trends in the United States that bear on, and are
affected by, these external changes. Where possible, the
overview presents comparative data for the United States,
the European Union after its first major enlargement (EU-
25), and Japan, China, and eight other selected Asian econo-
mies (the Asia-10).

Macroeconomic Indicators

Since the early 1990s, the globalization of S&T has pro-
ceeded at a quick pace. More open borders coincided with
the development of the Internet as a tool for unfettered
worldwide information dissemination and communication.
Rising demand for business and leisure travel fostered the
growth of dense and relatively inexpensive airline links.
Systems of global and more limited trade rules gained in
scope and stimulated a vast expansion in the production of,
and international trade in, goods and services. Growing cre-
ation of wealth, though uneven, touched most countries and
regions. Corporations responded by including international
markets in their strategic planning and soon moved toward a
global-market model for their business activities, suppliers,
and customers.

By the late 1990s, many governments had taken note
of these developments. They increasingly looked to the
development of knowledge-intensive economies for their
countries’ economic competitiveness and growth. Private
companies seeking new markets set up operations in or near
these locations, bringing with them technological know-how
and management expertise. Governments anticipated and
stimulated these moves with targeted and often generous
incentives, decreased regulatory barriers, development of
infrastructure, and expanded access to higher education. The
overarching aim of these policies was the development of
a knowledge-intensive economy that promised sustainable
growth and economic well-being for decades to come.

In this changed and changing world, the United States
continues to occupy a prominent position as the world’s
largest economy. On a number of broad macroeconomic
measures, it has performed well over the past two decades.
Its gross domestic product (GDP) growth has been robust,
both overall and on a per capita basis, and its productivity
growth has been strong.

U.S. GDP growth is robust but cannot match large, sus-
tained increases in China and other Asian economies.
World Bank and other data show that the world’s total
economic output nearly doubled over the past two decades.!
Although most world regions participated in this rapid ex-
pansion of total economic output, increases did not occur
evenly. A group of East and Southeast Asian economies (the
Asia-10) gained more rapidly than did most of the rest of
the world, initiating a slow shift of the epicenter of world
economic growth toward the region (figure O-1). Its GDP
nearly tripled as China, India, and South Korea posted strong
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Figure O-1

Real GDP growth, by region/country: 1985-95 and 1995-2005
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SOURCE: Conference Board and Groningen Growth and Development Centre, Total Economy Database (January 2007), http://www.ggdc.net.

advances, even as Japan’s economy struggled with slow
growth. The rapid rise in Asian economic output over two
decades, combined with slower growth elsewhere, pushed
the region’s share of world GDP from less than one-quarter
in 1985 to 36% in 2005 (figure O-2).

U.S. real GDP growth was slower than Asia’s but faster
than that of most other mature economies. It resulted in a
near-doubling of real output over the two decades, leading to
a small decline in the U.S. share of world GDP, from about
22% to just above 20% in 2005 (figure O-2). The EU-25
faced slower growth and a larger share decline from 24% to
19%. Japan’s economy continued to grow in real terms but
at a declining rate, leading to a fall of the country’s world
GDP share starting in the early 1990s, from about 8% of
the total to 6% by 2005. The “all others” category in figure
0O-2 largely reflects the breakdown in growth of Eastern Eu-
ropean and Asiatic countries of the former Union of Soviet
Socialist Republics (USSR).

Even as others gain in per capita GDP, the absolute U.S.
advantage widens because of its advantageous starting
position.

GDP growth in part reflects increases in population, and
GDP per person provides a convenient means of adjusting for
this factor, albeit a measure that does not take in-country dis-
tribution into account.> A comparison of GDP and population
growth rates shows a highly variable relationship for different
regions and countries: very strong GDP growth for Asia, even
after accounting for rising populations; average growth for
the United States and the EU-25; and below-average growth
for some other regions with fairly large population growth
(figure O-3).

Over the past two decades (1985-2005), real annual
growth of U.S. per capita GDP averaged 2.0%, almost iden-
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tical to the world average and the growth rate of the EU-25.
Many smaller EU countries, Ireland, the United Kingdom,
and a smattering of countries in Latin America, the Middle

Figure O-2

World GDP shares, by region/country: 1985-2005
Percent
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SOURCE: Conference Board and Groningen Growth and
Development Centre, Total Economy Database (January 2007),
http://www.ggdc.net.
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Figure O-3
Real GDP growth and population increase, by region/country: 1985-2005
Percent
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East, and Africa had higher growth rates. So did virtually all and the former USSR-dominated category have shown two-
East and Southeast Asian economies, regardless of size. The decade increases, and the Asia-10 grouping has doubled its
highest growth rate of real per capita GDP? was achieved by per capita GDP in real terms (figure O-4).
China, averaging 6.6% over the period, followed by South
Korea, Vietnam, Thailand, and others; India’s GDP per capi-
tarose by 4.2%. Of 11 economies with at least twice the U.S.
average per capita growth, nine were in Asia (table O-1).

In terms of absolute per capita purchasing power, the

Figure O-4
Per capita GDP, by region/country: 1985-2005
Constant 1990 PPP dollars (thousands)
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Despite faster rates of growth elsewhere, the United States
widened its per capita GDP lead in absolute inflation-adjusted
terms because of its large initial advantage. The absolute
gap in 2005 was smallest for the EU-25 (about $12,000)
and largest for Africa (about $29,000). The Asia-10 gap in-
creased from about $18,000 to $26,000, despite the region’s
rapid GDP growth. Since 1985, this gap has increased for
each region (figure O-5).

For some regions, the per capita GDP gap also increased
as a fraction of their own growing per capita GDP. The only
region to consistently reduce the relative per capita GDP gap
with the United States was the Asia-10 (figure O-6). The
Asia-10 group managed to reduce the size of the gap from 8
times its per capita GDP to under 5 times, reflecting impres-
sive underlying GDP growth numbers coupled with moder-
ate (1.4%) population growth (figure O-3).

Large relative productivity gains elsewhere fail to close
absolute per-worker output gaps with the United States.

Rising productivity spurs economic growth and higher
per capita resources. The preferred measure, volume of eco-
nomic output per hour worked, is available for only a few
countries. It shows that after enduring anemic productivity
growth into the mid-1990s, the United States recovered to

Figure O-5

Per capita GDP gap with United States, by region:
1985-2005
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an annual, inflation-adjusted rate of about 2.5% from 1995
to 2004, significantly above the rates of major European
economies and Japan.

A related measure, GDP per person employed, is more
widely available and thus allows broad, but approximate,
international comparisons. That measure shows generally
higher real productivity gains for the regional aggregates in
the 1995-2005 decade than in the preceding one, except for
the EU-25 (figure O-7). Neither the United States, nor major
European countries or Japan achieved the kind of productiv-
ity growth rates of some Asian economies. These averaged
above 3% during the first decade and approached 4% during
the second. China and India had real second-decade produc-
tivity growth rates of 6.6% and 4.4%, respectively, albeit
from low bases.

In inflation-adjusted dollars, U.S. output per worker in-
creased more steeply over the 20-year period than that of any
other economy. Again, this reflects the much higher U.S. out-
put per worker at the beginning of the period: a 2% increase
on a high base is much larger, in absolute terms, than the same
percentage rise on a small base. As a result, even countries
with fast-expanding economies faced a growing gap with the
United States (figure O-8). Even the EU-25, with a 20-year
average productivity growth rate that matched that of the
United States, saw its productivity gap widening after 1995.

Figure O-6

Per capita GDP gap with United States relative to
region’s GDP: 1985-2005
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Figure O-7
Productivity output per employed individual:
1985-2005

Constant 1990 PPP dollars (thousands)
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The United States remains robustly competitive on these
macroeconomic measures.

In terms of these three indicators, the U.S. economy has
managed to maintain a strong competitive position. Its abso-
lute GDP growth was sufficiently robust to broadly maintain
the U.S. world share in the face of expanding world GDP
and a shift of rapid GDP growth toward Asian economies.
Similarly, it has maintained its advantages in both purchas-
ing power and productivity. While per capita GDP of econo-
mies in Asia and elsewhere was rising at very rapid rates,
smaller rates of increase in U.S. per capita GDP kept wid-
ening the absolute dollar gap, reflecting and continuing the
large initial U.S. advantage. U.S. productivity growth was
sufficiently robust to keep the country well ahead, in abso-
lute productivity measures, even as others raise their produc-
tivity growth rates from relatively low levels.

Knowledge-Intensive Economies

The notion of a knowledge-intensive economy is of rela-
tively recent vintage but has taken a powerful hold on gov-
ernments in many parts of the world. It is easy to see why.
Industries that rely heavily on the application and exploita-
tion of knowledge are driving growth in both manufacturing
and services. They tend to create well-paying jobs, to con-

Overview

Figure O-8
Inflation-adjusted productivity gap with United
States, by region: 1985-2005
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tribute high-value output, and to stimulate economic activity
generally. The global nature of these developments compels
governments to take part in them or be left behind, to the
detriment of a country’s economic standing and well-being.

Industry anticipates and reacts to these same fundamen-
tals. Growing markets, including rapidly expanding ones in
Asia, beckon, especially for knowledge- and technology-
intensive goods and services. They offer growing buying
power, cheap labor, and often strategically structured gov-
ernment incentives intended to attract investment. Spurred
by both market and government activities, these economies,
and particularly their knowledge-intensive sectors, have
grown very rapidly in a number of regions.

Indicators of the shift toward knowledge-intensive eco-
nomic activity abound. Around the world, service sectors are
expanding, driven by rapid growth of their most knowledge-
intensive segments. Goods from high-technology manufac-
turing segments represent a growing share of manufacturing
output. Countries are investing heavily in expansion and
quality improvement of their higher education systems, eas-
ing access to them, and often directing sizable portions of
this investment to training in science, engineering, and re-
lated S&T fields. The concept of innovation figures promi-
nently in discussions of economic policy.
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Taken together, these activities have spawned trends that
are reshaping the world’s S&T economy, now dominated not
only by the United States and the EU, but also by selected
Southeast and South Asian economies. The broad changes,
generally starting in the mid-1990s and continuing unabated,
have the United States holding its own in terms of (generally
high) world shares, the EU-25 losing some ground, and the
Asia-10 group increasing its world share. In Asia, Japan is
losing world share on many indicators, while China is rap-
idly gaining ground, especially since the mid-1990s.

Knowledge-intensive industries are reshaping the world
economy.

Knowledge-intensive industries, both in services and
manufacturing, form a growing share of economic output
worldwide and in many individual countries. While the esti-
mated volume of worldwide services doubled between 1985
and 2005, knowledge-intensive services grew faster. After the
mid-1990s, their growth accelerated to approximately 3.5%
annually in real terms, compared with about 2.5% for other
types of services. A similar shift occurred in high-technology
manufacturing, where output rose from about 12% of total
manufacturing output to about 19% over two decades (figure
0-9).

These developments affected various countries and re-
gions differently, leading to considerable shifts in world

Figure O-9

High-technology manufacturing share of total
manufacturing, by region/country: 1985-2005
Percent
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shares, particularly in high-technology manufacturing. The
Asia-10’s share increased from 29% to 41% over two de-
cades. However, within the group, Japan’s share declined
from 25% in 1985 to 16% in 2005, while China’s share
rose, with sharp acceleration starting in the mid-1990s, from
under 2% to 16% over the same period (figure O-10). The
EU’s share of high-technology manufacturing declined from
about 25% through the mid-1990s to 18% in 2005. In con-
trast, U.S. high-technology manufacturing expanded sharply
over the past decade to 24% of all U.S. manufacturing activ-
ity by 2005, up from 12% as late as 1995; this has kept the
U.S. world share above 30% since the late 1990s.

Trade patterns in knowledge-intensive services and high-
technology manufacturing have changed.

Trade volume in high-technology manufactures has risen
about 10-fold over the two decades, with exports reaching
approximately $2.3 trillion in 2005 (figure O-11). The ar-
rival and rapid expansion of new, mostly Asian, manufac-
turing locations has shifted world export patterns, shrinking
the shares of established manufacturing centers. The EU’s
world share fell from 39% to 28%, that of the United States
from 23% to 12%, and Japan’s from 21% to 9%. China’s
share increased dramatically after the late 1990s, reaching
20%, while the share of other Asian economies rose quite
steadily from 7% to 25% in 2005 (figure O-12).

Figure O-10
World share of high-technology manufacturing,
by region/country: 1985-2005

Percent
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SOURCE: Global Insight, Inc., World Industry Service database,
special tabulations.
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Figure O-11

Export volume of high-technology manufactures,
by region/country: 1985-2005
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The comparative strength of the U.S. economy over the past
several years was reflected in U.S. trade in high-technology
goods, especially in information and communications tech-
nologies (ICT). The strong U.S. economy boosted imports
of high-technology goods, which rose to $291 billion in
2006 from $196 billion in 2000. However, U.S. exports of
these types of goods failed to keep pace, and imports have
exceeded exports since 2002, producing the first U.S. trade
deficit in this segment of the U.S. economy (figure O-13).

The growing technological sophistication of Asian trade
partners is evident in the growing imports of high-technology
goods from Asia that are not balanced by U.S. exports to
these economies. The overall high-technology goods deficit
is driven by trade with Asia, while trade with Europe, North
American Free Trade Agreement (NAFTA) partners, and
Latin America is broadly in balance (figure O-14).

However, the United States continues to maintain a
healthy position in royalties and fees for intellectual prop-
erty. This includes both cross-border intrafirm transactions
and transactions between unaffiliated firms; the latter ac-
counted for approximately 25% of all such transactions over
the past two decades (figure O-15).

Overview

Figure O-12

World share of high-technology manufacturing
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Figure O-13

U.S. trade balance in high-technology goods:
2000-06
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Figure O-14

U.S. advanced technology product trade balance,
by region: 2000-06
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Figure O-15

U.S. receipts and payments of royalties and fees for
intellectual property: 1986-2005
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Nascent S&T capabilities are reflected in gains in patenting
and scientific publishing.

As countries strive to develop knowledge-intensive
segments of their economies, they promulgate policies to
strengthen domestic S&T capabilities so as to become less
reliant on foreign expertise. Some results of these efforts are
difficult to measure, such as the quality of rising numbers
of higher education degrees awarded, but others are eventu-
ally reflected in readily quantified data. Intellectual property
rights in major markets in the form of patents are generally
accepted as indicating a degree of technological innovative-
ness and sophistication. Publication of rising numbers of sci-
entific and technical articles in international, peer-reviewed
journals is evidence of growing scientific capacity, as are
increasing international collaborations. A number of gov-
ernments are actively encouraging these activities and moni-
toring these and related indicators.

Patent applications to the U.S. Patent and Trademark Of-
fice (USPTO) seek intellectual property protection in the
world’s largest national economy. Applications from foreign
sources reveal growing technological capabilities around the
world, as well as rising incentives to protect the exploitation
of potentially economically valuable inventions. Such ap-
plications have more than tripled since 1985, with U.S. ap-
plications consistently accounting for 53% or more through
2005. Over the period, applications from EU countries little
more than doubled, while those from Asia increased fivefold
(figure O-16).

These divergent growth rates created large shifts in the
country and regional shares of U.S. patent applications. The
EU, long the major non-U.S. source, lost ground in the late
1980s to a nascent Asia, as the EU’s share declined from
21% to 13% of total applications registered by the USPTO;
Asia’s share in the meantime rose from 19% to 29%. Within
Asia, Japan’s share fluctuated around 18% to, briefly, 22%
while that of smaller Asian economies such as South Korea,
Taiwan, and Singapore rose from 1% to 9% (figure O-17).
Chinese applications, however, do not yet register in any
significant way, suggesting room for further development of
the country’s domestic technology base.

Progress in building the S&E base underlying indigenous
technical advances is registered in articles published in the
international peer-reviewed literature. On this measure, the
U.S. and Japanese outputs grew marginally over the 1995—
2005 decade, while Asia’s output doubled (figure O-18).
China moved to fifth place in total article output, and a num-
ber of other Asian economies, including South Korea, Sin-
gapore, and Taiwan, registered steep publications increases,
suggesting improving basic scientific infrastructure. But a
broad citation measure (citations received adjusted for the
volume of articles available for citation) indicates a more
measured pace of increasing article quality for many Asian
locations.
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Figure O-16
USPTO patent applications, by region/country:
1985-2005
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R&D in Knowledge-Intensive
Economies

Knowledge-intensive economies draw on a broad range
of knowledge, goods, skills, and activities, including the
funding and performance of R&D. The level of R&D rela-
tive to other expenditures provides an indication of the pri-
ority given to advancing S&T relative to other public and
private goals.

A growing emphasis on R&D is a measure of the devel-
opment of a knowledge-intensive economy. In government
accounts, R&D must compete for funding with other pro-
grams supported by discretionary spending, from education
to national defense. The budget share devoted to R&D thus
indicates governmental and societal investment in R&D
relative to other activities. Similarly, the amount for-profit
companies spend on R&D relative to other investments in-
dicates how important they consider technological improve-
ments to be as a basis for developing markets and exploiting
demand for better processes, goods, and services.

R&D enables but does not guarantee invention, and in-
vention does not automatically lead to innovation, the intro-
duction of new goods, services, or business processes in the
marketplace. Differences in national systems of innovation
may make one country more effective than another in trans-

Overview

Figure O-17
Proportion of total USPTO patent applications from
Asia and EU: 1985-2005
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Figure O-18

Scientific and technical articles in peer-reviewed
journals, by region/country: 1995-2005
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lating R&D investments into economic growth or other so-
cial benefits. In the end, it is the results of R&D expenditures
that matter, not their amount.

Internationally, R&D is concentrated but becoming less so.

Over the past two decades, R&D has principally been
performed and funded in North America, Europe, and Asia
by the 30 developed member nations of the Organisation
for Economic Co-operation and Development (OECD) (fig-
ure O-19).° The United States and Japan provided close to
60% of the estimated $772 billion OECD total in 2005, little
changed from 61% of the $480 billion OECD total in 1995.

But this picture is changing (table O-2). For nearly a
decade, R&D expenditures are estimated to have risen rap-
idly in selected Asian and Latin American economies and
elsewhere. The average annual R&D growth rate of nine
non-OECD economies (Argentina, China, Israel, Romania,
Russian Federation, Singapore, Slovenia, South Africa, and
Taiwan; there are no data for India) tracked by the OECD
was about 15.5% from 1995 to 2005, compared with an
OECD average of 5.8%. Over the decade, the OECD share
of the combined total dropped from an estimated 92% to
82%. Likewise, the combined share of the United States and
Japan, the two largest R&D-performing countries, declined
from 56% of the total in 1995 to 48% in 2005.

China’s expansion of R&D was by far the most rapid and
sustained of all (figure O-20). According to OECD figures,

Figure O-19
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Table O-2
R&D expenditures for selected regions/countries:
1995, 2000, and 2005

Region/country 1995 2000 2005
Current PPP dollars

(billions)
All selected regions/countries ..... 480.1 687.2 939.5

440.3 606.8 771.5
266.5 366.6 455.2
1841 267.8 3245

82.4 98.8 130.7

Selected non-OECD................. 39.8 80.5 168.0
Percent

All selected regions/countries ..... 100 100 100

OECD share all........ccccceeuennee. 92 88 82

U.S/Japan share OECD........ 61 60 59

U.S./Japan share all................. 56 53] 48

OECD = Organisation for Economic Co-operation and Development;
PPP = puchasing power parity

SOURCE: OECD, Main Science and Technology Indicators, 2006
and 2007.
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it had the fourth largest expenditures on R&D in 2000 ($45
billion), which increased in 2005 to an estimated $115 bil-
lion, further moving it up in rank. Given the lack of R&D-

Estimated R&D expenditures and share of world total, by region: 2002

North America
$300 (36.8%)

South America/
Caribbean
$18 (2.2%)

World total = $813

Asia
$246 (30.2%)
Europe
$234 (28.7%)
Africa
$5 (0.6%)

Oceania
$9 (1.3%)

NOTES: R&D estimates from 91 countries in billions of purchasing power parity dollars. Percentages may not add to 100 because of rounding.

SOURCES: Organisation for Economic Co-operation and Development, Main Science and Technology Indicators (2006); Ibero-American Network of
Science and Technology Indicators, http://www.ricyt.edu.ar, accessed 5 March 2007; and United Nations Educational, Scientific and Cultural Organization

(UNESCO), Institute for Statistics, http://www.uis.unesco.org.
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Figure O-20

Gross domestic expenditures on R&D, by selected
region/country: 1995-2006
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specific exchange rates, it is difficult to draw conclusions
about China’s absolute R&D volume, but its nearly decade-
long, steep ramp-up of R&D expenditures and R&D intensi-
ty is unprecedented in the recent past. Other less-developed
countries that appear set to become sizable R&D performers
include Brazil ($14 billion in 2004) and India ($21 billion
in 2000).

Overview

Industry R&D in manufacturing and services is expand-
ing and increasingly crossing borders.

In most OECD countries, the manufacturing and services
sectors account for more than 60% of total R&D funding and
performance. However, sector concentration and sources of
funding vary substantially among these countries.

Industrial R&D in the United States is highly diversi-
fied. No single U.S. industry accounted for more than 16%
of total business R&D (table O-3 and figure O-21). The di-
versity of R&D investment by industry in the United States
is also an indicator of how the nation’s accumulated stock
of knowledge and well-developed S&T infrastructure have
made it a popular location for R&D performance in a broad
range of industries.

Most other countries display higher sector concentra-
tions than the United States. In countries with less business
R&D, high sector concentrations can result from the activi-
ties of one or two large companies. This pattern is notable
in Finland, where the radio, television, and communications
equipment industry accounted for almost half of business
R&D in 2004. Other industries also exhibit relatively high
concentrations of R&D by country. Automotive manufac-
turers rank among the largest R&D-performing companies
in the world. Because of this, the countries that are home to
the world’s major automakers also boast the highest concen-
tration of R&D in the motor vehicles industry. This industry
accounts for 32% of Germany’s business R&D, 26% of the
Czech Republic’s, and 19% of Sweden’s.

The pharmaceuticals industry accounts for 20% or more
of business R&D in Denmark, the United Kingdom, Bel-
gium, and Sweden. Among OECD countries, only the
Netherlands and Japan report double-digit concentration of
business R&D in the office, accounting, and computing ma-
chine industry.

One of the more significant trends in both U.S. and in-
ternational industrial R&D activity has been the growth of

Table O-3

R&D expenditures for selected countries, by performing sector: Most recent year

(Percent)

Country Industry Higher education Government Other nonprofit
South Korea (2005)........cceeceeeeeiieeeiiieeeeeeaenns 76.9 9.9 11.9 1.4
JAPAN (2004) ... eeneeen 75.2 13.4 9.5 1.9
United States (2006).......cccceeeeveeeeerieeeaieeeennes 711 13.7 11.0 4.2
Germany (2005) ......ceeeccueeeeiieeiaiieeesneeeesneeens 69.9 16.5 13.6 NA
(0] AT W 20 01<) 68.3 9.9 21.8 NA
Russian Federation (2005).........cccccceeriuerieennne 68.0 5.8 26.1 0.2
United Kingdom (2004).......ccccceeeariieeeniieeennes 63.0 23.4 10.3 3.3
France (2005) 61.9 19.5 17.3 1.2
Canada (2006) ......cceeeeeeeeeeecieeeeiieeeeneeeesneaenns 52.4 38.4 8.8 0.5
[taly (2004) ...cocueeeeeeeieeiee e 47.8 32.8 17.9 1.5

NA = not available

SOURCES: National Science Foundation, Division of Science Resources Statistics, National Patterns of R&D Resources (annual series); and Organisation
for Economic Co-operation and Development, Main Science and Technology Indicators (2006).
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Figure O-21
Share of industrial R&D, by industry sector and selected region/country: 2003 or 2004

(Percent)
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R&D in the service sector. ICT services account for a sub-
stantial share of the service R&D totals.

In most OECD countries, government financing account-
ed for a small and declining share of total industrial R&D
performance during the 1980s and 1990s (figure O-22). In
1981, government provided 21% of the funds used by indus-
try in conducting R&D within OECD countries. By 2001,
government’s funding share of industrial R&D had fallen
below 7% and continued to fluctuate between 6.8% and
7% through 2005. Among major industrial countries, gov-
ernment financing of industrial R&D performance shares
ranged from as little as 1.2% in Japan to 54% in Russia in
2005. In the United States in 2006, the federal government
provided about 9% of the R&D funds used by industry, and
the majority of that funding came from Department of De-
fense contracts.

An indicator of the globalization of industrial R&D, the
relative prominence of foreign sources of funding for busi-
ness R&D, increased in many countries in the 1990s (fig-
ure O-23). The role of foreign funding varies by country,
accounting for less than 1% of industrial R&D in Japan to
as much as 23% in the United Kingdom in 2004. Directly
comparable data on foreign funding sources of U.S. R&D
performance are unavailable, but data on U.S. investments
by foreign multinational corporations (MNCs) suggest this
is rising as well. (See section on multinationals’ R&D con-
ducted abroad later in this overview.) This funding predomi-
nantly comes from foreign corporations; however, some of
it also comes from foreign governments and other foreign
organizations. For European countries, growth in foreign
sources of industry R&D funds may reflect the expansion
of coordinated EU efforts to foster cooperative shared-cost
research through its European Framework Programmes for
Research and Technological Development.

R&D/GDP ratio is an elusive policy goal but a useful in-
dicator of R&D intensity.

A country’s ratio of R&D to GDP depends on many
things, among them the extent and structure of industrializa-
tion, orientation toward R&D in various sectors of the econ-
omy, availability of trained personnel, the nature of R&D
infrastructure, and government policy. This makes meeting
any specific R&D/GDP ratio an elusive policy goal. How-
ever, R&D/GDP ratios do provide a quick view of the R&D
intensity of an economy relative to support of other public
and private goals. Thus, emphasis on R&D can be seen as a
measure of a knowledge-intensive economy.

Existing wealth generally bestows an advantage in mov-
ing toward a knowledge-intensive economy. R&D intensity
indicators, such as R&D/GDP ratios, show that the devel-
oped, wealthy economies are well ahead of lesser developed
economies. In many cases, this ratio heavily reflects the level
of industry-funded R&D. Although industrial R&D does not
generally respond directly to government policies, it thrives
where favorable framework conditions exist, and these are
subject to government influence.

Overview
Figure O-22
OECD industry R&D, by funding sector: 1981-2004
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See appendix table 4-39.
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Figure O-23

Industrial R&D financed by foreign sources:
1981-2005
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Main Science and Technology Indicators (2006). See appendix table
4-38.
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Overall, the United States ranked seventh among OECD
countries in terms of reported R&D/GDP ratios (2.6% in
2005). Israel (not an OECD country), devoting 4.7% of its
GDP to R&D, led all countries, followed by Sweden (3.9%),
Finland (3.5%), and Japan (3.2%) (table O-4).

Most non-European, non-OECD, or developing countries
invest a smaller share of their economic output in R&D than
do OECD members. Despite its rapidly rising investment in



Science and Engineering Indicators 2008

Table O-4

R&D share of GDP, by region/country/economy:
Most recent year

(Percent)

Country/economy Share
All OECD (2004)......eeeueeeeiereesierieseeeee e 2.25
EU-25 (2005) ....cerveerereeienieeeesieeeesne e 1.77
ISrael (2005) ....c.cerueeeerreerenieeeeee e 4.71
Sweden (2005).......ccoereeirereeireneerese e 3.86
Finland (2006) ........ccueerveereeeniienieeiee e BI5)|
Japan (2004) 3.18
South Korea (2005)........cccoeiiiieiiiiiniiiiescieene 2.99
United States (2006)........ccceeeereeeerinereriiieaeneeen. 2.57
Germany (2005) 2.51
Taiwan (2004)....... 2.42
France (2005).................. 2.13
United Kingdom (2004)........cc.coreeerieerieernieenneenne 1.73
China (2005) ......eereeeeerieeee e 1.34
Ireland (2005) 1.25
Argentina (2005) ........covveiiieeiiiiiieeieenie e 0.46
MEXICO (2003) ...ccuveeurerierenrerrennereesseseessesneneenas 0.43

EU = European Union; GDP = gross domestic product;
OECD = Organisation for Economic Co-operation and Development

NOTE: Civilian R&D only for Israel and Taiwan.

SOURCES: National Science Foundation, Division of Science
Resources Statistics, National Patterns of R&D Resources (annual
series); and OECD, Main Science and Technology Indicators (2006).
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Figure O-24
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R&D, China reported an R&D/GDP ratio of just 1.3% for
2005—but relative to a GDP marked by sustained, record
growth. All Latin American countries for which such data
exist have R&D/GDP ratios at or below 1%. The pattern of
this indicator broadly reflects the wealth and level of eco-
nomic development of these countries.

High-income countries that emphasize the production of
high-technology goods and services (i.e., have or are mov-
ing toward knowledge-intensive economies) are also those
that tend to invest heavily in R&D activities. The private
sector in low-income countries often has few high-technology
industries, resulting in low overall R&D spending and there-
fore low R&D/GDP ratios (figure O-24).

Countries have different investment levels for national
defense and associated R&D. The ratio of nondefense R&D
to GDP reflects the portion of R&D that is more directly tied
to scientific progress, economic competitiveness, and stan-
dard-of-living improvements. On this indicator, the United
States falls below Germany and just above Canada (figure
0-25). This is because the United States devotes more of
its R&D than any other country to defense (16% in 2006),
primarily for development rather than research. For histori-
cal reasons, Germany and Japan spent less than 1% of their
R&D on defense. Approximately 10% of the United King-
dom’s total R&D was defense related in 2004.

Composition of GDP and R&D/GDP ratio for selected countries, by sector: 2006 or most recent year

| Agriculture . Industry . Services

China (1.34)

South Korea
(2.99)

Russia (1.07)
India (NA)
Canada (1.95)
Italy (1.10)
Germany (2.51)
Japan (3.18)
UK (1.73)
France (2.13)

U.S. 2.57)

NA = not available
GDP = gross domestic product; UK = United Kingdom

60 80 100
Percent

SOURCE: Central Intelligence Agency, The World Factbook 2007, http://www.cia.gov/cia/publications/factbook/index.html, accessed 2 March 2007. See

table 4-12.
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Figure O-25
R&D share of gross domestic product, by selected
countries: 1981-2006
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Basic research plays a special role in developing new
technologies.

Basic research generally has low short-term returns but
builds intellectual capital and lays the groundwork for future
advances in S&T.¢ High basic research/GDP ratios generally
reflect the presence of robust academic research centers in
the country or a concentration of high-technology industries
with patterns of strong investment in basic research.

Investment in basic research relative to GDP indicates
differences in national priorities, traditions, and incentive
structures with respect to S&T. Among OECD countries
with available data, Switzerland has the highest basic re-
search/GDP ratio at 0.8% (figure O-26), significantly above
the U.S. and Japanese ratios of 0.5% and 0.4%.

Switzerland devoted almost 30% of its R&D to basic
research in 2004 (figure O-27). This small, high-income

Figure O-26

Overview

Basic research share of gross domestic product,
by country/economy: 2003 or 2004
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country boasts the highest number of Nobel prize winners,
patents, and science citations per capita worldwide and an
industrial R&D share comparable with the United States
and Japan. The higher Swiss basic research share reflects
the concentration of chemical and pharmaceutical R&D in
Swiss industrial R&D and the “niche strategy” of focusing on
specialty products adopted by many Swiss high-technology
industries.

China, despite its growing R&D investment, has one of
the lowest basic research/GDP ratios (0.07%), below Ro-
mania (0.08%) and Mexico (0.11%). With its emphasis on
applied R&D aimed at short-term economic development,
China follows the pattern of Taiwan, South Korea, and Ja-
pan whose basic research is 15% or less of total R&D (figure
0-27). Singapore’s basic research share, 12% in 2000, has
risen to 19%, on a par with that of the United States.

Multinationals’ R&D outside their home countries is
growing in the United States and elsewhere.

Industrial R&D activities ceased long ago to be national
in scope. Their increasingly international scope in the search
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Figure O-27
Basic research share of R&D, by country/economy:
2003 or 2004
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for useful innovations is reflected in growing direct R&D in-
vestments by foreign-based MNCs in the United States and
by U.S.-based firms abroad. Much of this work is supported
by firms’ foreign direct investment (FDI) to majority-owned
affiliates abroad, reflected in the data shown in figure O-28.

Since 1990, R&D expenditures by U.S. affiliates of for-
eign companies have increased faster than total U.S. indus-
trial R&D, and for the past decade they have exceeded R&D
performed overseas by majority-owned affiliates of U.S.
parent companies (table O-5). U.S. affiliates of European
companies accounted for three-fourths ($22.6 of $29.9 bil-
lion) of U.S. affiliates” R&D.

Overseas R&D by U.S. MNCs has started shifting away
from Europe, Canada, and Japan, which received 90% of all
such funds in 1994 but only 80% in 2001. Increasingly, such
R&D FDI is located in emerging Asian markets. This has
led to considerable shifts in the region (figure O-29), where
Japan’s share remains the largest but has fallen from 64%
in 1994 to 35% in 2004. In contrast, the Asian R&D shares
of U.S. foreign affiliates located in China (including Hong
Kong) and Singapore reached 17% and 14%, respectively,

¢ 0-19

in 2004. U.S. affiliates’ R&D expenditures in India doubled
from $81 million in 2003 to $163 million in 2004, pushing
India’s Asia share just above 3%.

In 2004, three manufacturing industries accounted for
70% of U.S. foreign-affiliate R&D: transportation equip-
ment (28%), chemicals including pharmaceuticals (23%),
and computer and electronic products (19%) (table O-6).
Among nonmanufacturing industries, professional, techni-
cal, and scientific services (which includes R&D and com-
puter services) expended an additional 8%. The same three
manufacturing industries accounted for 58% of the R&D
performed by foreign affiliates in the United States: chemi-
cals (34%), transportation equipment (13%), and computer
and electronic products (11%).

R&D in the United States is robust and dominated by
industry.

R&D growth in the United States was robust after the
recession-related slowdown of 2001-02. After declining in
2002 for the first time since 1953 to $277 billion, U.S. R&D
surpassed $300 billion in 2004 and is projected to increase
to $340 billion in 2006.

The industrial sector, including manufacturing and ser-
vices, accounts for the largest share of both U.S. R&D
performance and funding (figure O-30). Its share of U.S.
R&D performance increased from 66% in the early 1970s
to a high of 75% in 2000. Following the 2001-02 recession,
many firms curtailed R&D growth, and industry’s share fell
to 69% of the U.S. total before rising again to 71% in 2006.
Industry funding shares behaved similarly, rising from about
40% in the early 1970s to a 2000 peak at 70%, dipping to
64% in 2004 and reaching 66% in 2006.

Four manufacturing and two services industries account
for more than three-fourths of all industrial R&D: computer
and electronics products, chemicals, aerospace and defense
manufacturing, automotive manufacturing, computer-related
services, and R&D services. Their aggregate R&D intensity
(R&D/net sales) was 7.7% in 2005; the comparable figure
for all other industries was 1.3% (table O-7). In the manufac-
turing segment, nine automotive companies reported R&D
expenditures of more than $100 million in 2004, represent-
ing more than 80% of this industry’s R&D.

The federal government had for nearly three decades
supplied half or more of the nation’s total R&D funds, but
in 1979 its share fell below 50%. It continued to drop to a
low of 25% in 2000 but is projected to reach 28% in 2006
(figure O-31). This recent recovery mainly reflects increased
health-related research spending and, more recently, rising
development spending related to defense and counterter-
rorism. The federal government’s performance share, about
20% of U.S. R&D in the early 1970s, has been declining and
was 11% in 2006.

Defense-related R&D has accounted for at least half of
the federal R&D funding portfolio for the past three decades.
It increased from 50% of the federal R&D budget in 1980 to
almost 70% in the mid 1980s, declined to 53% in 2001, and
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Figure O-28

Overview

R&D performed by U.S. affiliates of foreign companies in U.S., by investing region, and performed by foreign
affiliates of U.S. multinational corporations, by host region: 2004 or most recent year

Current U.S. dollars (billions)

$2.70
$493

—
$373
m
$0.88 $0.04

$18.15

$0.18

NOTES: Preliminary estimates for 2004. 2002 data for U.S. affiliates of foreign companies from Latin America and Middle East.

SOURCES: Bureau of Economic Analysis, Survey of Foreign Direct Investment in the United States (annual series); and Survey of U.S. Direct Investment

Abroad (annual series). See appendix tables 4-43 and 4-45.

Table O-5

R&D expenditures by majority-owned affiliates
in United States and R&D performed abroad by
majority-owned foreign affiliates of U.S. parent
companies: Selected years, 1990-2004

(Millions of dollars)

U.S. affiliates of Foreign affiliates

Year foreign MNCs  of U.S. MNCs Balance
8,511 10,187 -1,676

10,745 11,084 -339

12,671 11,877 794

15,641 14,039 1,602

22,375 14,664 7,711

26,180 20,547 5,633

27,507 22,793 4,714

29,900 27,529 2,371

MNCs = multinational corporations

SOURCES: U.S. affiliates of foreign MNCs data from appendix table
4-43; foreign affiliates of U.S. MNCs data for 2002 and 2004 from
appendix table 4-45; for 1994 to 2000 from National Science Board,
Science and Engineering Indicators 2006, appendix table 4-51; and
for 1990 and 1992 from Science and Engineering Indicators 1998,
appendix table 4-51.
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Figure O-29

R&D performed in Asia by majority-owned affiliates
of U.S. parent companies, by region and selected
country: 1994-2004

Percent
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NOTES: Preliminary estimates for 2004. Asia includes India,
Indonesia, Malaysia, Philippines, Singapore, South Korea, Taiwan,
and Thailand. Data for some intervening years are extrapolated.
SOURCE: Bureau of Economic Analysis, Survey of U.S. Direct
Investment Abroad (annual series). See appendix table 4-45.
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Table O-6

R&D performed abroad by majority-owned foreign
affiliates of U.S. parent companies and foreign
companies in United States, by selected NAICS
industry of affiliate: 2004

(Millions of current U.S. dollars)

Foreign
Industry/sector affiliates U.S. affiliates
All industries.........ccoceeiueene 29,900 27,529
Manufacturing................. 20,891 23,288
Chemicals ..........ccc...... 10,045 6,254
Machinery........cccceeuee. 1,547 791
Computer and
electronic products.... 3,279 5,283
Electrical equipment.... 238 551
Transportation
equipment ................. 3,728 7,741
Nonmanufacturing .......... 9,009 4,241
Information .................. 898 843
Professional, technical,
scientific services...... 1,442 2,120

NAICS = North American Industrial Classification System

SOURCE: Bureau of Economic Analysis, Survey of Foreign Direct
Investment in the United States (annual series); and Survey of U.S.
Direct Investment Abroad (annual series). See appendix tables 4-44
and 4-46.
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increased steadily to a projected 60% in 2008. Nondefense
R&D is dominated by health support (52% of the proposed
FY 2008 nondefense R&D budget) (figure O-32). Health
R&D has accounted for the single largest share of federal
nondefense R&D since at least 1980, when its share was
25%.

U.S. R&D performance is dominated by the development
function (figure O-33), which has fluctuated between 58%
and 65% since 1970. Development of new and improved
goods, services, and processes is dominated by industry,
which funded 83% and performed 90% of all U.S. devel-
opment in 2006. The federal government funded most of
the remaining development performed in the United States,
mostly in defense-related activities.

Basic research provides the essential underpinning for a
vibrant and flexible S&T system. In the United States, well
over half (58%) of all basic research is conducted at univer-
sities and colleges. Two-thirds of the funding is supplied by
the federal government, but the academic institutions them-
selves provided 17% in 2007, the second-largest share. An
additional 5% to 6% ecach is provided by industry and state
and local governments. A key product of academic basic re-
search, in addition to new knowledge, is the production of
young researchers through the strong ties of graduate train-
ing and research.

¢ O-21

Figure O-30
National R&D, by performing and funding sectors,
1953-2006
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federally funded research and development centers.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, National Patterns of R&D Resources (annual
series). See appendix tables 4-4 and 4-6.
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Table O-7

Overview

R&D and domestic net sales, by selected business sector: 2004 and 2005

(Millions of current dollars)

All R&D/sales
All R&D Federal R&D Company R&D Domestic net sales ratio (%)

Sector 2004 2005 2004 2005 2004 2005 2004 2005 2004 2005
All industries........c..c...... 208,301 226,159 20,266 21,909 188,035 204,250 5,601,729 6,119,133 3.7 3.7
Highlighted sectors ....... 163,102 L 174,970 L 19,122 L 20,867 L 143,980 154,102 2,205,651 2,268,642 7.4 7.7
Computer and

electronic products?®.... 40,964 43,520 L 273 1,057 L 40,691 42,463 506,103 472,330 8.1 9.2
Chemicals.........cccocueenee. 39,224 L 42,995 154 L 169 39,070 42,826 595,292 624,344 6.6 6.9
Computer-related

SEIVICES® ..oevveeieaaiians 28,117 L 30,518 410 L 578 27,707 29,939 166,545 213,574 169 14.3
Aerospace and defense

manufacturing® 23,567 L 24,926 L 14,343 L 13,998 L 9,224 10,928 228,018 227,271 10.3 11.0
R&D services®................ 15,620 16,986 3,942 5,065 11,678 11,921 66,614 84,637 23.4 20.1
Automotive

manufacturinge............ 15,610 L 16,025 NA NA 15,610 16,025 643,079 646,486 2.4 2.5
All other industries......... 45199 L 51,189 L 1,144 L 1,042 L 44,055 50,148 3,396,078 3,850,491 1.3 1.3

L = lower-bound estimate; NA = not available

aIncludes all nonfederal R&D and domestic net sales for the navigational, measuring, electromedical, and control instruments industry. All federal R&D for
navigational, measuring, electromedical, and control instruments industry included in aerospace and defense manufacturing sector.

®Includes R&D and domestic net sales for software and computer systems development industries.

°Includes all R&D for aerospace products and parts, plus all federal R&D for navigational, measuring, electromedical, and control instruments and
automotive and other transportation manufacturing industries. Domestic net sales not included for automotive and other transportation manufacturing

industries.

dIncludes R&D and domestic net sales for architectural, engineering, and related services and scientific R&D services industries.
eFederal R&D for all transportation manufacturing industries (including automotive manufacturing) included in aerospace and defense manufacturing

sector.

NOTE: Potential disclosure of individual company operations only allows lower-bound estimates for some sectors.

SOURCE: National Science Foundation, Division of Science Resources Statistics, Survey of Industrial Research and Development.

Figure O-31
National R&D expenditures, by funding sector:
1953-2006
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80

.

Other

0 N N T T N N B A A A A A A

1953

SOURCE: National Science Foundation, Division of Science Resources

Statistics, National Patterns of R&D Resources (annual series). See
appendix table 4-5.
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Knowledge and the S&E Workforce

The progressive shift toward more knowledge-intensive
economies around the world is dependent upon the availabil-
ity and continued inflow of individuals with postsecondary
training to the workforce. The expansion of higher education
systems in many countries that started in the 1970s and con-
tinues today has enabled this shift to occur. Such broadening
of higher education availability and access in many cases
entailed greater relative emphasis than in the United States
on education and training in engineering, natural sciences,
and mathematics.

Demographic structures, stable or shrinking populations,
expanding opportunities in other fields, and declining inter-
est in mathematics and science among the young are viewed
by governments of many mature industrial countries as a po-
tential threat to the sustained competitiveness of their econo-
mies. The topic has assumed increasing urgency in meetings
of ministers of OECD member countries.
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Figure O-32

Federal R&D budget authority, by budget function:
FY 1980-2008

Constant 2000 dollars (billions)

80
Defense
Nondefense
i Health y
........... Space
60 [ —— Energy

General science
Other

Lo L L | S

o =
1980 1984 1988 1992 1996 2000 2004 2008

NOTES: Other includes all nondefense functions not separately
graphed, such as agriculture and transportation. 1998 increase in
general science and decrease in energy and 2000 decrease in space
were results of reclassification.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, Federal R&D Funding by Budget Function:
Fiscal Years 2006-08 (forthcoming). See appendix table 4-26.
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Growing educational and technical sophistication mark
international workforces and reduce traditional U.S.
advantage.

Reliable, internationally comparable data on S&E labor
force growth are unavailable. However, the number of indi-
viduals 15 years and older with a tertiary education, broadly
comparable to at least a U.S. technical school or associate’s
degree, can serve as a proxy measure for the expansion of
highly educated populations. A two-decade snapshot shows
very rapid growth in overall numbers and considerable shifts
in the geographical location of these individuals (figure
0-34).

From 1980 to 2000 (the latest available estimate), the
number of individuals with a tertiary education rose from 73
million to 194 million, a 165% increase. The U.S. share of
these degree holders declined from 31% to 27%.

Japan’s shrinking share of the tertiary educated (from
10% to just above 6%) notwithstanding, the combined total
of five other Asian nations, China, India, South Korea, the
Philippines, and Thailand, rose from 14% in 1980 to 34%
in 2000, an increase from 10 million to 66 million. The 56
million people added by these countries alone broadly match
the entire 2000 U.S. total.

Worldwide, researcher numbers are rising robustly.

The size of the research workforce is another indicator of
the economic importance of efforts to develop new knowl-
edge and innovative products and processes. As is the case
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Figure O-33

National R&D expenditures, by character of work,
and basic research, by performer and source of
funds: 2006

Percent
100
L Development - t
801
. Other
+ nonprofit -
[ usc
601 e
D Federal
L government 4
. Industry
0w 1T 1
F Applied b
research
20
+ Basic 4
research
0
National R&D Basic Basic

research by  research by
performer  source of funds

U&C = universities and colleges

NOTES: Figures rounded to nearest whole number. National R&D
expenditures projected at $347 billion in 2006. Federal performers
include federal agencies and federally funded research and
development centers.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, National Patterns of R&D Resources (annual
series). See appendix tables 4-3, 4-7, 4-11, and 4-15.
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with S&E workforce numbers, reliable, internationally com-
parable data about individuals actively engaged in R&D are
unavailable for much of the world. However, OECD cap-
tures such figures for its member countries and selected oth-
er economies. For all these combined, the data show robust
50% growth from 1995 to 2005 (figure O-35).

This overall growth was uneven, with the number of
researchers doubling in selected non-OECD economies in-
cluding China,” slower growth in the United States (35%)
and the EU (29%), stagnation in Japan (5%), and faster-
than-average growth in the other OECD member countries
(60%). The overall trend is toward an increase in person-
nel dedicated to R&D functions in the world’s economies.
According to OECD, a strong countervailing trend persists
in the Russian Federation, where the number of researchers
dropped from 610,000 in 1995 to 465,000 in 2005.

In the United States, S&E occupations have long grown
faster than others.

Long-term data on the U.S. workforce show a trend to-
ward increasing numbers of workers in S&T-related occu-
pations (figure O-36). Although different data sources yield
somewhat different estimates of the size of the S&E labor
force, there is no doubt that overall growth has been large
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Figure O-34
Population 15 years old or older with tertiary education, by country/region: 1980 and 2000

Other 20.8%
United States Other 23.9%

United States
31.19 271%

%

—United Kingdom 2.2%
~South Korea 2.3%
Brazil 2.3%

“Germany 2.8%
\Philippines 2.9%

Japan 6.4%

Germany 3.1%
Philippines 2.9%

China 10.8%
China 5.4%

India 4.1%
Russia 13.4%

Japan 9.9% India 7.7%
Russia 7.0%
1980 (73 million) 2000 (194 million)

SOURCE: Adapted from Barro RJ and Lee J-W, Center for International Development, International Data on Educational Attainment (2000).
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Figure O-35 Figure O-36
Researchers in OECD and selected non-OECD Science and technology employment: 1950-2000
locations: 1995-2005 Employees (millions)
Millions 6
° | I Selected non-OECD i i All S&T employees |
[] Other OECD TToSsE

5| WJapan 00 - - - - Life scientists

- @ EU 4 S Il Physical scientists
4-mus. . N B I N Engineers

L | —— Mathematicians/

information technologists

m T TEE e . - 4 | -~ — Social scientists

F B --=-= Technicians

1995 1997 1999 2001 2003 2005

EU = European Union; OECD = Organisation for Economic
Co-operation and Development

NOTES: Selected non-OECD includes China, Romania, Singapore,
Slovenia, and Taiwan. 1996 data for Taiwan substituted for 1995. EU
data for 1999 and beyond reflect enlarged EU-25 membership.

SOURCE: OECD, Main Science and Technology Indicators (2007)
and various earlier volumes.

Science and Engineering Indicators 2008

=1 1 1

0
. ‘ . 1950 1960 1970 1980 1990 2000
and steady for more than a half century. During this period,

growth patterns within individual occupations have varied.
In the 1990s, for example, widespread computerization was

S&T = science and technology

NOTE: Data include bachelor’s degrees or higher in science
occupations, some college and above in engineering occupations,

accompanied by a sharp rise in the numbers of people work- and any education level for technicians and computer programmers.
ing as mathematicians and information technologists, while SOURGCE: Adapted from Lowell BL, Regets MC, A Half-Century
the number of workers classified as engineers or technicians Snapshot of the STEM Workforce, 1950 to 2000, Commission on

changed relatively little. Professionals in Science and Technology (2006).

For decades, the workforce growth rates in S&E occupa-
tions have exceeded those in the general labor force (figure

Science and Engineering Indicators 2008
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0-37); consequently, the proportion of the workforce in S&E
occupations has risen by 60% since the early 1980s. None-
theless, S&E employees still represent a small fraction of the
total U.S. workforce: the Census Bureau’s Current Popula-
tion Survey estimates that jobs in S&E occupations increased
from 2.6% in 1983 to 4.2% in 2006 (figure O-38).
Individuals in S&E occupations are distributed through-
out the economy (figure O-39). Economic sectors with large
proportions of workers in S&E occupations tend to have
higher average salaries for both S&E workers and those in
other occupations (table O-8). The association between sec-

Figure O-37
Average annual growth rates of S&E occupations
versus all workers: 1960-2000

Percent

. S&E total . All workers
>18 years old

— Growth rate |
ratios

1960-70 1970-80 1980-90 1990-2000

SOURCE: National Science Foundation, Division of Science of
Science Resources Statistics, Decennial Census data, special
tabulations.
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Figure O-38
U.S. workforce in S&E occupations: 1983-2006

S&E employees (millions) (bars) Workforce (%) (line)
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SOURCE: National Science Foundation, Division of Science
Resources Statistics, special tabulations from Bureau of Labor
Statistics, Current Population Survey Monthly Outgoing Rotation files
(1983-2006).
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tors with relatively large amounts of S&T-related work and
sectors that enable many workers to enjoy middle-class in-
comes has fueled government efforts to encourage develop-
ment of industries in which S&E work is important.

Successive cohorts entering the U.S. workforce have
higher proportions in S&E occupations.

As productive uses of knowledge become more central
to economic activity, larger percentages of young workers
find jobs in S&E occupations. Census data show how this
movement toward a more knowledge-intensive economy is
reflected in the changing profile of the workforce (Figure
0-40). Since 1950, workers in S&E occupations have been
found disproportionately in the younger cohorts of the prime
working-age population (ages 25—64). Among workers 25—
34 years old, the proportion of S&E workers increased from
1.7% in 1950 to 5.2% in 2000. Similar increases occurred in
the other prime working-age groups, with the proportion of
workers in S&E occupations approximately tripling in each
group between 1950 and 2000 (figure O-40).

Over a lifetime, workers move both into and out of S&E
jobs. Those moving into S&E jobs may have acquired the
necessary skills through workforce experience or adult ed-
ucation to respond to the growing demand for S&E work-
ers; those moving out of these jobs may acquire managerial
roles, change occupations, or fail to maintain or acquire
S&E-related skills that are in demand. For each generation
of workers, the numbers in S&E occupations increase until
some time in midlife and then decrease as workers near or
reach retirement. In the generations born before or during
World War II, the proportion of workers who were in S&E
occupations at different ages did not follow a consistent pat-
tern. For example, for those born between 1936 and 1945,

Figure O-39
Largest sectors of employment for individuals in
S&E occupations, by NAICS sector: May 2005

Other 11%
Manager_nent of Professional,
companies and scientific, and
enterprises 4% technical

Wholesale services 28%

trade 4%

Finance and
insurance 5%

Information
9%
Manufacturing

Government 11% 17%

Educational services 11%

NAICS = North American Industry Classification System

SOURCE: Bureau of Labor Statistics, Occupational Employment
Statistics Survey (2005).
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Table O-8
Employment distribution and average earnings of 4-digit NAICS industry classifications, by proportion of
employment in S&E occupations: 2005
Average worker salary ($)
All S&E Non-S&E S&E
Workers in S&E occupations (%) occupations occupations occupations occupations
D PSR 1,987,910 918,400 66,980 74,335
P2 0T S 3,384,810 952,320 51,350 75,195
L0 2 O S 9,951,540 1,444,490 51,588 69,819
e O S 13,728,020 880,540 44,260 64,578
KA et a ettt ene e teeneeneene 99,480,140 988,950 33,489 59,713

NAICS = North American Industry Classification System

NOTE: NAICS is a hierarchical structure that uses 2-4 digits; 4-digit NAICS industries are subsets of 3-digit industries, which are subsets of 2-digit sectors.
SOURCE: Bureau of Labor Statistics, Occupational Employment Statistics Survey (May 2004 and May 2005).

Figure O-40
Workers in S&E occupations, by age group:
1950-2000

Percent

6
| 1950 I 1960 [[]1970 [ 1980 M 1990 [ ]2000

25-34 years

35-44 years  45-54 years
Age group

55-64 years

SOURCE: Census Bureau, decennial census, various years.
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the proportion was almost constant for four decades, a pat-
tern shown by no other generation.

With accelerating movement toward a knowledge-intensive
economy, however, younger generations appear to experience
a net movement into S&E occupations over the course of their
working lives. Beginning with the “baby boom” generation
of workers born after World War II (1946-55), the propor-
tion in S&E occupations increased substantially with time.
Thus, 2.8% of baby boomers were in S&E occupations in
1980, rising to 3.8% in 2000; for workers born in the next
decade, the proportion increased from 3.5% in 1990 to 4.6%
in 2000 (figure O-41). Immigrant S&E workers partly ac-
count for the increasing proportion of S&E workers over
time in this cohort, but the number increases among the
native-born as well.
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Figure O-41
S&E workers by cohort and age group
Percent
6
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NOTES: Cohort is group of workers who were 25-34 years old in
same decennial census year. 1950 cohort, for example, was 25-34
years old at 1950 census. Each group of bars presents data for a
different cohort, using data from successive decennial censuses to
show proportion of cohort in S&E workforce at different ages.

SOURCE: Census Bureau, decennial census, various years.
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A knowledge-intensive economy requires skills of S&E-
trained persons in a wide range of sectors and positions.
The relevance of S&E knowledge goes beyond narrowly
defined S&E occupations. Although most people with S&E
degrees do not work in S&E occupations, a large majority
of degree holders say that they need at least a bachelor’s
degree-level knowledge of S&E in their jobs (figure O-42).
Most S&E degree holders work in for-profit companies.
In 2003, about three of five individuals whose highest de-
gree was in S&E worked in this sector. Education (16%)
and government (13%) were the next largest employers of
workers with S&E degrees. Among those with S&E doctoral
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degrees, the higher education sector is the largest employer
(44%), but the for-profit sector share is also large (33%)
(figure O-43). These data suggest that many for-profit com-
panies find S&T-related skills, including the advanced skills
associated with doctoral education, useful for competing in
the private economy.

Almost 40% of R&D workers are found in non-S&E
occupations.

Workers with S&E degrees for whom R&D is a significant
work activity have backgrounds in a variety of S&E fields,
suggesting that R&D skills relevant to a knowledge-intensive
economy can develop through multiple paths. Substantially
more of these R&D workers are trained in engineering than
in any other field. A sizeable proportion of S&E-trained
workers for whom R&D is a major work activity are not in
S&E occupations (39%), and many of them (26%) are not in
S&E-related occupations. For workers who devote at least
10% of their work time to R&D, the comparable proportions
(55% and 40%) are even higher (figure O-44).

Higher Education

As knowledge becomes more central to economic ac-
tivity in both developed and developing economies, large
segments of the population complete some form of higher
education. Government programs designed to advance the
development of a knowledge-intensive economy bolster
private incentives to obtain knowledge and skills that may
lead to better, higher-paying jobs. Lifelong learning, includ-
ing acquisition of additional formal education, becomes both
more possible and more necessary even for people with sig-
nificant workforce experience.

Figure O-42

Bachelor’s degree-level S&E knowledge needed
by individuals in workforce with highest degree
in S&E: 2003

Neither 35%

NS&E
47%

Both NS&E and
social sciences 5%

Social sciences 13%

NS&E = natural sciences and engineering

SOURCE: National Science Foundation, Division of Science
Resources Statistics, Scientists and Engineers Statistical Data
System (SESTAT), 2003, http://sestat.nsf.gov.
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Educational credentials are only an approximate indica-
tor of useful labor force skills. They do not register quality
differences, skills acquired through job experiences or infor-
mal learning, or skills decay brought on by the progress of
knowledge and economic change. In addition, workers may
take advantage of publicly supported educational opportuni-
ties to gain labor market advantages, but may not use the
additional skills at work, while employers may hire readily
available workers without using their most advanced skills.

Human capital development responds to incentives of
the knowledge-intensive economy.

In international comparison, the United States has a larger
proportion of the working-age population with a higher edu-
cation degree (39%) than most other countries (figure O-45).
Only the Russian Federation (55%), Israel (45%), and Cana-
da (45%) have higher percentages for this indicator.

Figure O-43
Employment sector for individuals with highest
degree in S&E and S&E doctorate holders: 2003
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Other
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SOURCE: National Science Foundation, Division of Science

Resources Statistics, Scientists and Engineers Statistical Data
System (SESTAT), 2003, http://sestat.nsf.gov.
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Figure O-44

Distribution of S&E degree holders with R&D as
major or significant work activity, by field of
highest degree and occupation: 2003
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System (SESTAT), 2003, http://sestat.nsf.gov.
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Figure O-45
Total tertiary degree attainment by 25-64-year-olds,
by country: 2004
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OECD = Organisation for Economic Co-operation and Development

NOTES: Tertiary education includes International Standard
Classification of Education (ISCED) levels 5A, 5B, and 6 programs.
ISCED 5A programs largely theory-based and designed to provide
sufficient qualifications for entry into advanced research programs
and professions with high skill requirements. ISCED 5B programs
focus on practical, technical, or occupational skills for direct entry into
labor market. ISCED 6 programs devoted to advanced studies and
original research leading to award of an advanced research
qualification. In United States, ISCED 5B corresponds to associate’s,
ISCED 5A corresponds to bachelor’s and master’s, and ISCED 6
corresponds to doctoral degrees.

SOURCE: OECD, Education at a Glance: OECD Indicators 2006.
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More recent age cohorts obtain higher postsecondary de-
gree rates than earlier ones.

In almost all countries, higher education is more common
in the younger cohorts entering the workforce than in older
cohorts, mirroring the trend toward knowledge-intensive
economies. For OECD member countries, the average dif-
ference between the youngest cohort with generally com-
pleted formal schooling and the working-age population
as a whole is about 6 percentage points; in several nations
the difference is more than 10 percentage points. Differ-
ences are especially large for South Korea and Japan, the
two Asian OECD members, but some European countries
(France, Ireland, Spain, and Belgium) also recorded substan-
tial differences.

The United States and Germany are exceptions to the
overall OECD pattern: in these two countries there is no
substantial difference between the 25-34-year-olds and the
working-age population as a whole. These age patterns in
educational attainment suggest that, in the future, other de-
veloped countries will more closely resemble the United
States in the availability of workers with postsecondary cre-
dentials (figure O-46).

Substantial advanced training prepares the U.S. work-
force for high-skill work.

The proportion of 25-64-year-olds with advanced® edu-
cation, as evidenced by a bachelor’s degree or beyond, is an
indicator of the workforce that is equipped to develop and
apply knowledge in innovative ways. In the United States,
a substantially higher proportion than in other large, devel-
oped economies has completed such a course of study, al-
though a few smaller countries have proportions that match
or nearly match the U.S. percentage (figure O-47). Such ad-
ditional training can prepare students for high-skill work and
more advanced training in research.

Throughout the developed world, the proportion of the
population in the youngest working cohort with education at
or beyond the bachelor’s level is higher than for the working-
age population as a whole. Again, however, this difference is
smaller in the United States and Germany than in any of the
other countries for which data are available. As younger co-
horts of workers enter the labor forces in the future, the U.S.
lead on this indicator can be expected to shrink. Nonetheless,
the United States ranks behind only a few small countries—
Norway, Israel, the Netherlands, and South Korea—in the
proportion of the cohort that is entering the labor force that
receives this kind of education (figure O-48).

Advanced training in natural sciences and engineering is
becoming widespread, eroding the U.S. advantage.

The number of first university degrees a nation awards
in natural sciences and engineering (NS&E) is a workforce
indicator that is more specifically focused on a nation’s ca-
pacity to innovate in S&T. Because of its population size,
the United States has seen much larger numerical increases
in first university NS&E degrees than other countries. China
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Figure O-46

Difference in total tertiary degree attainment
between 25-34-year-olds and 25-64-year-olds,
by country: 2004
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NOTES: Tertiary education includes International Standard
Classification of Education (ISCED) levels 5A, 5B, and 6 programs.
ISCED 5A programs largely theory-based and designed to provide
sufficient qualifications for entry into advanced research programs
and professions with high skill requirements. ISCED 5B programs
focus on practical, technical, or occupational skills for direct entry into
labor market. ISCED 6 programs devoted to advanced studies and
original research leading to award of an advanced research
qualification. In United States, ISCED 5B corresponds to associate's,
ISCED 5A corresponds to bachelor’s and master’s, and ISCED 6
corresponds to doctoral degrees.

SOURCE: OECD, Education at a Glance: OECD Indicators 2006.
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Figure O-47

Attainment of tertiary-type A and advanced
research degrees by 25-64-year-olds,

by country: 2004
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NOTES: Tertiary-type A programs (International Standard
Classification of Education [ISCED] 5A) largely theory-based and
designed to provide sufficient qualifications for entry to advanced
research programs and professions with high skill requirements such
as medicine, dentistry, or architecture and have a minimum duration
of 3 years’ full-time equivalent, although typically last 4 years. In
United States, correspond to bachelor’s and master’s degrees.
Advanced research programs are tertiary programs leading directly to
award of an advanced research qualification, e.g., doctorate.

SOURCE: Organisation for Economic Co-operation and
Development (OECD), Education at a Glance: OECD Indicators 2006
(2006).
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Figure O-48

Attainment of tertiary-type A and advanced
research degrees by 25-34-year-olds,

by country: 2004
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NOTES: Tertiary-type A programs (International Standard
Classification of Education [ISCED] 5A) largely theory-based and
designed to provide sufficient qualifications for entry to advanced
research programs and professions with high skill requirements such
as medicine, dentistry, or architecture and have a minimum duration
of 3 years’ full-time equivalent, although typically last 4 years. In
United States, correspond to bachelor’s and master’s degrees.
Advanced research programs are tertiary programs leading directly to
award of an advanced research qualification, e.g., doctorate.

SOURCE: Organisation for Economic Co-operation and
Development (OECD), Education at a Glance: OECD Indicators 2006
(2006).
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Figure O-49
First university natural sciences and engineering
degrees, by selected country: 1985-2005
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NOTES: Natural sciences include physical, biological, earth,
atmospheric, ocean, agricultural, and computer sciences and
mathematics. German degrees include only long university degrees
required for further study.

SOURCES: China—National Bureau of Statistics of China, China
Statistical Yearbook, annual series (Beijing) various years;
Japan—Government of Japan, Ministry of Education, Culture,
Sports, Science and Technology, Higher Education Bureau,
Monbusho Survey of Education; South Korea—Organisation for
Economic Co-operation and Development, Education Online
Database, http://www.oecd.org/education/database; United
Kingdom—Higher Education Statistics Agency; Germany —Federal
Statistical Office, Priifungen an Hochschulen; and United States—
National Science Foundation, Division of Science Resources
Statistics, WebCASPAR database, http://webcaspar.nsf.gov. See
appendix table 2-38.
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is an exception. It has experienced a huge recent increase in
NS&E degree recipients, although there are questions about
the quality of some of its graduates. The rising number of
Chinese-trained engineers is similarly striking, especially in
contrast with declining numbers of U.S. engineering gradu-
ates (Figure O-49).

Many countries have also increased the numbers of indi-
viduals they train in NS&E at the doctoral level over the past
20 years (Figure O-50). Most of the U.S. growth occurred
during the first half of this period, when the number of doc-
torates awarded by U.S. institutions increased steadily; al-
though the number peaked in 2005, this was the first year
in which it exceeded the 1997 total. However, virtually all
of the recent U.S. growth reflected rising proportions of de-
grees to non-U.S. citizens: more than half in engineering and
computer science and nearly 45% in the physical sciences.
In contrast, China’s growth was most marked after 1993 and
its growth rates after 2000 were especially high. Over the
course of the entire period, China surpassed numerous other

Figure O-50
Natural sciences and engineering doctoral degrees,
by selected country: 1985-2005
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NOTE: Natural sciences and engineering include physical, biological,
earth, atmospheric, ocean, agricultural, and computer sciences;
mathematics; and engineering.

SOURCES: China—National Research Center for Science and
Technology for Development; United States—National Science
Foundation, Division of Science Resources Statistics, Survey of
Earned Doctorates; Japan—Government of Japan, Ministry of
Education, Culture, Sports, Science and Technology, Higher
Education Bureau, Monbusho Survey of Education; South
Korea—Organisation for Economic Co-operation and Development,
Education Online database, http://www.oecd.org/education/
database/; United Kingdom—Higher Education Statistics Agency;
and Germany —Federal Statistical Office, Prifungen an Hochschulen.
See appendix tables 2-42 and 2-43.
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Figure O-51

S&E doctoral degrees earned by foreign students,
by selected industrialized country and field: 2005
or most recent year
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NOTES: Physical sciences include earth, atmospheric, and ocean
sciences. Japanese data for university-based doctorates only;
exclude ronbun hakase doctorates awarded for research within
industry. Japanese data include mathematics in natural sciences
and computer sciences in engineering. For each country, data are
for doctoral recipients with foreign citizenship, including permanent
and temporary residents.

SOURCES: Germany—Federal Statistical Office, Prifungen an
Hochschulen 2005; Japan—Government of Japan, Ministry of
Education, Culture, Sports, Science and Technology, special
tabulations; United Kingdom—Higher Education Statistics Agency,
special tabulations (2007); United States—National Science
Foundation, Division of Science Resources Statistics, Survey of
Earned Doctorates, WebCASPAR database, http://webcaspar.
nsf.gov. See appendix table 2-49.
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countries in doctorate production, and the U.S.-China differ-
ence is narrowing.

High-skilled knowledge workers are increasingly inter-
nationally mobile, and many come to the United States
for training or work.

Knowledge workers are increasingly mobile across na-
tional boundaries, especially at the doctoral level. As is the
case in the United States, in highly developed countries

Overview

Figure O-52

Foreign-born individuals in U.S. S&E workforce, by
degree level: 1990, 2000, and 2005
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SOURCES: Census Bureau, decennial census, various years; and
American Community Survey (2005).
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many S&E doctoral degrees are awarded to foreign students,
often from the developing world (Figure O-51). Experienced
in adapting to life in a different culture and equipped with
flexible skills, these workers are well positioned to compete
in a global market for knowledge workers.

In the United States, increasing proportions of S&E
workers are foreign born and/or foreign educated, a fact that
has been interpreted from a variety of perspectives. Some
observers stress strengths of the U.S. economy that pull in
foreign workers, including the attractiveness of living in the
United States and the favorable opportunities for high in-
comes and career advancement in the S&E workforce. Other
observers express concern about the inability of U.S. society
to prepare and interest young Americans in the S&E jobs
that the economy makes available (see section on U.S. K—12
education).

According to census data, the number of foreign-born
workers in the U.S. S&E workforce more than quadrupled
between 1980 and 2000, with most of the increase taking
place in the 1990s. As a result, the percentage of foreign-
born workers in the U.S. S&E workforce increased from
nearly 10% in 1980 to 12% in 1990 and 18% in 2000.

Increases occurred among S&E workers at all educational
levels but were especially pronounced among the more high-
ly educated (figure O-52). Thus, the proportion of foreign-
born doctorate-level workers rose from 24% in 1990 to 38%
in 2000, and the corresponding figures for master’s-level
workers were 19% and 29%. Census data for 2005 shown
in figure O-52, although not fully comparable to the earlier
data, suggest that the percentage of foreign-born workers is
continuing to increase. In addition, a growing proportion of
S&E doctoral faculty, who are not included in the census
data counts, are also foreign born. Their proportion increased
from 21% in 1992 to 28% in 2003.
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Figure O-53

Student, exchange, and other high-skill-related
U.S. temporary visas issued: 1998-2006
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visas = L-1, H-1B, H-3, O-1, O-2, and TN.

SOURCE: Immigrant Visa Control and Reporting Division
administrative data, special tabulations.
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High-skill-related visa issuances have increased to, or be-
yond, their pre-9/11 record.

The 2001 terrorist attacks, subsequent government re-
sponses, and reactions abroad combined to depress previ-
ously rising visa issuances for foreign students, exchange
visitors, and other high-skill-related visa categories (figure
0-53). Student visas in particular dropped by 25% in the im-
mediately succeeding years, a decline that prompted concern
about the long-term impact on the United States’ ability to
attract the best foreign talent.

¢ 0O-33

The latest data show an upswing in high-skill-related
visas issued, starting in 2004 and carrying into 2006, with
record numbers of temporary high-skill-related visas issued.
The number of student and exchange-visitor visas issued in
2006 was higher than ever before, and the sum of the other
high-skill-related visa categories was near the 2001 high,
suggesting a continuing attractiveness of the United States
to those with advanced education.

U.S. K-12 Education

Concern about the relationship of science and mathemat-
ics achievement to American global competitiveness, work-
force preparation, and development of an educated citizenry
has drawn intensive public scrutiny to the achievement lev-
els of American students in mathematics and science in re-
cent years.

Mathematics and science performance of U.S. students:
both disappointing and encouraging.

The current performance of U.S. elementary and sec-
ondary students in mathematics and science is both disap-
pointing and encouraging. A national study that followed
the same student cohort found that students from different
demographic groups entered kindergarten with varied math-
ematics knowledge and skills, that all groups made gains
during elementary school, and that gains were uneven. Thus
most mathematics achievement gaps remained or had grown
by the time students reached grade 5 (table O-9 and appen-
dix table 1-2). A second national cohort study that assessed
mathematics knowledge in both grades 10 and 12 mirrored
the findings of the previous study.

Repeated cross-sectional studies of mathematics and sci-
ence performance provide information about trends in the
performance of different student cohorts. In 2005, students

Table O-9
Average mathematics scores of students from beginning kindergarten to grade 5, by race/ethnicity: 1998, 2000,
2002, and 2004
Gain from
Fall 1998 Spring 2000 Spring 2002  Spring 2004  kindergarten
Race/ethnicity kindergarten grade 1 grade 3 grade 5 to grade 5
22 39 91 112 89
25 43 97 118 93
19 33 79 99 80
19 36 85 108 89
25 39 94 118 93
20 38 86 107 86

aIncludes non-Hispanic Native Hawaiians, Pacific Islanders, American Indians, Alaska Natives, and children of more than one race.

NOTES: Early Childhood Longitudinal Survey (ECLS) mathematics scale ranged from 0 to 153. In 2004 followup for ECLS kindergarten class of fall 1998,
86% of cohort was in grade 5, 14% was in a lower grade, and <1% was in a higher grade. For simplicity, students in ECLS followups referred to by modal
and expected grade, i.e., first graders in spring 2000 assessment, third graders in spring 2002 assessment, and fifth graders in spring 2004 assessment.

SOURCES: National Center for Education Statistics, ECLS, fall 1998 and spring 2000, 2002, and 2004; and National Science Foundation, Division of

Science Resources Statistics, special tabulations.
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Figure O-54
Average mathematics score of students in grades
4 and 8: Selected years, 1990-2005
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NOTE: Scores on 0-500 scale across grades 4 and 8. 2005 grade 12
mathematics assessment not comparable with previous assessments;
therefore mathematics trend information for grade 12 not available.
SOURCES: National Center for Education Statistics (NCES), The
Nation’s Report Card: Mathematics 2005, NCES 2006-453 (2006);
and National Assessment of Educational Progress, 1990, 1996,
20083, and 2005 mathematics assessments. See appendix table 1-5.
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Table O-10

Overview

in grades 4 and 8 posted higher mathematics scores than
students in those same grades in 1990 (figure O-54). This
trend was evident for both males and females, across racial/
ethnic and income groups, and for students in different per-
formance ranges (table O-10). In science, average scores
increased for fourth grade students, largely reflecting im-
provements among lower- and middle-performing students;
held steady for eighth graders; but declined for 12th grad-
ers between 1996 (the first year the assessments were given)
and 2005 (table O-11). The latest (2007) assessment results
for mathematics and science show continuing improvement
for students in grades 4 and 8.

International assessments offer a mixed picture.

In the 2003 Trends in International Math and Science
Study (TIMSS), which sought to measure mastery of curric-
ulum-based knowledge and skills, U.S. students in the lower
and middle grades performed above the international aver-
age of the mixture of developed and developing countries in
which the test was administered (figure O-55). Performance
scores for U.S. eighth graders in mathematics and science
were improved over those in the 1995 TIMSS, but scores for
fourth graders showed no change.

However, U.S. 15-year-olds scored below the internation-
al average in both mathematics and science on the 2003 Pro-
gramme for International Student Assessment (PISA) tests,
which were intended to measure students’ ability to apply

Changes in mathematics performance of students in grades 4 and 8, by student characteristics and other

factors: 1990-2005 and 2003-05

Student characteristic

Grade 4 Grade 8
1990-2005 2003-05 1990-2005 2003-05

Average score

] £ | SN

Race/ethnicity

White, NON-HiSPanNiC .........ccccocuiiiiiiiieiiieeiieeeeeeeee e

Black, non-Hispanic

Hispanic

Asian/Pacific Islander?

American Indian/Alaska Native®
Percentile scores®

A A A A
A A A
A A A A
A A A A
A A A A
A A A A
NA A NA A
NA A NA °
A A A A
A A A A
A A A A
A A A A
A A A A

A = increase; ® = no change; V¥ = decrease (based on t-tests using unrounded numbers); NA = not available

alnsufficient sample size in 1990 for Asian/Pacific Islanders precluded calculation of reliable estimates.
bInsufficient sample size in 1990 for American Indians/Alaska Natives precluded calculation of reliable estimates.
°Percentage of students whose scores fell below a particular score, e.g., 75% of students had scores <75th percentile.

SOURCES: National Center for Education Statistics (NCES), The Nation’s Report Card: Mathematics 2005, NCES 2006-453 (2006); National Assessment
of Educational Progress, 1990, 1996, 2003, and 2005 mathematics assessments; and National Science Foundation, Division of Science Resources

Statistics, special tabulations. See appendix table 1-5.
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Table O-11
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Changes in science performance of students in grades 4, 8, and 12, by student characteristics and other

factors: 1996-2005 and 2000-05

Student characteristic

Grade 4 Grade 8 Grade 12

1996-2005 2000-05 1996-2005 2000-05 1996-2005 2000-05

Average score

L] = | PP

Female..
Race/ethnicity

White, NON-HiSPanic ..........ccoeciiiieiiiiiiiiieeieciee e

Black, non-Hispanic
Hispanic...
Asian/Pacific Islander?

American Indian/Alaska Native............cccccvvveeeeececiiieeeeeeeene

Percentile scores

A A ° ° v °

. . v .
. A . . v .
A A . . ° .
A A A ° ° °
A A ° ° ° °
A NA . . . .
. . v v ° .
A A o ° v °
A A ° ° v °
A A . . ° .
. . . . v .
. . . . v .

A = increase; ® = no change; ¥ = decrease (based on t-tests using unrounded numbers); NA = not available

aNational Center for Education Statistics (NCES) did not publish 2000 science scores for grade 4 Asians/Pacific Islanders because of accuracy and

precision concerns.

Percentage of students whose scores fell below a particular score, e.g., 75% of students had scores <75th percentile.

SOURCES: NCES, The Nation’s Report Card: Mathematics 2005, NCES 2006-453 (2006); National Assessment of Educational Progress, 1996, 2000, and
2005 science assessments; and National Science Foundation, Division of Science Resources Statistics, special tabulations. See appendix table 1-7.

Figure O-55
U.S. and international math and science scores for
grades 4 and 8 and 15-year-old students: 2003
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NOTES: For 15-year-old students, international average from
Organisation for Economic Co-operaton and Development average.
For fourth and eighth graders, results from Trends in International
Mathematics and Science Study. For 15-year-olds, results from
Programme for International Student Assessment.

SOURCE: National Science Board, Science and Engineering
Indicators 2006, appendix tables 1-9 through 1-14.
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scientific and mathematical concepts and skills to problems
they might encounter outside the classroom (figure O-55).
The PISA averages are based on scores from 30 industrial-
ized OECD member countries.

Conclusion

The world of S&T is undergoing rapid changes along
trends that emerged in the late 1990s. Increased government
recognition of the importance of knowledge-intensive seg-
ments of their economies often led to the implementation
of strategic policies to promote their development, and the
expansion of education and advanced training in support of
this goal. MNCs, seeking new markets and a broad range
of operating efficiencies and responding to opportunities
abroad, increasingly took advantage of and drove these de-
velopments, resulting in a shift in the epicenter of world
S&T activities, led by China’s emergence, toward several
rapidly growing Asian economies.

These pronounced shifts have occurred over a relatively
short time and have had a differential impact on mature,
developed countries. In Asia, China’s rapid rise economi-
cally and across the S&T spectrum has made it the world’s
second-largest economy, and certain other smaller Asian
economies are increasingly prominent on the world stage.
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By comparison Japan appears stagnant and, in fact, has lost
world market share in a number of S&T areas. The EU’s
world position has also degraded, including in areas linked to
high-technology trade. The United States is broadly holding
its own, thanks, in part, to its large, mature, and diversified
S&T system. But it, too, faces robust challenges affecting
its education, workforce, R&D, and S&T systems that arise
from the far-reaching and rapid worldwide changes.

Afterword: Data Gaps and Needs

Science and Engineering Indicators leaves many ques-
tions about the state of the S&E enterprise unanswered.
Nationally representative or internationally comparable in-
formation is lacking about significant factual aspects of the
S&T community in the United States and abroad. Following
are some examples.

Chapter 1. Elementary and Secondary Education

4 Informal learning experiences in K—12 education, in-
cluding advanced courses taken in local colleges or
via distance learning; participation in research, science
or technology competitions, or internships; advanced
coursetaking in engineering; and involvement in informal
S&E learning through museums, science centers, zoos,
planetariums, aquariums, and similar community-based
institutions

# Teacher preparation and quality, including elementary
teacher qualifications in science, technology, engineer-
ing, and mathematics (STEM) disciplines and STEM
teacher test scores on subject matter knowledge

¢ STEM teacher career paths, including better data on
teacher mobility across different kinds of schools and
districts, reentry into teaching, and teachers on temporary
visas or other noncitizen teachers

4 Teacher involvement in informal learning

Chapter 2. Higher Education in Science and

Engineering

4 Emergence of multidisciplinary degree programs, new
fields, and new institutional forms

4 Student involvement in research experiences or in coop-
erative learning programs

4 Undergraduate involvement in R&D work

4 Quality indicators for postsecondary STEM teaching

Chapters 1 and 2
4 Internationally comparable indicators of curriculum con-
tent or rigor

4 Indicators of achievement or interest in STEM for gifted
students at all education levels

Overview

Chapter 3. Science and Engineering Labor Force

4 Internationally comparable data on S&T workforce char-
acteristics

¢ Worldwide data, including industry breakdowns, on in-
ternational flows of workers with S&T training, in S&T-
related occupations, and/or performing R&D

¢ S&T-related skills used in the workforce and non-S&T
skills that S&E workers use in their jobs

4 Data on the role of postdoctorates in the nonacademic
S&E workforce

¢ Employer-provided training and other forms of lifelong
learning for S&E workers

¢ S&E workforce location relative to employer location

Chapters 4. Research and Development:
National Trends and International Linkages,
and 6. Industry, Technology, and the Global
Marketplace

¢ R&D by line of business (For companies with more than one
line of business, current industry R&D data attribute R&D
to the company as a whole and not necessarily to the part of
the company for which the work is done.)

4 R&D in relation to firm or line-of-business characteristics,
including profitability, productivity, growth, etc.

¢ R&D performance data on very small companies (fewer
than five employees), state and local governments, nonprofit
organizations, and individuals performing R&D indepen-
dent of a corporation, university, or other organization

¢ Non-S&E R&D outside academic institutions (Other
countries collect these data and include them in their na-
tional statistics.)

¢ R&D in international commerce, including R&D performed
in the United States that is financed from foreign sources,
characteristics (e.g., basic, applied, or development work;
location) of R&D expenditures by U.S. affiliates of foreign
multinational corporations, characteristics of R&D expendi-
tures by foreign affiliates of U.S. multinational corporations,
and trade in knowledge-intensive service industries

4 Innovation indicators, including technology licensing;
numbers, characteristics, R&D activities, and other op-
erations data for business technology alliances; and tech-
nology parks, clusters, and incubators

¢ Outsourcing and offshoring of S&E jobs

Chapter 5. Academic Research and
Development

¢ R&D funded from institutional or departmental resources
and not separately budgeted, including use of funds for infra-
structure, equipment, student support, and other purposes,
and ultimate source of institutional or departmental funds
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4 R&D expenditures by U.S. corporations at foreign universi-
ties and by foreign corporations at U.S. universities

4 Individuals who author S&E articles (Current data attri-
bute articles to institutions or departments and do not in-
clude information about the characteristics of individual
authors [e.g., employer, employment sector, disciplinary
background, national origins, collaborative patterns, ca-
reer stage, main work activities])

4 Indicators of multidisciplinary S&E research

€ Accessibility, use, and other characteristics of large, cu-
rated academic databases

Chapters 4 and 5

4 Indicators of the spread, development, and use of R&D-
related cyberinfrastructure

¢ Worldwide centers of R&D excellence by discipline and
industry

These gaps are descriptive and could be addressed with
new data. However, in many cases, gaps are as much analysis
gaps as they are data gaps. To understand the global flow of
S&E workers, for example, will require not only better, more
internationally comparable data about credentials, skills, and
migration patterns, but will also require developing models
and testing hypotheses based on data that already exist (Regets
2007). Similarly, understanding the determinants of technologi-
cal innovation involves building theories of innovation, testing
them against existing data, and identifying and collecting new
data that would be necessary to elaborate and test promising
theoretical models (Nelson 1993). Accordingly, as part of a
recent White House Office of Science and Technology Policy
initiative, the National Science Foundation (NSF) has begun a
program to support fundamental research aimed at developing a
Science of Science and Innovation Policy. The initial emphases
of the program are on analytic tools and model building.

Many other questions relevant to science policy involve
a similar interplay among theory, analysis, and data. In ad-
dition, compelling answers to the “why”” and “what if” ques-
tions that policymakers often ask can remain uncertain even
when data bearing on these questions are available.

The federal government and its statistical agencies con-
tinuously engage in efforts to address significant data gaps
or enhance the quality of the data generated from ongoing
collections. Current examples include:

4 Redesign of NSF’s Survey of Industrial Research and Devel-
opment to collect data on the line of business to which R&D
is attributable in diversified firms, foreign R&D activities
of companies that do R&D in the United States, technology
licensing activities, and demographic and educational char-
acteristics of the U.S. R&D workforce.

4 A project of NSF’s Division of Science Resources Statis-
tics (SRS) to count nonacademic postdoctorates and col-
lect data on the work roles and demographic, career, and
educational characteristics of postdoctorates.
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4 Collaboration between the Department of Homeland Se-
curity and SRS to examine whether immigration records
can be made available for use as a basis for collecting
more timely and complete data on foreign-educated sci-
entists and engineers.

4 A Department of Commerce advisory committee effort to
identify “holes” in the national data collection system that
limit the nation’s ability to measure innovation.

Collecting high-quality data can be exceedingly expensive,
and governments cannot afford to collect all the data they could
use productively. Beyond cost, however, there are numerous
other persistent obstacles to remedying data gaps:

4 Many concepts in the list of data gaps are difficult to
measure. Informal learning experiences, teaching qual-
ity, S&E-related workplace training, multidisciplinary
research, and innovation are less readily classified and
quantified than many of the S&E indicators reported in
this volume.

4 For difficult-to-measure concepts, a succession of small-
scale studies is usually necessary to refine measures and
test them in a variety of situations before national or in-
ternational data collection is possible. This kind of devel-
opment work takes time.

4 For S&T data to be meaningful, organizations and indi-
viduals must be willing and able to supply reasonably ac-
curate information. In some cases, the burden on survey
respondents of supplying such information makes it im-
possible to secure the necessary cooperation and collect
good data.

¢ As S&T becomes increasingly globalized, internation-
ally comparable data become increasingly important for
mapping personnel and resource flows. Successful efforts
under the auspices of the Organisation for Economic Co-
operation and Development to coordinate the collection
of R&D data across numerous national statistical systems
indicate that coordination is feasible, but also that it is
difficult and resource intensive.

4 Data are most valuable when they extend back in time
as well as outward across national boundaries. New data
will not be able to address many questions until several
data collection cycles have been completed.

4 Legal and technical obstacles limit opportunities for
merging data from different sources and making merged
data widely available for analysis. Obstacles associated
with merging datasets from different countries are espe-
cially daunting.

Notes

1. Data drawn from Conference Board and Groningen
Growth and Development Centre, Total Economy Database
(January 2007), http://www.ggdc.net, are measured in con-
stant 1990 purchasing power parities (PPPs) converted into
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U.S. dollars. World Bank data are based on different conver-
sion factors but show congruent trends.

2. No internationally comparable data on in-country in-
equality are available.

3. The growth rate of real per capita GDP is measured in
constant 1990 PPPs.

4. The estimated total is extended backwards to 1985.

5. Data in the overview are more current than those avail-
able in chapter 4.

6. Distinctions between basic and applied research often
involve a greater element of subjective assessment than oth-
er R&D indicators, and about 40% of the OECD countries
do not report these data at the national level. Nonetheless,
where these data exist, they help differentiate national inno-
vation systems in terms of how their R&D resources contrib-
ute to advancing scientific knowledge and developing new
technologies.

7. Time-series data are available for China, Taiwan, Sin-
gapore, Romania, and Slovenia.

8. “Advanced” degrees are defined as International Stan-
dard Classification of Education Degrees, tertiary-type A
and advanced research programs only.

Glossary

Affiliate: A company or business enterprise located in one
country but owned or controlled (in terms of 10% or more
of voting securities or equivalent) by a parent company
in another country; may be either incorporated or unin-
corporated.

Applied research: The objective of applied research is
to gain knowledge or understanding to meet a specific,
recognized need. In industry, applied research includes
investigations to discover new scientific knowledge that
has specific commercial objectives with respect to prod-
ucts, processes, or services.

Asia-10: Includes China, India, Indonesia, Japan, Malaysia, Phil-
ippines, Singapore, South Korea, Taiwan, and Thailand.

Basic research: The objective of basic research is to gain
more comprehensive knowledge or understanding of the
subject under study without specific applications in mind.
Although basic research may not have specific applica-
tions as its goal, it can be directed in fields of present or
potential interest. This is often the case with basic research
performed by industry or mission-driven federal agencies.

Development: Development is the systematic use of the
knowledge or understanding gained from research di-
rected toward the production of useful materials, devices,
systems, or methods, including the design and develop-
ment of prototypes and processes.

EU-25: Includes the EU-15 countries Austria, Belgium,
Denmark, Finland, France, Germany, Greece, Ireland, It-
aly, Luxembourg, Netherlands, Portugal, Spain, Sweden,
and the United Kingdom. In 2004 the EU expanded to 25
members with the addition of 10 more countries: Cyprus,
Czech Republic, Estonia, Hungary, Latvia, Lithuania,
Malta, Poland, Slovakia, and Slovenia.

Overview

EU-27: Bulgaria and Romania joined the EU-25 (see defini-
tion above) in January 2007, for a total of 27 EU member
countries.

Foreign affiliate: Company located overseas but owned by
a U.S. parent.

Foreign direct investment (FDI): Ownership or control of
10% or more of the voting securities (or equivalent) of a
business located outside the home country.

G-7: The group of seven industrialized nations: Canada,
France, Germany, Italy, Japan, the United Kingdom, and
the United States.

Gross domestic product (GDP): Market value of goods
and services produced within a country.

Intellectual property: Intangible property that is the re-
sult of creativity; the most common forms of intellectual
property include patents, copyrights, trademarks, and
trade secrets.

Knowledge-intensive economies: Economies with a large
number of industries that incorporate science, engineer-
ing, and technology into their products and services.

Multinational corporation (MNC): A parent company and
its foreign affiliates.

R&D: According to the Organisation for Economic Co-
operation and Development, R&D, also called research
and experimental development, comprises creative work
“undertaken on a systematic basis to increase the stock of
knowledge—including knowledge of man, culture, and
society—and the use of this stock of knowledge to devise
new applications” (OECD 2002, p. 30).

R&D intensity: Measure of R&D expenditures relative
to size, production, or other characteristic of a country
or R&D-performing sector. Examples include company-
funded R&D to net sales ratio, R&D to GDP ratio, and
R&D per employee.

U.S. affiliate: Company located in the United States but
owned by a foreign parent.
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Chapter 1. Elementary and Secondary Education

Highlights

Student Learning in Mathematics
and Science

All student groups made gains in mathematics and sci-
ence during elementary and high school, but perfor-
mance disparities were evident, and some gaps widened
as students progressed through school.

4 Studies that follow the same groups of students as they prog-
ress through school reveal performance disparities among
demographic subgroups starting when they enter kinder-
garten. Students from financially poorer families or whose
mother had less formal education entered kindergarten with
lower levels of mathematics skills and knowledge than their
more advantaged peers. Substantial racial/ethnic gaps in
mathematics performance were also observed. Although all
subgroups made gains in mathematics and science during
elementary school, the rates of growth varied and some of
the achievement gaps widened.

¢ Mathematics performance gaps among demographic sub-
groups were evident in 10th grade and some continued to
widen through 12th grade.

In 2005, U.S. fourth and eighth grade students outper-
formed those tested in the 1990s in mathematics, and
fourth grade students improved in science.

4 Increases in fourth and eighth grade mathematics scores
from 1990 to 2005 were widespread, occurring among
males and females, all racial/ethnic groups, students from
financially disadvantaged and advantaged families, and
students performing at all levels of achievement. Some
mathematics achievement gaps did decrease over the
same period.

¢ Widespread increases in mathematics from the 1990s to
2005 were not matched in science. Since 1996, the first
year the current national science assessment was given,
average science scores increased for 4th graders, held
steady for 8th graders, and declined for 12th graders.

Standards and Student Coursetaking

In 2006, slightly more than half the states required 3 or
more years of both mathematics and science courses for
high school graduation.

4 Students in more than 40 states were required to complete
at least 2 years of both mathematics and science in high
school; 3 years was the most common requirement for
both subjects, in effect in just over half the states. Very
few states required 4 years in either subject, and only one
state required 4 years in both.

State development of course content standards has pro-
gressed in recent years and standards continue to be re-
viewed and revised.

€ All states had issued content standards in mathematics
and science by 2006—07, and 35 states had schedules for
reviewing and revising those standards.

Trends from 1990 to 2005 show increases in advanced
coursetaking; growth was especially strong in mathematics.

4 Class of 2005 graduates completed mathematics courses
at far higher rates than their 1990 counterparts in all cat-
egories except trigonometry/algebra III. The proportion
of students completing courses in precalculus/analysis,
calculus, and Advanced Placement/International Bac-
calaureate (AP/IB) calculus at least doubled since 1990.
Nonetheless, completion of advanced mathematics cours-
es remained below 20% in 2005 except for precalculus/
analysis.

4 Student course completion rates have increased since
1990 in advanced biology, chemistry, and physics, al-
though they leveled off between 2000 and 2005.

¢ For AP/IB courses, coursetaking rates have not changed
significantly for chemistry or physics, but increased
slightly for biology and doubled for calculus and environ-
mental science. Despite this growth, just less than 10% of
graduates completed an AP/IB calculus course, the high-
est rate for any AP/IB course.

Course completion rates differed in the graduating class of
2005 by several demographic and school characteristics.

¢ Males and females completed advanced mathematics
courses at about equal rates, except for precalculus/analy-
sis, where females had a slight advantage. Females stud-
ied biology and chemistry at higher rates, whereas males
studied physics, engineering, and engineering/science
technologies at higher rates.

¢ Asian/Pacific Islanders were the most likely of all racial/
ethnic groups to earn credits in many mathematics and
science subjects, especially in AP/IB classes in calculus,
biology, chemistry, and physics.

Mathematics and Science Teacher Quality

Most mathematics and science teachers have the basic
teaching qualifications of a college degree and full state
certification.

4 Virtually all public school mathematics and science
teachers had at least a bachelor’s degree and half had an
advanced degree such as a master’s or doctorate.

¢ A large majority of mathematics and science teachers
(84% in 2003) held standard or advanced certification is-
sued by their state.
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¢ At least 75% of 2003 mathematics and science teach-
ers with less than 5 years of teaching experience partici-
pated in practice teaching before their first teaching job.
Although practice teaching contributes to new teachers’
confidence in their ability to perform their first jobs,
practice teaching declined from 1999 to 2003.

The majority of public high school mathematics and sci-
ence teachers had a college major or certification in their
subject field, that is, they were “in-field” teachers. In-
field teaching was less common in middle schools than in
high schools.

4 In 2003, 78%-92% of mathematics, biology, and physi-
cal science teachers in public high schools were teaching
in field. Out-of-field teachers (that is, teachers teaching
their subject with neither a major nor certification in the
subject matter field, a related field, or general education)
ranged from 2% of physical science teachers to 8% of
mathematics teachers.

4 The proportion of in-field mathematics and science teach-
ers in middle schools was lower (33%—-55%) than in high
schools (78%-92%). About 3%—-10% were teaching out
of field.

Teachers in schools with low concentrations of minority
and low-income students tended to have more education,
better preparation and qualifications, and more experi-
ence than teachers in schools with high concentrations of
such students.

¢ Mathematics and science teachers in low-minority and
low-poverty schools were more likely than their colleagues
in high-minority and high-poverty schools to have a mas-
ter’s or higher degree and to hold full certification.

¢ Mathematics and science teachers in low-minority and
low-poverty schools were more likely to teach in field
than their colleagues in high-minority and high-poverty
schools.

¢ New mathematics and science teachers (those with 3 or
fewer years of teaching experience) were more prevalent
in high-minority and high-poverty schools than in low-
minority and low-poverty schools.

Professional Development of Mathematics
and Science Teachers

Participation in induction and mentoring programs was
widespread.

¢ In 2003, 68%-72% of beginning mathematics and sci-
ence teachers in public middle and high schools reported
that they had participated in a formal teacher induction
program or had worked closely with a mentor teacher
during their first year of teaching.

Teacher participation in professional development was
common. However, various features of professional de-
velopment identified as being effective in bringing about
changes in teaching practices were not widespread.

4 In 2003, more than 70% of mathematics and science teach-
ers in public middle and high schools participated in pro-
fessional development focusing on the content of their
subject field. About two-thirds attended professional de-
velopment in using computers for instruction. Professional
development most frequently took the form of workshops,
conferences, and training sessions (91% in 2003).

¢ Recent research has found that intensive participa-
tion of at least 60—80 hours may be necessary to bring
about meaningful change in teaching practice. In 2003,
4%-28% of mathematics and science teachers in public
middle and high schools attended professional develop-
ment programs for 33 hours or more over the course of a
school year.

Teacher Salaries, Working Conditions,
and Job Satisfaction

Attrition from teaching was typically lower than from
other professions and attrition rates of mathematics and
science teachers were no greater than the overall rate.
Many were satisfied with being teachers and planned to
stay in the profession as long as they could.

4 Among all college graduates working in 1994, 34% were
working in the same occupational category in 2003 and
54% had made a change in occupation. In contrast, 61%
of college graduates entering K—12 teaching in 1994 were
still teaching in 2003 and 21% had left teaching for non-
teaching jobs.

4 Between academic years 2003 and 2004, about 6%—7%
of mathematics and science teachers in public schools left
teaching, compared with 8% of all teachers.

4 In 2003, 90% of mathematics and science teachers said
that they were satisfied with being teachers in their
schools, 76% planned to remain in teaching as long as
they could or until retirement, and more than 66% ex-
pressed their willingness to become teachers again if they
could start over.

Public secondary schools experienced varying degrees of
difficulty in finding teachers in mathematics and science.

4 About 80% of public secondary schools reported teaching
vacancies (i.e., teaching positions needing to be filled) in
one or more fields in academic year 2003. Among these
schools, 74% had vacant positions in mathematics and
52%—56% had vacant positions in biology/life sciences
and physical sciences.

4 About one-third of public secondary schools with vacan-
cies in mathematics or physical sciences reported great
difficulty in finding teachers to fill openings in these
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fields, whereas 22% of schools reported that this was the
case in biology/life sciences.

Science and mathematics teacher salaries continue to lag
behind salaries for individuals working in comparable
professions and the gaps have widened substantially in
recent years.

4 In 2003, the median salary for full-time high school math-
ematics and science teachers was $43,000, lower than the
salaries of professionals with comparable educational
backgrounds such as computer systems analysts, engi-
neers, accountants or financial specialists, and protective
service workers ($50,000-$72,000). From 1993 to 2003,
full-time high school mathematics and science teachers
had a real salary gain of 8%, compared with increases of
21%—-29% for computer systems analysts, accountants or
financial specialists, and engineers.

4 In 2003, 53% of public middle and high school mathe-
matics and science teachers said that they were not satis-
fied with their salaries.

Most public school teachers had favorable perceptions of
their working conditions.

4 In 2003, at least 79% of mathematics and science teach-
ers in public middle and high schools reported strong
leadership from the administration in their school, a great
amount of collaboration among their colleagues, and suf-
ficient instructional materials.

¢ Relatively few of them viewed various student problems
as “serious” in their schools. The problems that teachers
rated most often as serious were students arriving at school
unprepared to learn (37%) and student apathy (32%).

Chapter 1. Elementary and Secondary Education

Transition to Higher Education

A majority of young people in the United States finished high
school with a regular diploma or an equivalent credential.

4 In 2005, 88% of 18-24-year-olds not enrolled in high
school had received a high school diploma or earned an
equivalent credential such as a General Equivalency Di-
ploma (GED) certificate.

4 Completion rates showed an upward trend for each racial/
ethnic group between 1975 and 2005. The rates increased
faster for blacks than for whites, narrowing the gaps be-
tween the two groups. The gaps between whites and His-
panics remained wide.

¢ The on-time graduation rate, which measures the rates at
which high school freshmen graduate with a regular diplo-
ma 4 years later, ranged from 72%—74% in the early 2000s.

Increasing numbers of students are entering postsecond-
ary education directly after high school.

¢ Between 1975 and 2005, the percentage of students ages
1624 enrolling in college immediately following high
school graduation rose from 51% to 69%.

4 Increases in rates of immediate college enrollment have
occurred among all subgroups of students. However,
wide gaps among these subgroups have persisted, with
black and Hispanic students and those from low-income
and poorly educated families trailing behind their white
counterparts or those from high-income and well-educated
families.
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Introduction

This chapter examines recent trends in student achieve-
ment and factors influencing the quality of U.S. mathematics
and science education at the elementary and secondary levels.
Public concern about the achievement of American students
in mathematics and science has intensified in recent years. In
response, the education community has developed and imple-
mented various approaches to improving K—12 education
(NSB forthcoming). Targets of reform include standards and
curriculum, knowledge assessments, teacher qualification,
professional development, and working conditions.

The chapter begins by summarizing the most recent data
on U.S. student learning in mathematics and science. New
indicators of achievement include changes during the first
6 years of schooling, focusing on whether gaps between
groups grew over that time. Another new topic is learning
from 10th to 12th grades. The achievement section also puts
U.S. student performance in mathematics and science in an
international context.

The chapter next examines high school coursetaking in
mathematics and science. This edition includes new data
on coursetaking in environmental science, engineering, and
engineering/science technologies. It also discusses the latest
information on state academic course requirements for high
school graduation and the status of statewide assessments.

Turning next to teachers, the chapter examines their qual-
ifications, professional development, salaries, and working
conditions, all issues that affect hiring and retaining profes-
sionals with backgrounds in mathematics and science. All
teacher indicators in this chapter have been updated since
Science and Engineering Indicators 2004 (NSB 2004), us-
ing the latest data from the 2003—04 Schools and Staffing
Survey (SASS) and parallel data from the 19992000 SASS
where relevant. New teacher indicators include comparisons
between teacher and other professional salaries, teacher job
satisfaction and plans for continuing to teach, the link be-
tween various aspects of teachers’ work environments and
their long-term commitment to teaching, school reports of
the degree of difficulty filling teaching vacancies in math-
ematics and science, and comparisons of attrition among
teachers and other professionals. In addition, a section on
teacher professional development includes new data on con-
tent, duration, and format. The chapter closes with indicators
of secondary students’ transitions into higher education.

The chapter focuses primarily on overall patterns but also
reports variations in access to educational resources by minor-
ity concentration and school poverty level, and in student per-
formance by sex, race/ethnicity, and family characteristics.

Whenever a difference or change over time is cited in this
chapter, it is statistically significant at the 0.05 probability level.!

Student Learning in Mathematics
and Science

This section presents indicators of student performance
in mathematics and science from two types of studies: longi-
tudinal studies and repeating cross-sectional studies. Longi-
tudinal studies follow the same group of students over time;
for example, from kindergarten through fifth grade. These
studies can show achievement gains in a particular subject
from grade to grade. Repeating cross-sectional studies pro-
vide a snapshot of how certain students perform in a particu-
lar year and then take another snapshot of a similar group
of students in a later year; for example, comparing fourth
graders in 1990 to fourth graders in 2005.

Performance as Students Progress Through
Elementary School

The Early Childhood Longitudinal Study (ECLS) fol-
lowed a group of students who entered kindergarten in fall
1998 until spring 2004, when most were in fifth grade.? The
2006 volume of Science and Engineering Indicators provid-
ed data from ECLS through third grade (NSB 2006). Those
indicators showed that mathematics achievement differenc-
es among subpopulations already existed when students en-
tered kindergarten. Although all groups made gains by third
grade, some gaps widened over the 4-year period (Rathbun,
West, and Germino Hausken 2004). This volume updates
those indicators of early mathematics learning to fifth grade.
It also presents the first longitudinal data from ECLS on sci-
ence learning, from third through fifth grade.

Mathematics: Fifth Grade Performance

The ECLS mathematics assessments provide indica-
tors of student proficiency in nine specific skill areas that
represent a progression of skills and knowledge (see side-
bar “Mathematics Skills Areas for Elementary Grade Stu-
dents”). This volume of Science and Engineering Indicators
focuses on the skill areas assessed in fifth grade, whereas the
2006 volume focused on the lower-order skill areas assessed
in kindergarten through third grade.

By the end of fifth grade, almost all students (92%) could
solve simple multiplication and division problems, and
about three-quarters demonstrated understanding of place
value in integers to the hundreds place (figure 1-1; appen-
dix table 1-1) (Princiotta, Flanagan, and Germino Hausken
20006). Other topics proved more challenging, with less than
half of fifth graders (43%) able to solve word problems us-
ing knowledge of measurement and rate, 13% able to solve
problems using fractions, and 2% able to solve problems us-
ing area and volume. However, in each of the mathematics
skills areas assessed at both time points, the percentages of
students demonstrating proficiency increased since the third
grade (appendix table 1-1).
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Mathematics Skill Areas for Elementary Grade Students

ECLS measures student proficiency at nine specific
mathematics skill levels. These skill levels were identi-
fied based on frameworks from other national assess-
ments and advice from a panel of education experts and
represent a progression of mathematics skills and knowl-
edge. Levels 6, 7, and 8 were first assessed in third grade,
and level 9 was first assessed in fifth grade. By the fifth
grade, levels 1 through 4 were not assessed. Each level is
labeled by the most sophisticated skill in the set.

Level 1 Number and shape: Recognize single-digit
numbers and shapes.

Level 2 Relative size: Count beyond 10, recognize the
sequence in basic patterns, and compare the relative
size and dimensional relationship of objects.

Level 3 Ordinality and sequence: Recognize two-digit
numbers, identify the next number in a sequence, iden-
tify the ordinal position of an object, and solve simple
word problems.

Figure 1-1

Level 4 Add and subtract: Solve simple addition and
subtraction items and identify relationships of num-
bers in sequence.

Level 5 Multiply and divide: Perform basic multiplica-
tion and division and recognize more complex number
patterns.

Level 6 Place value: Demonstrate understanding of
place value in integers to the hundreds place.

Level 7 Rate and measurement: Use knowledge of
measurement and rate to solve word problems.

Level 8 Fractions: Solve problems using fractions.

Level 9 Area and volume: Solve problems using area
and volume.

Sources: Princiotta, Flanagan, and Germino Hausken 2006; West,
Denton, and Reaney 2000.

Proficiency in specific mathematics knowledge and skill areas of students in grades 3 and 5: 2002 and 2004
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NOTES: In 2004 followup for Early Childhood Longitudinal Study (ECLS) kindergarten class of fall 1998, 86% of cohort was in grade 5, 14% was in lower
grade, and <1% was in higher grade. For simplicity, students in ECLS followups referred to by modal and expected grade, i.e., third graders in spring

2002 assessment and fifth graders in spring 2004 assessment.

SOURCES: National Center for Education Statistics, ECLS, spring 2002 and 2004; and National Science Foundation, Division of Science Resources

Statistics, special tabulations. See appendix table 1-1.

Mathematics: Achievement Gaps During
Elementary School

Fifth grade mathematics performance was related to sev-
eral student background factors (Princiotta, Flanagan, and
Germino Hausken 2006). For each of the mathematics skill
levels mentioned above, lower proportions of black and His-
panic students were proficient compared with their white
and Asian peers (appendix table 1-1). Students whose moth-
ers had less formal education and students who were living
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in poverty® also generally demonstrated lower proficiency
rates than their peers.

Although many of these mathematics achievement differ-
ences were evident when these children started kindergarten,
the ECLS data suggest that at least some gaps widened as
students progressed through elementary school, and that oth-
er gaps, such as those between boys and girls, emerged that
were not present when students started school (Princiotta,
Flanagan, and Germino Hausken 2006; Rathbun, West, and
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Germino Hausken 2004). Changes in achievement gaps are
most easily summarized by examining average scale scores,
which place students on a continuous ability scale based on
their overall performance. Results indicate that all demo-
graphic groups gain mathematical skills and knowledge dur-
ing elementary school but the rate of progress varies.

Gender Gaps. Boys and girls started kindergarten at the
same overall mathematics performance level (appendix ta-
ble 1-2), but by the end of fifth grade, boys had made larger
mathematics gains than girls, resulting in a small but observ-
able gender gap of four points.

Race/Ethnicity Gaps. Gaps between white and black
students and between white and Hispanic students existed
when students started kindergarten and they widened over
time. In mathematics, from kindergarten to fifth grade, white
students posted a gain of 93 points; Hispanics, a gain of 89
points; and blacks, a gain of 80 points (table 1-1; appendix
table 1-2). By fifth grade, the gap between white and black
students in average mathematics scores was 19 points, and
the average score of black fifth grade students was equiva-
lent to the average third grade score of white students.

Mother’s Education and Family Income Gaps. Stu-
dents whose mothers had higher levels of education entered
kindergarten with higher average mathematics scores than
their peers whose mothers attained less formal education
and these gaps increased as students progressed through el-
ementary school (appendix table 1-2). By grade 5, the gaps
in mathematics scores were substantial, with students whose
mothers had dropped out of high school posting a lower av-
erage mathematics score than students whose mothers had
graduated from college had posted at grade 3. Students liv-
ing in families with incomes below the poverty threshold
also entered school with lower mathematics skills than their
peers from higher income families, and those discrepancies
in scores grew by fifth grade.

Table 1-1

Other research suggests that widening achievement gaps
as students progress through school are, at least in part, a result
of differential learning growth and loss during the summer
(Alexander, Entwisle, and Olson 2001; Borman and Boulay
2004; Cooper et al. 1996). For example, although lower- and
upper-income primary grade students made similar gains in
mathematics during the school year, lower-income students
experienced declines in mathematics skills during summer
breaks, whereas higher-income students experienced gains
(Alexander, Entwisle, and Olson 2001). These findings have
been attributed to greater ability among higher-income par-
ents to provide their children with mathematically stimulat-
ing materials and activities during the summer.

Science: Performance Gains and Gaps From Third
to Fifth Grade

ECLS began assessing students in science in the third
grade and tested those students’ science knowledge again
in fifth grade (Princiotta, Flanagan, and Germino Hausken
2006; Rathbun, West, and Germino Hausken 2004). The
science assessments placed equal emphasis on life science,
earth and space science, and physical science, asking students
to demonstrate understanding of the physical and natural
world, make inferences, and understand relationships. As-
sessments also required students to interpret scientific data,
form hypotheses, and develop plans to investigate scientific
questions. ECLS science assessments were not designed to
measure proficiency in specific skill areas and therefore do
not lend themselves to proficiency levels; results are instead
summarized by average scale scores.

Gains in science skills and knowledge between third and
fifth grade were seen across each demographic group, but
performance gaps persisted (appendix table 1-3). Gaps were
evident the first time students were assessed in science, in
third grade. Boys had slightly higher average science scores

Average mathematics scores of students from beginning kindergarten to grade 5, by race/ethnicity: 1998, 2000,

2002, and 2004

Gain from
Fall 1998 Spring 2000 Spring 2002  Spring 2004  kindergarten

Race/ethnicity kindergarten grade 1 grade 3 grade 5 to grade 5
22 39 91 112 89
25 43 97 118 93
19 B3 79 99 80
19 36 85 108 89
25 39 94 118 93
20 38 86 107 86

aIncludes non-Hispanic Native Hawaiians, Pacific Islanders, American Indians, Alaska Natives, and children of more than one race.

NOTES: Early Childhood Longitudinal Survey (ECLS) mathematics scale ranged from 0 to 153. In 2004 followup for ECLS kindergarten class of fall 1998,
86% of cohort was in grade 5, 14% was in a lower grade, and <1% was in a higher grade. For simplicity, students in ECLS followups referred to by modal
and expected grade, i.e., first graders in spring 2000 assessment, third graders in spring 2002 assessment, and fifth graders in spring 2004 assessment.

SOURCES: National Center for Education Statistics, ECLS, fall 1998 and spring 2000, 2002, and 2004; and National Science Foundation, Division of

Science Resources Statistics, special tabulations.
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than girls and they maintained this small difference in perfor-
mance in fifth grade. In third grade, white and Asian students
had higher average science scores than did blacks and Hispan-
ics, and Hispanics outperformed their black peers. By fifth
grade, none of these gaps had narrowed and the black-Hispanic
gap had increased. The average score for black fifth graders
was lower than the average score for white third graders.

Third graders whose mothers had more formal education
performed better in science than did their peers with moth-
ers who were less educated, and students who lived above
the poverty threshold did better in science than those who
lived below it (appendix table 1-3). By fifth grade these gaps
in science performance by mothers’ education and poverty
status either remained constant or grew wider. Students from
families below the poverty threshold had average fifth grade
science scores equivalent to the third grade scores of stu-
dents above the poverty threshold.

Mathematics Performance as Students
Progress Through High School

Another longitudinal study, the Education Longitudinal
Study (ELS), provides indicators of student learning during
high school by following a nationally representative sample
of students who were in 10th grade in 2002 (NCES 2007a).
These students were assessed again in 2004 in 12th grade.
ELS includes an assessment of student performance in math-
ematics, which provides information both on specific skills
and on overall mathematics performance. The specific skills
are divided into levels representing a progression of math-
ematics skills: (1) simple arithmetical operations with whole
numbers; (2) simple operations with decimals, fractions,
powers, and roots; (3) simple problem solving requiring
the understanding of low-level mathematical concepts; (4)
understanding of intermediate-level mathematical concepts

Figure 1-2
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and multistep solutions to word problems; and (5) complex
multistep word problems and advanced mathematics mate-
rial (NCES 2007a).

In 2004, almost all 12th grade students (96%) were pro-
ficient in simple arithmetical operations with whole num-
bers and 79% were also proficient in simple operations with
decimals, fractions, roots, and powers (figure 1-2; appendix
table 1-4). However, the proportions demonstrating profi-
ciency in more advanced mathematics skills were lower and
decreased as more advanced skills were tested. Only 4% of
12th grade students reached proficiency at the highest level
(solving complex multistep word problems). Nevertheless,
at each level, the percentages of students demonstrating pro-
ficiency increased from the 10th to the 12th grade.

Each demographic subgroup examined improved in
mathematics skills from 10th to 12th grade, but achievement
disparities were evident. The ECLS data reviewed in the pre-
vious section found that boys and girls entered kindergarten
with similar overall mathematics performance, but by the
fifth grade, boys demonstrated slightly higher performance.
This small gender gap favoring boys was also observed in
the 10th and 12th grades in ELS, with the gap holding steady
between those 2 years (appendix table 1-4).

Substantial differences among racial/ethnic groups were
found in mathematics achievement at grade 10, with white
and Asian/Pacific Islander students posting higher average
scores than black and Hispanic students, and Hispanic stu-
dents scoring slightly higher than black students (appendix
table 1-4). After 2 additional years of schooling, white-
Hispanic and Hispanic-black gaps held steady, and the white-
black, Asian-black, and Asian-Hispanic gaps increased. By
12th grade, the average performance of black students was
slightly lower than the average 10th grade performance of
white and Asian students.

Proficiency in specific mathematics knowledge and skill areas of students in grades 10 and 12: 2002 and 2004

Percent
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Simple arithmetic
operations on whole
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Simple arithmetic
operations with
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Simple problem
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SOURCES: National Center for Education Statistics, Education Longitudinal Study, spring 2002 and 2004; and National Science Foundation, Division of
Science Resources Statistics, special tabulations. See appendix tables 1-1 and 1-4.
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The mathematics skill gaps observed in kindergarten (and
found to be greater in fifth grade) between students whose
mothers had lower levels of education compared with stu-
dents whose mothers were more educated were evident
among ELS 10th graders (appendix table 1-4). These differ-
ences generally increased through the 12th grade. Students
from low socioeconomic families* had lower average 10th
grade mathematics scores than their peers in middle socio-
economic families, who in turn had lower scores than stu-
dents in high socioeconomic families. By 12th grade these
gaps had grown.

Performance of 4th, 8th, and 12th Grade
Students Since the 1990s

The two longitudinal studies described above showed
that students start school with different levels of knowledge
and skills and that some of those differences grow as the
same students move through the educational system. Nota-
bly, none of the achievement gaps reviewed above between
historically privileged and underprivileged groups narrowed
during elementary or high school.

Another type of assessment, a well-known repeating
cross-sectional study, provided indicators that showed a
somewhat more positive trend. As will be detailed below,
fourth and eighth grade students in 2005 (including most
subgroups) performed better on mathematics tests on aver-
age than fourth and eighth graders a decade and a half ear-
lier. However, fewer gains were observed in science and
substantial achievement gaps among subgroups of students
in these grades persisted in both mathematics and science.

The National Assessment of Educational Progress
(NAEP), also known as the “Nation’s Report Card,” has
charted the academic performance of U.S. students in the
upper elementary and secondary grades since 1969. Previ-
ous Science and Engineering Indicators reports described
trends in mathematics and science results dating back to
the first NAEP assessments.® This volume focuses on more
recent trends, from 1990 to 2005 for mathematics (grades
4 and 8) and from 1996 to 2005 for science (grades 4, 8§,
and 12) (NCES 2006a, b). Twelfth graders were assessed in
mathematics in 2005 but the assessment was not comparable
with previous NAEP assessments, and therefore trend data
are not available for grade 12 mathematics.®

The NAEP assessments are based on frameworks de-
veloped through a national consensus process that involves
educators, policymakers, assessment and curriculum ex-
perts, and the public. The frameworks are then approved
by the National Assessment Governing Board (NAGB)
(NCES 2006a, 2007b). The mathematics grades 4 and 8
assessments contain five broad content strands (number
sense, properties, and operations; measurement; geometry
and spatial sense; data analysis, statistics and probability;
and algebra and functions). The mathematics grade 12 as-
sessment contains four content strands that are similar to
the grade 4 and 8 strands, but with measurement and geom-
etry collapsed together. The science framework includes a
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content dimension divided into three major fields of sci-
ence: earth, life, and physical.

Student performance on the NAEP is measured with scale
scores as well as achievement levels. Scale scores place stu-
dents on a continuous ability scale based on their overall per-
formance. For grades 4 and 8, the mathematics scales range
from 0 to 500 across the two grades. For grade 12, the math-
ematics scale ranges from 0 to 300. For science, the scales
range from 0 to 300 for each of the three grades.

Achievement levels are set by NAGB based on recom-
mendations from panels of educators and members of the
public, and describe what students should know and be able
to do at the basic, proficient, and advanced levels for each
grade (NCES 2006b and 2007b). The basic level represents
partial mastery, proficient represents solid academic per-
formance, and advanced represents superior performance
on assessments measuring mastery of knowledge and skills
for each grade level. This review of NAEP results focuses
on the percentage of students deemed proficient (for more
detailed definitions of the proficient levels, see Science and
Engineering Indicators 2006, pp. 1-13 and 1-14 [NSB 2006
and NCES 2007b]).

Disagreement exists about whether NAEP has appro-
priately defined these levels. A study commissioned by the
National Academy of Sciences judged the process used to
set these levels “fundamentally flawed” (Pellegrino, Jones,
and Mitchell 1998), and NAGB acknowledges that consid-
erable controversy remains over setting achievement levels
(Bourque and Byrd 2000). However, both the National Cen-
ter for Education Statistics (NCES) and NAGB believe the
levels are useful for understanding trends in achievement.
They warn readers to use and interpret the levels with cau-
tion (NCES 2006b).

In this section, NAEP results are examined in various
ways, including changes in average scale scores and in the
proportion of students reaching the proficient level both
overall and among various subgroups of students. In addi-
tion, achievement gaps between demographic subpopula-
tions and changes in those gaps are reviewed.

Examining a set of measures reveals more about student
performance than does examining just one measure (Barton
2004). For example, without examining changes in achieve-
ment for high-, middle-, and low-achieving students, it would
be impossible to know whether a rise in average scores re-
sulted from increased scores among one or a few groups of
students, or whether it reflected broader improvements.

Mathematics Performance From 1990 to 2005

The average mathematics scores of fourth and eighth
grade students have steadily increased since 1990 (the first
year in which the current assessment was given), including
small improvements during the more recent period 200305
(NCES 2006a) (figure 1-3; table 1-2; appendix table 1-5).
The pattern of higher average mathematics scores among
fourth and eighth grade students was widespread (table 1-2;
appendix table 1-5). At grades 4 and 8, average mathemat-
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Table 1-2
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Changes in mathematics performance of students in grades 4 and 8, by student characteristics and other

factors: 1990-2005 and 2003-05

Grade 4 Grade 8
Student characteristic 1990-2005 2003-05 1990-2005 2003-05
Average score
L €= LS P RSP TP PPN A A A A
A A
A A A A
Race/ethnicity
White, NON-HISP@NIC .......cccuiiiiiiiiiiiiiit et A A A A
Black, NON-HISPANIC ........ccccuiiiiiiiiiiie i A A A A
HISP@NIC ...ttt e et e e e e e e s e e eenneeeeae A A A A
Asian/Pacific Islander=................. NA A NA A
American Indian/Alaska Native® NA A NA °
Free/reduced-price lunch®
ENGIDIE .. e A A A
NOt €lIGIDIE. .....eeeiiee s A
Percentile scores®
A A A A
A A A A
A A A A
A A A A
A A A A
Changes in achievement gaps in average scores
(G Tt gL [T o o PP o . o °
White-black gap.......coouiiiiiiiii e v v o v
White-Hispanic gap ........ccceecueeiiiiiiiiiieccee e ° o o v
Eligible and not eligible for free/reduced-price lunch gap®........ccceverevenereens v . . .

A = increase; ® = no change; ¥ = decrease (based on t-tests using unrounded numbers); NA = not available

ansufficient sample size in 1990 for Asian/Pacific Islanders precluded calculation of reliable estimates.

®Insufficient sample size in 1990 for American Indians/Alaska Natives precluded calculation of reliable estimates.

Information on student eligibility for free/reduced-price lunch first collected in 1996: comparisons in 1990s columns from 1996 to 2005.
dPercentage of students whose scores fell below a particular score, e.g., 75% of students had scores <75th percentile.

NOTES: 2005 grade 12 assessment not comparable with previous assessments; therefore mathematics trend information for grade 12 not available.

SOURCES: National Center for Education Statistics (NCES), The Nation’s Report Card: Mathematics 2005, NCES 2006-453 (2006); National Assessment
of Educational Progress, 1990, 1996, 2003, and 2005 mathematics assessments; and National Science Foundation, Division of Science Resources

Statistics, special tabulations. See appendix table 1-5.

ics scores were higher for both male and female students in
2005 compared with both 1990 and 2003. This was also true
for students regardless of eligibility for free or reduced-price
lunch (a commonly used measure of poverty).” Generally,
improvements were observed for white, black, Hispanic, and
Asian/Pacific Islander populations.®

Examining trends for students at the lower, middle, and
higher ranges of performance can uncover whether overall
trends are driven by changes in only one or two of these
groups. However, NAEP mathematics results indicate that
the overall increase in mathematics performance was not
driven by students at any one performance level (table 1-2;
appendix table 1-5). Average scores for students in the 10th,
25th, 50th, 75th, and 90th percentiles in 2005 were all higher
than those recorded in 1990 and 2003, providing evidence
that gains in mathematics were widespread. (Percentiles are
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scores below which a specified percentage of the population
falls. For example, among eighth graders in 2005, the 75th
percentile score for mathematics was 304. This means that
75% of eighth graders had mathematics scores at or below
304, and 25% scored above 304).

The percentage of students reaching the proficient level
for their grade also rose (figure 1-4; appendix table 1-6).
In 1990, 13% of fourth graders were deemed proficient in
mathematics compared with 36% in 2005. Among eighth
graders the percentage increased from 15% to 30%.

Mathematics Performance From 2005 to 2007

The NAEP 2007 fourth and eighth grade mathematics as-
sessment results were released too late to incorporate more
than a brief summary in this volume. Both fourth and eighth
grade students registered continued improvements in mathe-
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Figure 1-3

Average mathematics score of students in grades
4 and 8: Selected years, 1990-2005
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NOTES: Scores on 0-500 scale across grades 4 and 8. 2005 grade
12 mathematics assessment not comparable with previous
assessments; therefore mathematics trend information for grade 12
not available.

SOURCES: National Center for Education Statistics (NCES), The
Nation’s Report Card: Mathematics 2005, NCES 2006-453 (2006);
and National Assessment of Educational Progress, 1990, 1996,
2003, and 2005 mathematics assessments. See appendix table 1-5.
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matics achievement between 2005 and 2007 (Lee, Grigg, and
Dion 2007). Improvements occurred across all performance
percentiles and income levels in both grades. Among fourth
graders, scores increased for whites, blacks, Hispanics, and
Asians/Pacific Islanders but no significant increase could be
reported for American Indians/Alaska Natives because of in-
sufficient sample size. Among eighth graders, whites, blacks,
and Hispanic students improved their scores but Asians/Pacif-
ic Islanders and American Indians/Alaska Natives registered
no gain. The percentage of students scoring at or above profi-
cient in both grades increased from 36% to 39% among fourth
graders and 30% to 32% among eighth graders.

Although most groups showed improved performance
from 2005 to 2007, performance gaps were resistant to im-
provement. In the fourth grade, the white-black and white-
Hispanic gaps did not change between 2005 and 2007. In the
eighth grade, the white-black gap decreased but the white-
Hispanic gap remained about the same.

Science Performance From 1996 to 2005

Since 1996, the first year the current NAEP science as-
sessment was given, average scores increased for 4th grad-
ers, held steady for 8th graders, and declined for 12th graders
(table 1-3, appendix table 1-7) (NCES 2006b). Trends in per-
centile scores suggest the increase in average scores at grade
4 was driven by lower- and middle-performing students:
scores at the 10th, 25th, and 50th percentiles increased in

¢ 1-13

Figure 1-4
Proficiency in mathematics and science, grades 4,
8, and 12: Selected years, 1990-2005
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NOTE: 2005 grade 12 mathematics assessment not comparable
with previous assessments; therefore mathematics trend information
for grade 12 not available.

SOURCES: National Center for Education Statistics (NCES), The
Nation’s Report Card: Mathematics 2005, NCES 2006-453 (2006);
The Nation’s Report Card: Science 2005, NCES 2006-466 (2006);
and National Assessment of Educational Progress, 1990, 1996,
2003, and 2005 mathematics assessments and 1996, 2000, and
2005 science assessments. See appendix tables 1-6 and 1-8.
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2005 compared with both 1996 and 2000, while scores at
the 75th and 90th percentiles did not change over the same
periods (appendix table 1-7).

The proportion of students reaching the proficient level
for their grade in science did not change for grades 4 and
8, and declined slightly for grade 12 (figure 1-4; appendix
table 1-8). In 2005, 29% of fourth and eighth grade students
reached the proficient level. Rates were lower among 12th
graders (18% scored at or above the proficient level).

Changes in Achievement Gaps Since the 1990s
The longitudinal studies outlined in the beginning of this
chapter reveal racial/ethnic gaps in mathematics and science
performance as students start kindergarten, some of which
grow as students progress through elementary and high school.
NAEP, with snapshots of three grades over time, paints a
slightly different picture. Since 1990, the white-black gap
in mathematics achievement decreased among fourth grad-
ers and held steady for eighth graders (table 1-2; appendix
table 1-5). The white-Hispanic mathematic gaps held steady
over this time for students in grades 4 and 8. In science, fourth
grade black students narrowed the achievement gap with
white students from 1996 to 2005 (table 1-3; appendix table
1-7). Despite some narrowing, substantial racial/ethnic gaps
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Table 1-3
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Changes in science performance of students in grades 4, 8, and 12, by student characteristics and other

factors: 1996-2005 and 2000-05

Student characteristic

Grade 4 Grade 8 Grade 12

1996-2005 2000-05 1996-2005 2000-05 1996-2005 2000-05

Average score
] €= LSOO PRSPt

FEMAlE ...
Race/ethnicity

White, non-Hispanic...

Black, non-Hispanic ...

HISPANIC.....ciiiiiiicie s

Asian/Pacific Islander?............coooiiiiiiiiiiee e

American Indian/Alaska Native.........ccccccoeieiiiiiiieiiieeieeee.
Free/reduced-price lunch

ENGIDIE .

NOt eligible.......cuviiiiiii

Percentile scores®

Changes in achievement gaps in average scores
(€T 0o (=T ge =T o SRS
White-black gap........oooiiiiiiiiiiii e
White-HiSpaniC gap ........cccueceeiieiiieiiieciieseeeiee e
Eligible and not eligible for free/reduced-price lunch gap..........

A A . . v °
A A . ° v °
° A ° ° v °
A A . ° . °
A A A ° ° °
A A ° . . °
A NA . . . .
. . v v ° .
A A o A NA NA
A A A ° NA NA
A A . . v °
A A (] (] v °
A A . . . .
° ° ° ° v °
° ° ° ° v °
° ° . . . °
v v ° . ° A
. v . . . .
. v ° v NA NA

A = increase; ® = no change; ¥ = decrease (based on t-tests using unrounded numbers); NA = not available

aNational Center for Education Statistics (NCES) did not publish 2000 science scores for grade 4 Asians/Pacific Islanders because of accuracy and

precision concerns.

*Percentage of students whose scores fell below a particular score, e.g., 75% of students had scores <75th percentile.

SOURCES: NCES, The Nation’s Report Card: Mathematics 2005, NCES 2006-453 (2006); National Assessment of Educational Progress,1996, 2000, and
2005 science assessments; and National Science Foundation, Division of Science Resources Statistics, special tabulations. See appendix table 1-7.

in mathematics and science remained. For example, among
12th grade students in 2005, 24% of white students and 23%
of Asian/Pacific Islander students were proficient in science
compared with 13% of American Indian/Alaska Native stu-
dents, 5% of Hispanic students, and 2% of black students (ap-
pendix table 1-8). Although grade 12 trends are not available
for mathematics, the 2005 data reveal substantial racial/ethnic
gaps in this subject as well: 36% of Asian/Pacific Islander
12th graders, 29% of white 12th graders, 8% of Hispanic 12th
graders, and 6% each of black and American Indian/Alaska
Native 12th graders reached the proficient level in mathematics
(appendix table 1-6).

In 2005, boys in grades 4, 8, and 12 performed slightly
better than girls in both mathematics and science (appendix
tables 1-5, 1-6, 1-7, and 1-8). These small gender gaps have
remained stable since 1990 in mathematics (for grades 4 and
8) and 1996 in science (for grades 4, 8, and 12). In 2005,
students in grades 4 and 8 who were eligible for the federal
subsidized lunch program had lower average mathematics
scores than their peers who were not eligible (appendix table
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1-5). However, the grade 4 gap with regard to subsidized
lunch was slightly less in 2005 than it had been in 1996
(table 1-2; appendix table 1-5). Achievement differences
with regard to subsidized lunch eligibility were also found
in science, with fourth and eighth grade students eligible for
the lunch program performing below their ineligible peers
(appendix table 1-7). Between 2000 and 2005, these science
gaps by subsidized lunch eligibility in grades 4 and 8 de-
creased somewhat (table 1-3; appendix table 1-7).

International Comparisons of Mathematics
and Science Performance

Two assessments help compare mathematics and science
performance in the United States to other countries: the Trends
in International Mathematics and Sciences Study (TIMSS)
and the Program for International Student Assessment (PISA).
Results from the most recent administration of these assess-
ments are included in more detail in Science and Engineering
Indicators 2006 and are only summarized here.
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In 2003, U.S. students scored above international aver-
ages on the TIMSS assessment and below international
averages on the PISA assessment, differences that may be
explained, in part, by each test’s focus and the set of coun-
tries participating in each assessment (Neidorf et al. forth-
coming). TIMSS tests primary and middle grade students on
curriculum-based knowledge and skills. PISA tests 15-year-
olds on their ability to apply scientific and mathematical
concepts and thinking skills to real-world problems. Although
TIMSS includes results from 46 industrialized and develop-
ing countries, PISA results reported here include 30 countries,
all of which are industrialized.

According to TIMSS data, U.S. fourth and eighth grad-
ers performed above the international average in mathemat-
ics and science in 2003 (Gonzales et al. 2004). However,
because TIMSS includes many developing countries in its
international average, it also can be helpful to compare U.S.
performance to two similarly industrialized countries, the
United Kingdom and Japan. Japan outperformed U.S. fourth
and eighth graders in both mathematics and science. The
United Kingdom outperformed U.S. fourth graders in both

Achievement Negatively Correlated
With Confidence in Learning Across
Countries/Economies

TIMSS measured a concept less frequently reported
with standardized test results: whether students are self-
confident in learning. Correlating achievement with self-
confidence reveals surprising results. When comparing
mathematics score averages across countries/economies,
those with higher percentages of students reporting high-
er confidence in learning mathematics scored /ower than
countries/economies with lower percentages of students
reporting such confidence (Loveless 2006; Mullis et al.
2004).

On eighth grade mathematics assessments, 39% of
U.S. students reported that they usually do well in math-
ematics, compared with 4% in Japan (table 1-4). How-
ever, the average national test score for the United States
was 66 points lower than Japan’s. Within a given coun-
try, however, students who were more self-confident
in learning did score higher than other students in their
country (Loveless 2006).
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subjects, but had insufficient numbers participating in eighth
grade to make a comparison. According to PISA results,
U.S. 15-year-olds performed below the average for industri-
alized countries in both mathematics and science (Lemke et
al. 2004). Of 30 participating industrialized nations, 20 out-
performed the United States in mathematics and 15 outper-
formed it in science (see sidebar “Achievement Negatively
Correlated With Confidence in Learning Across Countries/
Economies”).

Summary

Two national longitudinal studies found that students
enter kindergarten with varied mathematics knowledge and
skills, and all groups made gains during elementary and high
school but at different rates. The result is that most math-
ematics achievement gaps remain, or have grown, by the
time students graduate from high school. The national lon-
gitudinal data for science report achievement gaps in third
grade (the first time students are assessed) and gains among
all groups from third to fifth grade, but also no narrowing

Table 1-4

Eighth-grader’s confidence in mathematics, by
mathematics achievement score and country/
economy: 2003

Score
Students who above
“agree a lot” Average international

Country/economy (%) score average
Jordan .......ccceeciiiienen, 48 424

[=0) Y/ ) TR 46 406
Israel....ccoeeeiieeiiieeee 43 496 X
Ghana... 41 276

Bahrain ..... 40 401

Tunisia ...... 39 410

CYPruUS ..ccoveriieeiienieeeee 39 459

Palestinian Authority ........ 39 390

United States.................. 39 504 X
South Africa.......cccceeeen. 38 264

International average........ 27 467

Romania ........ccceeecveeennes 18 475 X
Singapore.... 18 605 X
Latvia........... 17 508 X
Moldova.........cccecueeeennnen. 17 460
Netherlands.................... 16 536 X
Malaysia ......cccceeveeeeunnn. 13 508 X
Chinese Taipei................ 11 585 X
Hong Kong .....ccovecuveeennes 10 586 X
Korea......cooeveieeeiicieecs 5) 589 X
Japan.....ccooevciieeenieins 4 570 X

NOTE: Countries/economies ranked by percentage of students who
“agree a lot” that / usually do well in mathematics.

SOURCES: Loveless T, How Well are American Students Learning? The
Brown Center on Education Policy, Brookings Institution (2006), figure 2-1;
and International Association for the Evaluation of Educational Achievement
Trends in International Mathematics and Science Study (2003).
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and even some widening of the achievement gaps over this
2-year period.

Repeating cross-sectional studies of mathematics and sci-
ence performance provide different types of indicators. In
2005, students in grades 4 and 8 posted higher mathemat-
ics scores than students in those same grades in 1990. The
pattern of higher scores was widespread, occurring among
males and females, across racial/ethnic groups, for students
from financially advantaged and disadvantaged families,
and for students in the lower, middle, and higher ranges of
performance. Additionally, some achievement gaps nar-
rowed. In science, average scores increased for fourth grade
students, held steady for eighth graders, and declined for
12th graders between 1996 (the first year the assessments
were given) and 2005. Trends in percentile scores suggest
the increase in overall science scores of fourth graders were
driven by improved scores among lower- and middle-per-
forming students.

Despite the gains made in mathematics (and to a lesser
extent, science) from the 1990s to 2005, most 4th, 8th, and
12th graders do not perform at levels considered proficient
for their grade. Just more than one-third of fourth graders
reached the proficient level in mathematics in 2005, and the
rates were lower for mathematics at grades 8 and 12, and
at all three grades for science. International comparisons of
student mathematics and science performance indicate U.S.
students perform below average in mathematics and science
for industrialized countries.

Standards and Student Coursetaking

Standards provide a foundation of support for other key
components of any educational accountability system, for
example, courses and curriculum, teacher skills and profes-
sional development, and assessments. In the face of gener-
ally flat performance trends in the upper high school grades
even after curricular standards were raised over the past two
decades,’ policymakers and educators are seeking new ways
to revise standards and courses to help effectively educate
young people (Achieve, Inc. 2004; Achieve, Inc., and Na-
tional Governors Association 2005; Hurst et al. 2003). Cur-
rently, revisions focus on adding specific college-preparatory
requirements and on making high school standards congruent
with the expectations of colleges and employers by involving
their representatives in the revision process.

The courses that students take, along with the curricula and
teaching methods used, strongly influence what they learn and
how well they are able to apply that learning. Research has
linked completing more challenging courses with stronger
academic performance, and coursework may play a direct
role in increasing student achievement (Bozick, Ingels, and
Daniel 2007; Chaney, Burgdorf, and Atash 1997; Lee, Cron-
inger, and Smith 1997; and Schmidt et al. 2001). In their 1990
study, Bryk, Lee, and Smith concluded that coursetaking was
the “principal determinant of achievement.”

Chapter 1. Elementary and Secondary Education

Links Between Coursetaking
and Learning

Researchers have uncovered an association be-
tween courses completed and achievement scores, but
not all have controlled for student ability. Students
with strong academic skills are likely to take more
challenging courses, but if they learn more than other
students over time, researchers would like to know
how much of the additional gain is attributable to skill
and how much to coursework.

Two recent studies that applied controls for abil-
ity are described here. Using data from students who
took its college entrance exams in 2004, an ACT study
found that students who completed a recommended
core curriculum scored higher on the ACT tests, re-
gardless of sex, race/ethnicity, family income, or abil-
ity (ACT 2006). ACT defined that core curriculum as
3 years each of mathematics, science, and social stud-
ies and 4 years of English. Taking advanced courses
beyond the core requirements, including additional
courses in mathematics and science, was linked to
larger score gains, even after controlling for students’
prior achievement. Completing the core curriculum
also led to higher rates of college enrollment and suc-
cess in first-year courses like college algebra. Core
curriculum graduates were also more likely to be pre-
pared for further workforce training, according to tests
of applied learning.

In another study, Bozick, Ingels, and Daniel (2007)
used student 10th-grade mathematics proficiency
scores as one control measure in examining associa-
tions between the mathematics courses taken in 11th
and 12th grades and test score gains from 10th to 12th
grades. The analysis found that mathematics achieve-
ment test scores in 12th grade and achievement gains
from 10th to 12th grades were positively related to
student mathematics course sequences during the last
2 years of high school. The largest overall gains, and
the greatest gains in advanced skills such as deriva-
tions and making inferences from algebraic expres-
sions, were made by students who took precalculus in
11th grade plus an additional mathematics course in
12th grade (in most cases, calculus). The largest gains
in intermediate skills (such as simple operations and
problem solving) were made by those who followed
the geometry/algebra II sequence. The smallest gains
were made by students who took one mathematics
course or no mathematics courses during their last 2
years of secondary school. The analyses controlled for
students’ prior skill levels and demographic charac-
teristics, including socioeconomic status, educational
aspirations, family composition, and school sector.
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This section presents several indicators of standards
and coursetaking, including increases in state academic
course requirements for high school graduation and revi-
sions of content standards. In addition, high school course
completion trends are shown from 1990 through 2005 for
advanced mathematics, science, and engineering, as well as
for engineering/science technologies, which are generally
not considered advanced courses. The section concludes by
examining course completion rates for 2005 graduates with
various characteristics.

State Coursetaking and Curriculum
Standards

Completing advanced courses in high school, particularly
in mathematics, not only contributes to increased learning,
but also predicts college enrollment and degree completion
(Adelman 1999, 2006; Rose and Betts 2001). Students who
complete such courses increase their college acceptance
chances, are better prepared for college study, and have a
higher likelihood of earning a bachelor’s degree (see sidebar
“Links Between Coursetaking and Learning”). However, a
recent American College Test (ACT) report (2006) found
that close to half of students who planned to attend college
had not completed the academic courses necessary to enroll
in credit-bearing college courses. Raising course require-
ments for graduation provides one method of bridging such
gaps in preparation; if preparation is strengthened, not only
would college completion rates increase, but many students
also would earn degrees more quickly and college remedia-
tion costs would decline.

Furthermore, studying high-level mathematics in second-
ary school, particularly calculus, may increase the likeli-
hood of choosing a mathematics or science major in college
(Federman 2007). After adjusting for ability and course
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preferences, Federman found that the number of high school
mathematics courses completed was positively related to
propensity to major in a technical field, including all sci-
ence, technology, engineering, and mathematics (STEM)
and some high-level medical fields. Mathematics coursetak-
ing as a stepping stone into such fields may be especially
applicable to young women (Trusty 2002). Completing a
range of advanced mathematics courses in high school was
associated with women’s majoring in mathematics and sci-
ence subjects at higher rates. However, for men, high school
physics was the only predictor for majoring in mathematics
or science in college.'® Increasing course completions in ad-
vanced mathematics and science may therefore help enlarge
the college graduate pool and the workforce in these fields
as well as increase women’s participation in occupations in
which they have been traditionally underrepresented.

Core Subject Requirements

In 2006, 3 years was the most common state requirement
for both mathematics (26 states) and science (27 states)
courses for high school graduation. In 12 states, the math-
ematics requirement was two or fewer years and 16 states
required 2 or fewer years or science. The shift from a pre-
dominant requirement of 2 years in each subject in the mid-
1980s is notable (table 1-5). Few states (six for mathematics
and one for science) required 4 years of study in these sub-
jects, and one state required 4 years in both.

Six states left course requirements up to local districts,
whose standards apply to all high school students in the dis-
trict. In practice, districts generally require the courses that
students need for admission to the state’s public universi-
ties. Therefore, these states may not differ substantially from
those with published statewide requirements. (Districts may
also add requirements above state minimums.)

Table 1-5
States requiring various years of mathematics and science study for high school graduation: 1987, 1996,
and 2006

Mathematics Science
State/local standard 1987 1996 2006 1987 1996 2006
Local decision . 6 6 6 7 6
1-2 years®........ 33 26 12 40 33 16
B YEAIS .o 10 15 26 3 8 27
A YEAIS et 0 6 0 2 1

aln 20086, all states with statewide requirements required 22 years of mathematics courses, and only one state required 1 year of science.

NOTES: Data included for all states for 2006 and for all states plus District of Columbia for years before 2006, with two exceptions: in 1987, Arkansas and
Vermont required total of 5 mathematics and science credits (2 or 3 credits in each) so not assigned to a category; in 1996, Vermont alone not counted for
this reason. Some states had separate requirements for different kinds of diplomas. For these, states categorized by requirements for “standard” diploma
or for type most students likely receive, if more than one type and none called standard. In some states and some years, a new requirement enacted by
year in column head but did not necessarily apply to graduating class of that year.

SOURCES: Council of Chief State School Officers, Key State Education Policies on PK-12 Education: 2006 (2007); and National Center for Education
Statistics, Digest of Education Statistics, 1988 and 1998 editions (1988 and 1999).
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Rising standards have increased the number of required
academic courses since the mid-1980s. In the past decade or
so, the policy focus has expanded to include listing specific
courses that must be completed and improving course con-
tent. A primary goal of adding requirements for more math-
ematics and science study is to direct students into more
challenging courses, particularly those intended to prepare
them for success in college. To that end, in 2006, 21 states
required completion of specific mathematics courses (with
algebra the most common) and 22 states required specific
science courses (most often biology) (CCSSO 2007). Nearly
all states that required specific courses in mathematics also
required them in science. Another five states required stu-
dents to complete a science course with laboratory work but
required no specific course.

Chapter 1. Elementary and Secondary Education

Course Content Standards and Testing

In addition to specifying key courses that must be com-
pleted, states have developed and applied new standards
for course content. All states had adopted content standards
in mathematics and science by 2006—07, and 35 states had
schedules for reviewing and revising those standards (Edito-
rial Projects in Education 2007).

In light of continuing dissatisfaction on the part of employ-
ers and college professors with high school graduates’ skill
levels (see sidebar “Attitudes of Parents, Students, and School
Staff Toward Standards”) and the overall lack of substantial
achievement gains for 12th graders on national and interna-
tional tests, some policymakers want additional standards
revisions and are seeking input from stakeholders outside of
K-12 education. Reforms are intended to address the primary
problems that critics lodge against standards: they are vague
and lack focus, they cover too much and thus cause teachers

Attitudes of Parents, Students, and School Staff Toward Standards

Prominent business and education organizations have
continued to underscore the need for high schools to raise
standards so that students will gain the skills and knowledge
base required by employers and postsecondary institutions.
Among these organizations are the Gates Foundation and
the American Diploma Project (ADP), a consortium that
includes Achieve, Inc., many state leaders, the Education
Trust, and the Thomas B. Fordham Foundation. In addi-
tion, majorities of employers and professors surveyed in
1998-2002 reported that many or most high school gradu-
ates (depending on the specific question) lacked skills
needed for successful job performance and course comple-
tion. For example, in 2001 nearly two-thirds of both groups
thought that graduates’ basic mathematics skills were fair
or poor, and 73%—75% rated student writing ability fair or
poor (Public Agenda 2002).

However, these views contrast with those of parents
and students. A 2006 survey of parents and students in
public school grades 6—12 showed that most do not be-
lieve that their local schools need much improvement or
that more mathematics and science instruction is neces-
sary. For example, 32% of parents thought their child’s
school should be teaching more mathematics and sci-
ence, whereas 57% thought the current amounts were fine
(Public Agenda 2006). At 70%, parents of high school
students were the most likely (compared with parents of
younger students) to think that no increases were needed.
Concern about this issue has decreased since 1994, when
52% of parents identified not learning enough mathemat-
ics and science as a serious problem, compared with 32%
in 2006. This change may partly reflect increases over
time in student coursetaking in these subjects.

On academic standards, students in grades 6—12 also
expressed some complacency. Only 35% thought it was a

problem at their school that “academic standards are too
low and kids are not expected to learn enough,” and it
was not a high priority among 13 problems rated by stu-
dents. More were concerned about fellow students lack-
ing respect and using bad language, cheating, skipping
school/classes, and “too much pressure to make good
grades.” Even fewer parents (15%) identified “low aca-
demic standards and outdated curricula” as a source of
the most pressing problems in schools (in a question with
different wording).

Active support from school leaders and teachers is
also necessary for reforms to be effective. However,
many educators (particularly leaders) do not agree that
schools need to raise standards or enact other fundamen-
tal reforms. Nearly 80% of both principals and superin-
tendents called it “not a serious problem” that academic
standards were too low and students were not expected to
learn enough. On a related question, 93% of superinten-
dents and 80% of principals evaluated current educational
quality as better than the education they received.

Most parents rated their children’s public schools high-
ly in 2006. The majority believed that when their chil-
dren graduate from high school they will have the skills
needed for employment or success in college (61% and
69%, respectively). Nearly two-thirds (65%) of parents
said that their children were learning more difficult mate-
rial in school than they had in their school days, and 61%
thought their children’s schooling was better than their
own at that age. Despite their satisfaction with schools
overall, parents of different income levels tended to have
divergent opinions. For example, over half of low-income
parents in a 2002 survey (56%) worried a lot about the
low quality of public schools, compared with just 38% of
high-income parents (Public Agenda 2002).
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to rush through material, and they differ widely across states
(Peterson and Hess 2006; Ravitch 2006; Smith 2006).

Disagreement also exists about whether a single set of
standards should apply to all students regardless of their in-
tention to attend college after high school. Whereas stan-
dards defining college readiness generally include specific
courses, standards for work readiness instead tend to focus
on skills, including those specific to a career or industry and
broader skills required for any job (Lloyd 2007).

In 2006 the National Council of Teachers of Mathematics
(NCTM) called for greater classroom focus on fewer high-
priority “focal points” and provided a limited number of spe-
cific skill goals for each grade level (NCTM 2006). Similarly,
a committee of the National Research Council (NRC) recently
urged educators to place continued emphasis on a few funda-
mental concepts over a span of many grades, and to introduce
more complex material related to these concepts as students
mature (NRC 2007). Such strategies enable students to de-
velop a deeper understanding of the concepts over time. These
recommendations build on curriculum standards documents
published earlier by NCTM (2000), the American Association
for the Advancement of Science (1993), and NRC (1996).

Despite years of work on standards, a substantial gap still
exists in most states between the skills and knowledge re-
quired for high school graduation and those needed for col-
lege study and work (Achieve, Inc. 2007; Cohen et al. 2006).
Efforts to bridge these gaps state by state include the High
School Honor States program, which is sponsored by the
National Governors Association (NGA), and the American
Diploma Project (ADP).

The Honor States program awards grants to states to im-
prove high schools by revamping standards and taking other
related actions under NGA leadership (NGA 2007). Funds
support developing exemplary practices using NGA’s guide-
lines, and NGA disseminates findings to policymakers in
other states. One primary goal is to align state standards at
all school levels, including postsecondary, so that students are
prepared to succeed in college courses and the workplace after
they graduate from high school. Among promising practices
noted so far in the Honor States program is providing finan-
cial incentives to support coordination between secondary and
postsecondary educators. A practical example of collabora-
tion between these sectors is administering college placement
tests in high school to make college academic expectations
clear to students. Also, some states have implemented broad
media campaigns to raise students’ and others’ awareness of
the need to prepare adequately for college and work.

The ADP initiative, sharing the Honor States program
goals, provides technical assistance to help educators raise
standards and increase consistency across districts. Tracking
progress toward aligned standards requires developing and
using data systems that follow students from kindergarten
or pre-K through their college years. State education agency
staff were working in 29 states in 2006 with leaders from el-
ementary, secondary, and postsecondary education (includ-
ing representatives of the American Council on Education,
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the National Association of System Heads, and State Higher
Education Executive Officers) and business leaders to up-
grade curriculum standards. Once in place, such “real-world
standards” would help students choose courses and guide
them to expend sufficient effort in high school, reducing the
need for remedial courses in college (Achieve, Inc. 2007)
(see sidebar “The State of State Assessments”).

In 2006, 12 states surveyed by Achieve had curriculum
standards in place that met ADP’s college- and work-read-
iness benchmarks for both mathematics and English curri-
cula (Achieve, Inc. 2007; Cohen et al. 2006). In addition, 27
more states were working to align graduation requirements
with these benchmarks and another 5 states had plans to do
so. Another element of the program covers requiring all stu-
dents to complete specific courses for graduation. The ADP
minimum levels for course requirements include 4 years of
mathematics (including 1 year of algebra II) and 4 years of
college-preparatory or equivalent English courses. On this
measure, 13 states had adopted such requirements by 2006
and another 16 states had plans to do so within a few years
(Achieve, Inc. 2007).

Course Completions by High School Students

Indicators of advanced coursetaking are based on data
from the NAEP High School Transcript Study for the gradu-
ating class of 2005 and for earlier cohorts when examining
trends. The transcript studies gather coursetaking data for
a subset of the overall NAEP sample of 12th graders. (See
sidebar “Advanced Mathematics and Science Courses” for
an explanation of which courses are included as advanced.)

Trends in Course Completions

On average, high school students have completed more
mathematics and science courses since 1990 (appendix
tables 1-9 and 1-10), including more advanced courses in
these subjects. In mathematics in particular, class of 2005
graduates completed courses at higher rates than their 1990
counterparts in all advanced mathematics categories except
trigonometry/algebra III'! (figure 1-5). For example, the pro-
portion of students completing courses in statistics/probability
increased eightfold (to about 8%), and for precalculus/analysis,
any calculus, and AP/IB calculus, it doubled over the 15-year
period. (These jumps were from small initial bases in 1990.)
Such increases likely result from a combination of higher
state requirements, students’ rising postsecondary aspira-
tions, and growing demand for mathematics and logic skills
in the workplace. Nevertheless, relatively small proportions
of 2005 graduates had studied most of these subjects; at
29%, precalculus/analysis had the highest completion rate
of mathematics courses shown.

Students also have registered higher course completion
rates since 1990 in advanced biology, chemistry, and phys-
ics, although rates leveled off between 2000 and 2005 for
these subjects (figure 1-6; appendix table 1-10). Except
for environmental science, the rates of increase were not
as sharp as for most mathematics categories. Whereas 4%
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The State of State Assessments

State-administered tests seek to demonstrate whether
students are achieving at the level required by state stan-
dards; they are also used to track progress in meeting
federal requirements for student proficiency. In the 2006
academic year, 47 states and the District of Columbia ad-
ministered mathematics assessments aligned with state
standards at the elementary, middle, and high school levels
(Editorial Projects in Education 2007). The No Child Left
Behind (NCLB) Act requires assessments in mathematics
by academic year 2005 in each grade 3—8 and one in grades
10-12; and in science by 2007 in at least one grade in el-
ementary, middle, and high school. State-approved science
assessments were thus commonly given but somewhat less
widespread in 2006; for example, 20 states lacked them at
the high school level. In addition, to graduate from high
school in many states, students must surpass a cutoff score
on upper grades tests that include mathematics.

How closely tests are aligned with course standards
and curriculums remains a contested issue (Barton
2006). The American Federation of Teachers (AFT) re-
cently reviewed state assessments and concluded that in
some states, some tests are not sufficiently aligned with
the standards (AFT 2006). Students in these states may
therefore be tested on some skills and material that their
teachers either did not address or covered inadequately,
and their test results would not accurately reflect learning
differences among groups or gains over time. Even tests
with closely aligned content may have other drawbacks,

Figure 1-5

particularly in science. Although written tests can deter-
mine whether students understand elements like scien-
tific concepts, methods of inquiry, and terminology, they
cannot test hands-on laboratory skills.

Experts have also questioned the quality of state
achievement tests, pointing to both the validity of test
items and the scores set for reaching certain achievement
levels. For example, critics charge that some states may
set the minimum score for proficient too low (Petrilli and
Finn 2006; Ravitch 2005). The percentage of students
reaching proficient on many state tests is close to the
percentage reaching the basic level on NAEP, whereas
in other states, percentages for the two tests are similar
(Center for Public Education 2006; NCES 2007c¢). (See
chapter 8 for recent NAEP scores by state.) Moreover,
in an effort to increase the percentage of students consid-
ered proficient (a measure specified in NCLB), and facing
pressure to make continuing progress toward the goal of
universal proficiency by 2014, some state agencies have
lowered the proficient cutoff scores on their tests over
time (Petrilli and Finn 2006), thus undermining progress
toward higher student achievement.

Discrepancies existed between state and NAEP test
results even before NCLB took effect (Fuller et al. 20006).
Although setting and reviewing standards and developing
aligned tests are widely viewed as effective mechanisms
for increasing learning, the details of implementation may
still need to be evaluated and improved over time.

High school graduates completing advanced mathematics courses, by subject: Selected years, 1990-2005

Percent

60
Bi1990 1994 []2000 [M 2005

A0 |

Trigonometry or algebra lll Precalculus or analysis

AP = Advanced Placement; IB = International Baccalaureate.

Statistics or probability

Any calculus AP/IB calculus

SOURCES: National Center for Education Statistics, National Assessment of Educational Progress, 1990, 1994, 2000, and 2005 High School Transcript
Studies; and National Science Foundation, Division of Science Resources Statistics, special tabulations. See appendix table 1-9.
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Advanced Mathematics and
Science Courses

Advanced courses referenced in this section are de-
fined as courses that not all students complete and that
are not, as a rule, required for graduation. However,
whether all courses in certain categories should be cat-
egorized as advanced is debatable. For example, any
chemistry course, even a standard college preparatory
course, is included in the category “any chemistry.”
This point also applies to the categories any physics,
any calculus, and any environmental science.

The “any advanced biology” category is slightly
different from the other categories labeled “any” in
that it includes second- and third-year biology courses
and those designated honors, accelerated, or Advanced
Placement/International Baccalaureate (AP/IB), plus a
range of specialized courses like anatomy, physiology,
and physical science of biotechnology, most of which
are college-level courses. Advanced biology therefore
does not include the standard first-year biology courses
required of nearly all students. Similarly, earth science
courses are not counted here because they are often
(1) required and (2) not advanced, taking the form of
basic survey courses that most students take in 9th or
10th grade. On the other hand, certain courses that
are clearly advanced are not measured here because
they are so rarely studied in high school (for example,
space science/astronomy).

AP/IB courses are all advanced; they aim to teach
college-level material and develop skills needed for col-
lege study. A school’s AP/IB courses are included in the
broader category for the relevant subject as well as in the
separate AP/IB category, which isolates the subset of
courses that meet either of these programs’ guidelines.

Figure 1-6
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of 1990 graduates studied environmental science, this rate
grew to 10% for 2005.

Study of engineering was rare in all years examined,
reaching 1.4% in 2005, but it did exhibit a strong growth
trend between 1990 and 2005 (appendix table 1-10). The
proportion of students taking courses in engineering/science
technologies more than quadrupled over this time period,
reaching nearly 7% in 2005.

Among the AP/IB courses, coursetaking rates doubled
(or more) for calculus and environmental science (since
2000 for the latter) and increased slightly for biology.'
Overall, just less than 10% of graduates completed an AP/
IB calculus course and smaller proportions completed other
AP/IB courses.

That course completions were rising while high school
student test performance showed a mostly flat trend may ap-
pear puzzling. However, the increases in coursetaking may
not yet be sufficient, particularly in science, to significantly
raise average performance or the overall percentage of stu-
dents reaching proficiency. (The increases in coursetaking
have been less pronounced for science than for mathemat-
ics.) Also, the 2005 NAEP mathematics scores cannot fairly
be compared with earlier scores because of the new test
framework for 2005. Therefore, it is unclear whether math-
ematics achievement has recently gone up.

Any number of other factors may also contribute to this
apparent discrepancy, including changes in student charac-
teristics, teacher skills, course content, and how closely the
tests align with curriculum taught. For example, some stu-
dents who in the past would have been unlikely to take these
more advanced courses may have lower cognitive ability,
less motivation, weaker study skills, and, for recent immi-
grants, lesser English skills than the more traditional ad-
vanced course takers. All of these factors could impede test
performance. In addition, teachers of newly added courses
may lack sufficient training to teach those courses effec-
tively or may reduce coverage of material or complexity of

High school graduates completing advanced S&E courses, by subject: Selected years, 1990-2005

Percent

80
W1990 1994 [2000 [M 2005

Advanced biology Chemistry Physics

Environmental science

Engineering Engineering or

science technologies

SOURCES: National Center for Education Statistics, National Assessment of Educational Progress, 1990, 1994, 2000, and 2005 High School Transcript
Studies; and National Science Foundation, Division of Science Resources Statistics, special tabulations. See appendix table 1-10.
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assignments when some students struggle. Students in such
classes may have a reduced opportunity to learn some of the
relevant material and skills.

Course Completions by Class of 2005

Course completion rates differed in the graduating class
of 2005 by several demographic and school characteristics.
Female graduates had a slight edge over males in complet-
ing courses in precalculus/analysis, and historical differenc-
es favoring boys for the other advanced mathematics topics
disappeared by 2005 (figure 1-7; appendix table 1-9). Thirty-
seven percent of males studied physics compared with 33%
of females; males were also more likely to complete an AP/
IB physics course but these differences were not great. Fe-
males studied advanced biology, AP/IB biology, and any
chemistry at higher rates (figure 1-8; appendix table 1-10).
For example, about 45% of young women studied advanced
biology, compared with 33% of young men.

Figure 1-7
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Among 2005 graduates, coursetaking rates also differed
by racial/ethnic group for most course categories. In gener-
al, Asian/Pacific Islanders were the most likely to complete
advanced mathematics and science courses (figures 1-7 and
1-8)."* For example, 25% of Asian/Pacific Islander graduates
studied AP/IB calculus, compared with 11% of whites and
less than 10% of other groups. Asian/Pacific Islander students
were the most likely of all groups to earn credits in precalculus/
analysis, statistics/probability, calculus, chemistry, physics,
and AP/IB classes in calculus, biology, chemistry, and physics.
Black and Hispanic graduates were consistently less likely
than Asian/Pacific Islander and white graduates to complete
most of these advanced courses in mathematics and science;
some exceptions to this pattern occurred with trigonometry/
algebra III, chemistry, environmental science, engineering,
and engineering/science technologies. Black graduates were
the most likely to study environmental science, at 14%,

High school graduates completing advanced mathematics courses, by sex and race/ethnicity: 2005

Percent

80
. Male . Female

60

40

Trigonometry or algebra lll Precalculus or analysis Statistics or probability Any calculus AP/IB calculus
Sex
80
.White, non-Hispanic . Black, non-Hispanic D Hispanic .Asian/Pacific Islander
B0 |
T Bt T e I

Trigonometry or algebra lll Precalculus or analysis

Statistics or probability

AP/IB calculus

Any calculus

Race/ethnicity

AP = Advanced Placement; IB = International Baccalaureate.

SOURCES: National Center for Education Statistics, National Assessment of Educational Progress, 2005 High School Transcript Study; and National
Science Foundation, Division of Science Resources Statistics, special tabulations. See appendix table 1-9.
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Figure 1-8
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High school graduates completing advanced S&E courses, by sex and race/ethnicity: 2005

Percent

80

. Male . Female

—

Advanced biology Any chemistry Any physics Environmental science Engineering Engineering or

s science technologies
ex
80
. White, non-Hispanic . Black, non-Hispanic D Hispanic . Asian/Pacific Islander
- il

Advanced biology Any chemistry Any physics Environmental science Engineering Engineering or

. science technologies
Race/ethnicity

SOURCES: National Center for Education Statistics, National Assessment of Educational Progress, 2005 High School Transcript Study; and National
Science Foundation, Division of Science Resources Statistics, special tabulations. See appendix table 1-10.

compared with 10% for whites and lower percentages for
other groups.

Coursetaking rates for engineering and engineering/
science technologies differed less by race/ethnicity than
they did for other course categories. The introduction of
engineering-related courses in secondary schools is fairly
recent and they remain uncommon; one national organiza-
tion that promotes and supports such courses, Project Lead
The Way, includes in its goals achieving proportionate
racial/ethnic and sex composition of program participants
(see sidebar “Project Lead The Way”).

In addition to graduates’ own demographic characteris-
tics, certain characteristics of their high schools were linked
to the chances that they studied advanced mathematics and
science topics. Graduates of private schools were more like-
ly than those of public schools to study each of the advanced
mathematics subjects except statistics/probability, and each
of the science subjects except advanced and AP/IB biology,

Science and Engineering Indicators 2008

environmental science (regular and AP/IB), and engineering-
related courses (appendix tables 1-9 and 1-10), where apparent
differences were not significant. As the school’s poverty rate
diminished, graduates were more likely to complete many of
the advanced mathematics, science, and engineering courses
(figure 1-9). For some subjects, a significant difference ex-
isted only between schools with very low poverty rates and
all other schools.

Summary

In 2006, nearly all states required at least 2 years of both
mathematics and science for a high school diploma; 3 years
was the most common requirement for both subjects. Stan-
dards governing coursework have expanded in some states
to require specific courses and to raise course difficulty lev-
els to prepare students for college and employment.
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Project Lead The Way

Some prominent STEM professionals have expressed
concern that, as members of the current engineering and
science workforce retire, they will not be replaced in ad-
equate numbers (Business Roundtable 2005; Committee
on Prospering in the Global Economy of the 21st Century
2006). In the former report, 15 leading business organiza-
tions called for the nation to double the number of STEM
graduates by 2015." These organizations argue that not
only has the total number of engineering degrees award-
ed in the United States decreased in recent years (NSB
20006), but the proportion of doctoral degrees in engineer-
ing earned by U.S. citizens or permanent residents has
also been dropping.

Project Lead The Way (PLTW) is a pre-engineering
program that aims to attract more students to engineering
and train them for college study. It requires students to
tackle challenging academic content in middle and high
school to prepare for postsecondary study in engineering
and related technologies. The program, started in 1997—
98 in a few schools, has expanded to more than 1,300
schools in 45 states plus the District of Columbia.

PLTW seeks participation by students of both sexes
and all racial/ethnic groups roughly in proportion to their
share of the population. Evaluation data show that in
2004-05, Asian/Pacific Islander and white students were
overrepresented, and black and Hispanic students under-
represented, when compared with their proportions in the
sampled schools. However, compared with the distribu-
tion of students completing postsecondary degrees in en-
gineering, each group (particularly Hispanics) had closer
to proportional representation in PLTW. Females are se-
riously underrepresented among PLTW completers, con-
stituting about 15% of the total. Program planners expect
that female participation will increase as they introduce

Trends from 1990 to 2005 show increasing proportions
of students studying most advanced mathematics and sci-
ence courses, with growth especially rapid in mathematics.
Students also increased course completions since 1990 in
advanced biology, chemistry, and physics. Despite growth
in AP/IB course completions, fewer than 10% of graduates
completed any AP/IB course.

Asian/Pacific Islander students were the most likely of
all racial/ethnic groups to earn credits in many mathemat-
ics and science subjects, especially in several AP/IB class-
es. Graduates of private schools and schools with lower
poverty rates were more likely than others to study most of
these advanced subjects.

four new biomedical science courses in 2008—09. The
biomedical courses will address topics in microbiology,
physiology, public health, and legal issues.

The curriculums reinforce high-level mathematics and
science content aligned with national standards using en-
gineering applications in electronics, robotics, and manu-
facturing processes. PTLW participants are required to
study college-preparatory mathematics every year in
grades 9-12. Students work, often in teams and using
computers, on challenging problemsolving and analysis
tasks. Students can qualify for college credit through per-
formance on course exams, final grades, and project port-
folios. The project provides curriculums for five 9-week
units for grades 68 and eight high school courses. Middle-
grade units address topics such as modeling, electrons, au-
tomation, robotics, the science of technology, and flight.
High school courses offered currently include foundation
courses such as Principles of Engineering, Engineering
Design, and Digital Electronics; and specialization cours-
es including Civil Engineering and Architecture, Com-
puter Integrated Manufacturing, Aerospace Engineering,
and Biotechnical Engineering. A capstone course requires
advanced students to develop a solution to a complex en-
gineering problem with guidance from a mentor and to
defend their project to external reviewers.

* Organizations contributing to the report (Tapping America’s Poten-
tial) include the Business Roundtable, the U.S. Chamber of Commerce,
the National Association of Manufacturers, and the Council on Com-
petitiveness.

T Although the report presents a dire picture of sharp declines in
STEM degrees earned (particularly in engineering), in reality STEM
degrees as a percentage of all degrees has fluctuated in a fairly narrow
range from 1994 to 2004 at the bachelor’s, master’s, and doctoral levels,
and near the top of the four-decade range for all but master’s degrees
(NSB 2006). Indeed, doctorates in engineering were 13.7% of all doc-
torates awarded in 2004, near the high end of their range since 1966.

Mathematics and Science
Teacher Quality

Of the many factors affecting student learning, teacher
quality is believed to be one of the most important. Re-
search shows that students learn more from teachers who
are skilled, experienced, and know what and how to teach
(Darling-Hammond 2000; Darling-Hammond and Youngs
2002; Goldhaber 2002; Hanushek et al. 2005; Rice 2003;
Wayne and Youngs 2003). The recent federal NCLB Act
has focused a great deal of attention on improving teacher
quality in the nation’s public schools. It legislates the goal
of having a highly qualified teacher in every classroom, and
provides a definition of a “highly qualified teacher” (No
Child Left Behind Act of 2001)."
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Figure 1-9
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High school graduates completing advanced mathematics and other S&E courses, by school poverty level: 2005

Percent
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.Very low .Low DMedium .High

B0 [

Trigonometry or algebra lll Precalculus or analysis

Statistics or probability

Any calculus AP/IB calculus

80

Advanced biology

Any chemistry Any physics

AP = Advanced Placement; IB = International Baccalaureate

Environmental science

Engineering Engineering or

science technologies

NOTE: School poverty level defined as percentage of students eligible for national free/reduced-priced lunch program: very low = <5%, low = 6%-25%,

medium = 26%-50%, and high = 51%-100%.

SOURCES: National Center for Education Statistics, National Assessment of Educational Progress, 2005 High School Transcript Study; and National
Science Foundation, Division of Science Resources Statistics, special tabulations. See appendix tables 1-9 and 1-10.

This section uses data from SASS to examine indica-
tors of teacher quality, focusing on preservice preparation,
degree of congruity between teachers’ field of preparation
and teaching assignment, and years of teaching experience.'¢
The main focus is on mathematics and science teachers in
public middle and high schools' (see sidebar “Demographic
Characteristics of Mathematics and Science Teachers in
U.S. Public Schools™). Although this section draws heavily
on data from the 2003—04 SASS, comparable data from the
1999-2000 SASS are also used to examine changes occur-
ring over time. When possible, measures are analyzed sepa-
rately for schools with differing concentrations of minority
and low-income students.
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Preparation for Teaching

Formal preparation for teaching is typically indicated
by highest degree and types of certification. Although hav-
ing a college degree and certification do not guarantee that
a teacher has the deep grasp of subject matter and the rep-
ertoire of instructional skills necessary for effective teach-
ing (Public Agenda 2006), they represent two indicators of
teacher qualification and are the two basic elements in the
NCLB definition of highly qualified teachers. Experts rec-
ommend that teachers not only study varied aspects of the
profession during preservice education, but also engage in
extensive practical training through practice teaching, which
is often a requirement for completing an educational degree
or state certification, or both (NCTAF 1996; Rice 2003). The
following section examines these aspects of preparation that
teachers engaged in before starting work in the profession.
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Table 1-6
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Educational attainment of public school teachers: Academic years 1999-2000 and 2003-04

(Percent distribution)

Academic year 1999-2000

Academic year 2003-04

Mathematics Mathematics

Highest degree earned All teachers and science All teachers and science
All teachers.......ccooiveiiieiciiiieccc e 100.0 100.0 100.0 100.0
<Bachelors...... 0.7 0.2 1.1 0.3
>Bachelor’s....... 99.3 99.8 98.9 99.7
Bachelor’s .... 52.0 48.4 50.9 50.1
Master’s........ 42.0 45.8 40.8 43.0
SMaSter’s.....c.coviiiiieeieeee e 5.3 5.6 7.2 6.6

SOURCES: National Center for Education Statistics, Schools and Staffing Survey, 1999-2000 and 2003-04; and National Science Foundation, Division of

Science Resources Statistics, special tabulations.

Highest Degree Attainment

In both 1999 and 2003, virtually all public school teach-
ers, including those who taught mathematics and science,
had attained at least a bachelor’s degree and nearly half had
also earned an advanced degree such as a master’s or doctor-
ate (table 1-6). However, mathematics and science teachers
holding graduate degrees were not equally distributed across
schools. In 2003, for example, mathematics and science
teachers in low-poverty schools were more likely than their
colleagues in high-poverty schools to have a master’s degree
or higher (appendix table 1-11).'® Science teachers with a
master’s degree or higher were also more prevalent in low-
minority schools than in high-minority schools.
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Certification Status

In addition to teachers’ formal education, certification is
an important component of their qualifications. Certification
is generally awarded by state education agencies to teachers
who have completed specific requirements. These require-
ments vary across states but typically include completing
a bachelor’s degree, completing a period of practice teach-
ing, and passing some type of formal test(s) (Kaye 2002). Most
teachers complete regular certification programs before begin-
ning to teach. In 2003, 88% of all public school teachers and
84% of mathematics and science teachers held regular or
advanced certification (hereinafter called full certification)
issued by their state (table 1-9). However, fully certified

Demographic Characteristics of Mathematics and Science Teachers in
U.S. Public Schools

In 2003, about 3.2 million teachers were employed in
U.S. public elementary and secondary schools (table 1-7).
About 231,000 were mathematics teachers and 208,000
were science teachers, based on main assignment field
(the subject in which they taught the most classes).

The U.S. public school teaching force increased by
7% from 1999 to 2003; the numbers of mathematics and
science teachers increased even more, by 11% and 14%,
respectively. Most of these increases have occurred in
middle schools or in schools with the highest concentra-
tions of minority and poor students. In contrast, and to
place these increased staffing levels in perspective, pub-
lic school enrollment rose by 3%, from 46.9 million in
1999 to 48.5 million in 2003 (NCES 2006¢).

In both 1999 and 2003, three of every four public
school teachers were female (table 1-8). However, the
predominance of female teachers was less pronounced
at the high school level. In 2003, for example, 56% of
public high school teachers were women. The sex dis-

tribution among public school mathematics and science
teachers reflects the overall pattern.

Public school teachers were also predominantly white.
In both 1999 and 2003, black and Hispanic teachers ac-
counted for 8% and 6%, respectively, and other racial/
ethnic groups accounted for less than 3%. The racial and
ethnic distributions among middle and high school math-
ematics and science teachers resemble the overall pattern.
Although the share of black and Hispanic teachers among
middle and high school mathematics and science teach-
ers appeared to increase between 1999 and 2003, these
changes were not statistically significant.

The average age of the teacher workforce increased
slightly over this period. In 1999, 29% of public school
teachers were at least 50 years old; that percentage rose
to 33% in 2003. Similar trends were also observed among
middle and high school mathematics and science teach-
ers. These trends suggest that more teachers are approach-
ing retirement age and that recruitment needs may exceed
recent levels.
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Table 1-7
Public school teachers, by minority enrollment and school poverty level: Academic years 1999-2000 and
2003-04
All teachers Mathematics teachers Science teachers
Change Change Change

School characteristic 1999-2000 2003-04 (%) 1999-2000 2003-04 (%) 1999-2000 2003-04 (%)

All public schools .................. 2,986,000 3,220,000 7.3 206,000 231,000 10.8 180,000 208,000 13.5

Middle schools................... 517,000 590,000 12.4 65,000 74,000 12.2 59,000 73,000 19.2

Minority enrollment (%)

120,000 89,000 -34.8 15,000 10,000 -50.0 13,000 11,000 -18.2

239,000 274,000 12.8 30,000 33,000 9.1 28,000 33,000 15.2

157,000 227,000 30.8 20,000 30,000 33.3 17,000 29,000 41.4

82,000 67,000 -22.4 12,000 9,000 -33.3 9,000 7,000 -28.6

260,000 331,000 21.5 31,000 39,000 20.5 30,000 39,000 23.1

140,000 190,000 26.3 17,000 25,000 32.0 15,000 26,000 42.3

High schools.........cccccevueenee. 892,000 888,000 -0.5 114,000 117,000 2.6 103,000 102,000 -1.0

Minority enrollment (%)

219,000 159,000 -37.7 26,000 20,000 -30.0 27,000 17,000 -58.8

424,000 390,000 -8.7 55,000 51,000 -7.8 49,000 47,000 -4.3

245,000 339,000 27.7 32,000 47,000 31.9 26,000 39,000 8.3

233,000 166,000 -40.4 30,000 22,000 -36.4 29,000 21,000 -38.1

430,000 520,000 17.3 57,000 70,000 18.6 47,000 59,000 20.3

142,000 165,000 13.9 17,000 22,000 22.7 16,000 18,000 11.1

aSchool poverty level is percentage of students in school qualifying for free/reduced-price lunch. Numbers may not add to total because of rounding.
SOURCES: National Center for Education Statistics, Schools and Staffing Survey, 1999-2000 and 2003-04; and National Science Foundation, Division of

Science Resources Statistics, special tabulations.
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Table 1-8
Demographic characteristics of public school teachers: Academic years 1999-2000 and 2003-04
(Percent)
Race/ethnicity
Sex ng':_e Bnlzﬁl_( Age (years)
Public school teachers Male Female Hispanic Hispanic Hispanic <30 30-39 40-49 50-59 >60
Academic year 1999-2000
All teachers........c.cccceruennee. 251 74.9 84.3 7.5 5.6 17.0 22.0 31.8 26.1 3.1
Middle school................ 28.9 711 83.8 9.0 5.3 18.6 21.1 33.4 24.7 2.2
Mathematics.............. 29.1 70.9 85.2 9.7 3.2 20.8 20.4 31.7 24.6 2.6
Science......ccooeveerenns 36.6 63.4 85.8 7.0 4.3 24.6 21.9 31.7 19.7 2.2
High school ........ 451 54.9 86.1 6.4 5.1 16.1 21.6 30.5 28.6 3.2
Mathematics... 47.5 52.5 87.1 6.0 3.8 21.2 24.7 255 26.3 2.4
SCIENCE ..o 55.2 44.8 87.7 5.7 3.9 17.9 25.9 28.6 24.9 2.6
Academic year 2003-04
All teachers .......c.cccceruennee. 251 74.9 83.1 7.9 6.2 16.6 24.6 25.8 29.0 4.0
Middle school................ 31.1 68.9 82.6 10.1 5.1 16.6 251 26.9 27.9 3.4
Mathematics.............. 32.4 67.6 82.1 12.5 3.7 19.1 28.5 22.6 27.3 2.6
Science......ccocveeienns 41.7 58.3 80.6 11.7 6.1 16.2 24.4 27.5 27.4 4.6
High school .........c......... 43.7 56.3 84.5 7.2 55 15.1 24.6 25.3 30.1 5.0
Mathematics.............. 43.5 56.5 83.6 7.1 6.1 16.6 29.1 24.2 26.3 3.9
SCIENCE...eouviverieniins 51.0 49.0 86.3 6.7 43 16.1 26.8 26.3 25.5 518

NOTES: Racial/ethnic categories Asians/Pacific Islanders, American Indians/Alaska Natives, and “more than one race” not shown because of small
sample sizes. More than one race not a response category in 1999, and thus 1999 and 2003 data are not strictly comparable.

SOURCES: National Center for Education Statistics, Schools and Staffing Survey, 1999-2000 and 2003-04; and National Science Foundation, Division

of Science Resources Statistics, special tabulations.
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teachers were more common in schools with lower propor-
tions of minority and poor students (appendix table 1-12).

In response to a growing demand for teachers because
of increased enrollment and reduced class size, many states
have also developed various alternative certification pro-
grams allowing individuals to become teachers without first
completing a regular certification program (Shen 1997).
Depending on the particular requirements completed, these
individuals are typically awarded probationary, provisional/
temporary, or emergency licenses.”” In 2003, 11% of all
public school teachers and 15% of mathematics and science
teachers held one of these kinds of certification (table 1-9).

Some states still allow public schools to hire teacher can-
didates who do not have a license. However, this practice
has significantly decreased during recent years; between
1999 and 2003, the percentage of public school mathematics
and science teachers who did not have a teaching certificate
declined from 10% to 1%.

Practice Teaching

The majority of public middle and high school mathemat-
ics and science teachers with less than 5 years of teaching
experience (hereinafter called beginning teachers) had par-
ticipated in practice teaching before starting the job; many
had practiced for at least 5 weeks (figure 1-10).2° However,
participation in practice teaching has declined in recent years.
In 1999, 83%—89% of beginning mathematics and science
teachers reported participation in practice teaching for some
period of time. These percentages dropped to 75%—79% in
2003. In addition, teachers with practice teaching were not
evenly distributed across schools: the percentage of begin-
ning mathematics and science teachers who had any practice
teaching was inversely related to school concentrations of
minority and poor students (appendix table 1-13).

Table 1-9
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Figure 1-10

Practice teaching of public middle and high school
teachers with less than 5 years of teaching
experience: Academic years 1999-2000 and 2003-04

Percent

el [l Mathematics [l Science [] Other

85

81

Participated Participated Participated Participated
in practice for >5 weeks in practice for >5 weeks
teaching teaching
Academic year 1999-2000 Academic year 2003-04

SOURCES: National Center for Education Statistics, Schools and
Staffing Survey, 1999-2000 and 2003-04; and National Science
Foundation, Division of Science Resources Statistics, special
tabulations.
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Self-Assessment of Preparedness

Public middle and high school teachers generally felt
well prepared to perform various tasks during their first year
of teaching (figure 1-11), particularly teaching the subject

Type of certification of public school teachers: Academic years 1999-2000 and 2003-04

(Percent distribution)

Academic year 1999-2000

Academic year 2003-04

Mathematics

Mathematics

Type of certification All teachers and science All teachers and science

All teachers.........cccceiiiiiiiciiccecee 100.0 100.0 100.0 100.0
Regular or advanced............c.cceevennee. 86.6 81.0 87.6 84.1
Probationary ........cccccoeiiiiiiiiiiniieeen, 2.8 3.4 3.8 4.7
Provisionary or alternative ................... 3.2 3.6 4.3 6.3
Temporary .......ccceeceeeeaueeenns 1.1 1.3 2.2 2.8
Emergency... 0.6 1.0 0.7 0.7
NONE ..o 5.8 9.8 1.5 1.3

NOTE: Percents may not add to 100 because of rounding.

SOURCES: National Center for Education Statistics, Schools and Staffing Survey, 1999-2000 and 2003-04; and National Science Foundation, Division of

Science Resources Statistics, special tabulations.
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Figure 1-11
Preparedness for first-year teaching of public middle and high school mathematics and science teachers with
less than 5 years of experience, by participation in practice teaching: Academic year 2003-04

Mathematics

Teach subject matter

Assess students

Use variety of instructional methods

Select and adapt curriculum and instructional materials

57 . All teachers
Use computers in classroom instruction 58
55 B Participated in
| practice teaching

Handle classroom management/discipline [] Did not participate in

practice teaching

Science

Teach subject matter

Assess students

Use variety of instructional methods

Select and adapt curriculum and instructional materials

Use computers in classroom instruction

Handle classroom management/discipline

0 20 40 60 80 100
Percent

NOTES: Teachers with <5 years of teaching experience asked about how well they were prepared to perform various tasks during first year of teaching.
Response categories included “very well prepared,” “well prepared,” “somewhat prepared,” and “not at all prepared.” Percentages based on teachers
who responded “very well prepared” or “well prepared.”

SOURCES: National Center for Education Statistics, Schools and Staffing Survey, 2003-04; and National Science Foundation, Division of Science
Resources Statistics, special tabulations.
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matter (79%-91%). Mathematics teachers were more likely Teacher confidence about preparation for their first teach-
than science teachers to report feeling that they had strong ing job was related to practice teaching. Beginning math-
preparation for various tasks except for using computers to ematics and science teachers who participated in practice
teach. In general, beginning teachers who taught in schools teaching were more likely than their counterparts without
with lower minority enrollment and poverty rates expressed any practice teaching to report feeling well prepared to per-
more confidence about handling their first teaching assign- form various teaching tasks (figure 1-11).

ment (appendix table 1-14).



1-30 ¢

Match Between Teacher Preparation and
Assignment

Over the past decade, no issue related to teacher qual-
ity has received more attention than out-of-field teaching in
the nation’s middle and high schools (Ingersoll 2003; Jerald
2002; Peske and Haycock 2006). This issue is crucial be-
cause even well-educated and fully certified teachers may be
unqualified, in practical terms, if they are assigned to teach
subjects for which they have little formal preparation. To de-
termine how many teachers are teaching their subjects with-
out specific kinds of formal training in those subjects, efforts
have focused on the nature of teacher qualifications (post-
secondary coursework or state certification in their teach-
ing assignment field) (Ingersoll 1999, 2003; NCTAF 1996).
Teachers without qualifications in their teaching assignment
fields are described as teaching out of field.

The following indicators use SASS data to examine the
scope of out-of-field teaching among public middle and high
school mathematics and science teachers in academic year

Chapter 1. Elementary and Secondary Education

2003. The sidebar “In-Field and Out-of-Field Teaching”
provides the detailed definitions used in this section.

Mathematics

In 2003, over half (54%) of mathematics teachers in pub-
lic middle schools were teaching in field (table 1-10). Five
percent were teaching out of field; that is, they taught mathe-
matics with neither a major nor certification in mathematics,
related fields, or general education. At the high school level,
a substantial majority of mathematics teachers were in field
(87%), and about 8% were teaching out of field.

Biologicall/Life Sciences

More than half (55%) of biology/life science teachers
(hereinafter called biology teachers) at the middle school
level were teaching in field. About 10% of middle school
biology teachers were teaching out of field, about twice the
proportion of middle school mathematics teachers. The vast
majority of high school biology teachers (92%) were teach-
ing in field, and 3% were teaching out of field.

In-Field and Out-of-Field Teaching

Different researchers (and previous editions of /n-
dicators) have defined out-of-field teaching in different
ways (Ingersoll 1999, 2003; McGrath, Holt, and Seast-
rom 2005; Seastrom et al. 2002). Estimates of how wide-
spread out-of-field teaching is depend on how strictly
the concept is defined. This section uses a four-level in-
dicator of the linkage between preparation for teaching
science and mathematics courses and the main teaching
assignment reported by teachers in SASS.

In the following definitions full certification includes
regular, advanced, or probationary certification status.
Major refers to the field of study for an undergraduate or
graduate degree. Unlike related concepts used in the re-
search literature, this definition recognizes general prepa-
ration. State certification regulations vary about whether
they treat middle-grade teachers more like elementary
teachers (thus requiring a general education credential
that covers some preparation in core academic subjects)
or more like secondary teachers (requiring single-subject
credentials). In some states, the most common type of
certification for middle-grade teachers is a general el-
ementary certificate.

The four levels of the indicator are as follows (in de-
creasing strength of linkage between teacher preparation
and the teacher’s main assignment field).

In-field. In-field teachers have either a major or full
certification in their main teaching field, or both. For ex-
ample, a mathematics teacher is in field if he or she ma-
jored in mathematics or is fully certified in mathematics.

Related-field. Related-field teachers have either a
major or full certification in a field related to their main
teaching field, or both. For example, a related-field math-

ematics teacher has a major or full certification in com-
puter science, engineering, or physics.

General preparation. General preparation teachers
have either a major or full certification in general ele-
mentary, middle, or secondary education. For example, a
physics teacher has general preparation if he or she has a
major or full certification in general elementary, middle,
or secondary education.

Out-of-field. Out-of-field teachers have neither a ma-
jor nor full certification in their main teaching field, a re-
lated field, or general elementary, middle, or secondary
education. For example, a biology/life science teacher
is teaching out-of-field if he or she has neither a major
nor certification in biology, a related field (e.g., physics,
chemistry, earth science), or general elementary, middle,
or secondary education.

This indicator cannot be used as a gauge of teacher
competence because indicators of quality teaching include
many other characteristics that are difficult and costly to
measure, such as commitment to the profession, sense of
responsibility for student learning, and ability to motivate
students and diagnose and remedy their learning difficul-
ties. Nevertheless, research, policy, and legislation (e.g.,
NCLB) point to in-field teaching as a desirable national
goal, and states, schools, and school systems administra-
tors can look to this indicator as they engage in efforts to
improve teaching.

The discussion in this section focuses on the polar cat-
egories of in-field and out-of-field teaching. Appendix
table 1-15 also provides data on the nation’s teachers of
mathematics, biology/life science, and physical sciences
who fall between these two extremes.
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Table 1-10

In-field and out-of-field teaching of public
middle and high school mathematics, biology/
life science, and physical science teachers:

Academic year 2003-04
(Percent)
In-field Out-of-field
Level/field teaching teaching
Middle school
Mathematics ............ccceeueennne 53.5 5.1
Biology/life sciences... 54.8 9.5
Physical sciences ................ 32.7 3:l
High school
Mathematics ............ccceceee 87.4 7.5
Biology/life sciences... 91.9 3.2
Physical sciences ................ 78.1 1.5

SOURCES: National Center for Education Statistics, Schools and
Staffing Survey, 2003-04; and National Science Foundation, Division
of Science Resources Statistics, special tabulations. See appendix
table 1-15.
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Physical Sciences

Overall, physical science teachers were less qualified on
this indicator than mathematics and biology teachers. At the
middle school level, 33% of physical science teachers were
teaching in field and 3% were teaching out of field. At the
high school level, 78% of physical science teachers were
teaching in field and 2%, out of field.

Variation Across Schools

In-field and out-of-field teachers were not distributed even-
ly across schools (appendix table 1-15). In general, mathemat-
ics and science teachers in schools with lower concentrations
of minority and poor students were more likely to be teaching
in field, and those in schools with higher concentrations of
minority and poor students were more likely to be teaching
out of field. Among high school mathematics teachers, for
example, 10% of those in high-minority schools taught math-
ematics out of field compared with 3% of their counterparts
in low-minority schools. Among high school physical science
teachers, 86% in low-poverty schools were teaching in field,
compared with 77% in high-poverty schools.

Teaching Experience

Although experience does not guarantee quality teach-
ing, empirical evidence indicates that teachers who have
at least several years of teaching experience are generally
more effective than new teachers in helping students learn
(Fetler 1999; Hanushek et al. 2005; Murnane and Phillips
1981; Rivkin, Hanushek, and Kain 2000; Rowan, Correnti,
and Miller 2002). The following discussion focuses on new
mathematics and science teachers (those with 3 or fewer
years of teaching experience) and how they are distributed
across schools.
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In 2003, new teachers made up 17%—-22% of mathematics
teachers and 15%—19% of science teachers in public middle
and high schools (appendix table 1-16). At the middle school
level, the proportion of new teachers was greater among
mathematics teachers (22%) than among science teachers or
teachers in other fields (15% for both). The difference was
not observed at the high school level, however. In general,
high-minority and high-poverty schools were more likely
than low-minority and low-poverty schools to have new
mathematics and science teachers. This was particularly true
for mathematics teachers in middle schools: in high-minority
and high-poverty middle schools, 28%—33% of mathematics
teachers were new teachers, but in low-minority and low-
poverty schools, the percentages were 15%—18%.

Summary

Virtually all public school mathematics and science teach-
ers had a bachelor’s degree and nearly 9 in 10 held full state
certification. The majority of beginning mathematics and
science teachers in public middle and high schools had also
participated in practice teaching before starting their first
teaching job, although the percentage of teachers with prac-
tice teaching experience declined from 1999 to 2003. Teach-
ers with preservice practice teaching had greater confidence
about their ability to handle their first teaching assignment.

More than three-fourths of mathematics and science teach-
ers in public high schools were teaching in field. However,
in-field teaching was less common at the middle school level.
Overall, out-of-field teaching ranged from 3% of physical sci-
ence teachers to 10% of biology teachers in middle schools
and from 2% of physical science teachers to 8% of mathemat-
ics teachers in high schools. All indicators examined in this
section showed a general pattern of unequal access to the most
qualified teachers: low-minority and low-poverty schools
were more likely than high-minority and high-poverty schools
to have teachers with more education, better preparation and
qualifications in their field, and more experience.

Professional Development of
Mathematics and Science Teachers

Teacher professional development is a major component
of current reform policies (Cohen and Hill 2001; Darling-
Hammond 2005; Hirsch, Koppich, and Knapp 2001; Little
1993) (see sidebar “State Professional Development Policies
for Teachers”). To help all students meet the high educa-
tional standards necessary to participate in the global work-
force, today’s teachers are being called on to provide their
students with a high-quality education and to teach in ways
they have never taught before. The nature and magnitude of
changes demanded by these reform policies require a great
deal of learning on the part of teachers. Ongoing profes-
sional development provides a vehicle for teachers to gain
such learning (NCTAF 1997; NRC 2007). Research has
demonstrated that sustained and intensive participation in
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State Professional Development
Policies for Teachers

For two decades, the U.S. government has made
teacher professional development a component of its
reform efforts (Little 1993; Porter et al. 2000), and
many states have developed and implemented poli-
cies designed to promote participation in professional
development (CCSSO 2005, 2007; Editorial Projects
in Education 2006). A total of 48 states required pro-
fessional development for teacher license renewal in
both 2002 and 2006 (table 1-11). Between 2004 and
2006, the number of states that had standards in place
for professional development increased from 35 to 40,
as did those that financed professional development
programs (37 to 39), provided professional develop-
ment funds for all districts in the state (27 to 31), and
required districts or schools to set aside teacher time
for professional development (13 to 15). In 2006, 15
states also required and financed mentoring programs
for all novice teachers.

Table 1-11

States with various professional development
policies for teachers: 2004 and 2006

Statewide policy 2004 2006
Required professional development for
: 482 48
teacher license renewal............ccccceceeee
Wrote professional development 35 40
standards........cccceiiiiieeie
Financed professional development ......... 37 39
Financed professional development for
R 27 31
all districts in state...........cccveiiiiiiiiienns
Required and financed mentoring for all
. 16 15
novice teachers ..........cccceeeeiiieiieiieenenns
Required districts/schools to set aside
time for professional development......... i3 15

a2002 count.

SOURCES: Council of Chief State School Officers, Key State
Education Policies on PK-12 Education: 2002 (2002); Key State
Education Policies on PK-12 Education: 2006 (2007); Editorial
Projects in Education 2005, State of the states, Education Week:
Quality Counts 24(17); and Quality counts at 10: A decade of
standards-based education, Education Week: Quality Counts 2006
25(17).
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high-quality professional development can change teacher
attitudes, behaviors, and the instructional practices they use
in the classroom (Banilower et al. 2005; Garet et al. 2001;
Guskey 2003; Hawley and Valli 2001; Porter et al. 2000).
Furthermore, student learning increased when their teachers
changed in these ways (Cohen and Hill 2000; Desimone et
al. 2002; Holland 2005; Wenglinsky 2002).

Chapter 1. Elementary and Secondary Education

This section examines several indicators of teacher profes-
sional development, including new teacher induction; features
of teacher participation in professional development (i.e., con-
tent, duration, format, and extent of collaboration); teacher
assessments of the usefulness of professional development
activities; and their priorities for future activities. These indi-
cators help determine the extent to which effective features of
professional development exist at the national level.

New Teacher Induction

Research suggests that teachers with less experience, par-
ticularly those in their first year of teaching, are less effec-
tive in the classroom (Murnane and Phillips 1981). Without
sufficient support and guidance, novice teachers may reduce
their commitment to teaching and may leave the profes-
sion altogether (Smith and Ingersoll 2004; Smith and Row-
ley 2005). Teacher induction programs are designed at the
school, local, or state level to assist and support beginning
teachers in their first few years of teaching (Fulton, Yoon,
and Lee 2005).2! The purpose is to help new teachers improve
professional practice, deepen their understanding of teaching,
and prevent early attrition (Britton et al. 2003; Smith and In-
gersoll 2004). One key component of such programs is that
new teachers are paired with mentors or other experienced
teachers to receive advice, instruction, and support.

Participation in induction and mentoring programs has
been fairly common and has become more so in recent years.
In 2003, 68%—72% of beginning mathematics and science
teachers in public middle and high schools reported that they
had participated in a formal teacher induction program or had
worked closely with a mentor teacher during their first year
of teaching (appendix table 1-17). However, smaller propor-
tions of these teachers had worked closely with a mentor in
the same subject field (50%—52%). Teacher participation in
induction and mentoring programs was lower in schools with
high concentrations of minority and low-income students.

Ongoing Professional Development

Almost all teachers participate in some form of profession-
al development activities every school year (Choy, Chen, and
Bugarin 2006; Scotchmer, McGrath, and Coder 2005). It is
important not only to make professional development acces-
sible to teachers, but also to identify features that bring about
positive changes in teaching practices and student learning
and to build these features into the activities (Elmore 2002;
Garet et al. 2001; Guskey 2003; Hawley and Valli 2001;
Loucks-Horsley et al. 2003). Recognizing this new need, the
education research community began to develop a knowledge
base of what constitutes effective professional development
programs. Several key features have been identified that are
linked to positive change in teacher knowledge and instruc-
tional practices, including content focusing on teacher subject-
matter knowledge or how students learn the subject content;
programs of long and sustained duration (recent research sug-
gests at least 80 hours); program content integrated into teach-
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ers’ daily work, rather than removed from the context of direct
teaching (as in traditional workshops); and emphasis on a team
approach and collaboration among teachers (Banilower et al.
2005; Clewell et al. 2004; Cohen and Hill 2000; Desimone et
al. 2002; Garet et al. 2001; Porter et al. 2000). The following
indicators examine the extent to which public middle and high
school mathematics and science teachers participated in pro-
fessional development that had these characteristics.

Content

Professional development activities tend to focus on a few
topics and teaching skills, frequently on the teacher’s main
teaching subject. In 2003, more than 70% of mathematics,
science, and other subject-area teachers in public middle
and high schools reported participation in professional de-
velopment that focused on the content of the subjects they
taught (figure 1-12). Another frequent topic of professional
development is using computers for instruction: 64%—67%
of teachers reported receiving professional development on
this topic. Relatively fewer teachers (38%—45%) participat-
ed in professional development related to student discipline
and classroom management.

Participation rates varied across schools. Mathematics
and science teachers who taught in high-minority and high-
poverty schools were more likely than those in low-minority
and low-poverty schools to report receiving professional de-
velopment on subject matter and on student discipline and
classroom management (appendix table 1-18).%

Duration

Recent research emphasizes intensive participation as a
critical feature of effective professional development. Teach-
ers are likely to benefit more from professional development
programs that are sustained over an extended period of time

Figure 1-12

Professional development of public middle and high
school teachers during past 12 months, by topic:
Academic year 2003-04

Percent

100

| [l Mathematics [l Science [ Other

80
60|
40|

20—

Content of Use of Student discipline
subject(s) computers and classroom
taught for instruction management

SOURCES: National Center for Education Statistics, Schools and
Staffing Survey, 2003-04; and National Science Foundation,
Division of Science Resources Statistics, special tabulations. See
appendix table 1-18.

Science and Engineering Indicators 2008

¢ 1-33

and involve a significant number of hours. Some studies
recommend at least 60—80 hours to bring about meaningful
change in teaching practice (Banilower et al. 2005; Supovitz
and Turner 2000; Weiss, Banilower, and Shimkus 2004).
However, few teachers participated in professional develop-
ment programs for this amount of time. In 2003, between
4% and 28% of mathematics and science teachers in public
middle and high schools reported attending professional de-
velopment on various topics for 33 or more hours over the
course of a school year (figure 1-13). Most teachers received
9-32 hours of professional development on their subject
matter or 8 or fewer hours of professional development on
using computers for classroom instruction or on student dis-
cipline and classroom management.”® Thus, the amount of
time teachers devoted to professional development may be
less than research suggests may be optimal.

Formats

The format of professional development refers to the way
in which a professional development activity is delivered.
For many years, teacher professional development has been
primarily through district- or school-sponsored workshops,
conferences, and training sessions (Choy and Chen 1998;
Choy, Chen, and Bugarin 2006; Parsad, Lewis, and Farris
2001). In 2003, more than 90% of public middle and high
school mathematics, science, and other subject-area teachers
participated in professional development through workshops,
conferences, and training sessions (figure 1-14). Although

Figure 1-13

Professional development of public middle and
high school teachers during past 12 months, by
topic and time spent: Academic year 2003-04

— T T
[l <shours [l 9-32 hours [] >33 hours
Mathematics | | | |
Content of
. 0
subject(s) taught 2
Use of computers Y 13
for instruction

Student discipline and
classroom management

66 8 5

Science
Content of 0 25
subject(s) taught

Use of computers 12
for instruction

Student discipline and
classroom management

0 20 40 60 80 100
Percent

SOURCES: National Center for Education Statistics, Schools and
Staffing Survey, 2003-04; and National Science Foundation,
Division of Science Resources Statistics, special tabulations.
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Figure 1-14
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Professional development of public middle and high school teachers during past 12 months, by format: Academic

year 2003-04

Percent

100

92

80 |

60

40 |

20

Workshops, conferences,

training sessions to teaching

. Mathematics . Science D Other

University courses related

Observational visits to
other schools

Engaging in research
on a topic of interest

SOURCES: National Center for Education Statistics, Schools and Staffing Survey, 2003-04; and National Science Foundation, Division of Science

Resources Statistics, special tabulations.

some teachers took postsecondary courses, the percentages
were much lower (35%-37%). Participation in such activi-
ties as visiting other schools or conducting research on a
topic of interest was also not common (14%—43%).%*

Collaborative Participation

Collaborative participation, which involves professional
development designed for groups of teachers from the same
school, department, and grade level, fosters cooperation and
interaction among teachers (Garet et al. 2001; Desimone et
al. 2002). Two constructs were used here to measure this
concept, regularly scheduled collaboration with other teach-
ers on issues of instruction and participation in mentoring,
peer observation, or coaching. Based on these measures,
teacher collaboration was common. In 2003, about two-
thirds of public middle and high school mathematics, sci-
ence, and other subject-area teachers reported that they had
collaborated regularly with other teachers on matters of
instruction (figure 1-15). More than 70% of these teachers
reported that they had participated in peer observation, men-
toring, or coaching activities.?

Teacher Assessment of Professional
Development

Were professional development activities useful to teach-
ers? Teachers’ assessments of their professional develop-
ment activities were generally positive. In 2003, 62%—-69%
of mathematics, science, and other subject-area teachers in
public middle and high schools rated activities on subject
content and use of computers for instruction as “useful” or
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“very useful” (appendix table 1-19). Between 53% and 59%
of participants gave similar ratings to the topic of student
discipline and classroom management.

Teachers’ assessments were strongly related to the
amount of time they spent on these activities. For each topic,
the more time teachers spent in professional development,
the more likely they were to indicate that it was useful or
very useful. This relationship held for mathematics, science,
and other subject-area teachers.

Figure 1-15

Collaborative professional development activities
of public middle and high school teachers:
Academic year 2003-04

Percent

100

| I Mathematics [l Science [ Other
80

66 65

60

40

20

Mentoring, peer
observation, or coaching

Regularly scheduled
collaboration with other
teachers on issues
of instruction

SOURCES: National Center for Education Statistics, Schools and
Staffing Survey, 2003-04; and National Science Foundation, Division
of Science Resources Statistics, special tabulations.
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Teacher Priorities for Professional
Development

In addition to assessing the usefulness of the programs
they attended, teachers identified their priorities for future
professional development. Public middle and high school
mathematics and science teachers rated their main subject
field and the use of technology for instruction as their top
interest for future professional development (appendix table
1-20). Teachers in other subject areas had somewhat dif-
ferent priorities. Although the main subject field was also
their top pick (24%), many also chose student discipline and
classroom management (19%) and teaching students with
special needs or limited English proficiency (18%).

Teachers in different types of schools had different pri-
orities. For example, mathematics and science teachers in
high-minority and high-poverty schools were more likely
to identify student discipline and classroom management as
their top priority, whereas their colleagues in low-minority
and low-poverty schools were more likely to pick the con-
tent of the main subject field.

Summary

Induction and mentoring programs are designed to help
new teachers become more effective and stay in teaching.
These programs are presently widely implemented in public
schools. Teacher participation in professional development
was also common. In 2003, for example, more than 70%
of public middle and high school mathematics and science
teachers reported participation in professional development
that focused on the content of the subject matter they taught.
However, although recent research has found that intensive
participation lasting at least 60—80 hours might be neces-
sary to bring about meaningful change in teaching practice,
just 4%—-28% of mathematics and science teachers in public
middle and high schools attended a professional develop-
ment program for 33 hours or more over a school year, sug-
gesting that the current amount of time devoted to teacher
professional development may not be enough.

The majority of teachers participated in professional de-
velopment by attending workshops, conferences, and train-
ing sessions. Most teachers indicated that the professional
development programs in which they participated were use-
ful, especially those that emphasized the content of their
subject matter and the use of computers for instruction.
Teachers also rated more highly professional development
programs that were of longer duration.

Teacher Salaries, Working Conditions,
and Job Satisfaction

The challenge of staffing the nation’s schools with highly
qualified teachers has turned policymaker and researcher at-
tention to the issues of hiring and retention. Reports of diffi-
culty in hiring teachers in elementary and secondary schools
began to emerge in the early 1990s and have continued in
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recent years (Arnold and Choy 1993; BHEF 2007; Brough-
man and Rollefson 2000; Carroll, Reichardt, and Guarino
2000; Guarino, Santibanez, and Daley 2006; Murphy, DeAr-
mond, and Guin 2003; NCTAF 1996, 2003). Although there
have been various explanations for this situation,*® current
research suggests that in recent years hiring difficulty was
primarily caused by large numbers of teachers leaving the
profession before regular retirement age (Cochran-Smith
2004; Ingersoll 2001, 2004, 2006; Merrow 1999; Wayne
2000) (see sidebar “Attrition From Teaching”). Filling va-
cancies, seeking qualified candidates, and introducing and
mentoring new teachers all involve financial costs (Brenner
2000). The consequences could be even worse if unqualified
or partially qualified individuals have to be hired to replace
those who leave (NCTAF 2003).

Why do teachers leave their jobs before retirement? What
makes them want to stay in the profession? Researchers have
addressed these important questions (Guarino, Santibanez,
and Daley 2006). Although many factors can influence teach-
ers’ decisions about leaving or staying in their jobs, results
from past research consistently indicate that teacher work-
ing conditions and salary levels are critical in such decisions
(Boyd etal. 2005; Dolton and Wilbert 1999; Hanushek, Kain,
and Rivkin 2004; Ingersoll 2006; Loeb, Darling-Hammond,
and Luczak 2005; Perie and Baker 1997). The research evi-
dence suggests that adequate compensation and safe and
supportive school environments serve to attract and retain
teachers, whereas low pay and poor working conditions un-
dermine teachers’ long-term commitment to their jobs.

This section examines several indicators related to teacher
working conditions, including their salaries, perceptions of
their work environments, overall job satisfaction, and will-
ingness to continue to teach. To provide a context for such a
discussion, the section begins by examining whether there has
been an insufficient number of teachers in mathematics and
science in recent years. It concludes by looking at how various
aspects of teacher work environments are linked to their long-
term commitment to teaching as a career and profession.

Teaching Vacancies in Mathematics
and Science

Researchers have used various methods to determine the
extent of any possible teacher shortage,”’” including count-
ing the number of teachers holding alternative or emergency
licenses; estimating the net effects of student enrollment,
teacher retirement, and teacher attrition; and assessing
teaching vacancy rates (Arnold and Choy 1993; Broughman
and Rollefson 2000; Carroll, Reichardt, and Guarino 2000;
Guarino, Santibanez, and Daley 2006; Henke et al. 1997,
Murphy, DeArmond, and Guin 2003). Although none of
these methods has proven perfect, researchers found some
consistent patterns: teacher shortages existed in specific sub-
ject fields, in geographic locations, and in some individu-
al schools. For example, teacher shortages occurred more
frequently in certain states where the population grew fast
because of immigration and high rates of childbirth (e.g.,
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California, Texas, and Florida); in specific subjects such as
mathematics, science, special education, and bilingual edu-
cation; and in schools located in high-poverty areas (Boe et
al. 1998; Howard 2003; Wayne 2000). The following anal-
ysis uses school reports of teaching vacancies to evaluate
whether there were insufficient numbers of mathematics and
science teachers in public secondary schools.
Administrators of schools that participated in SASS were
asked whether, in the current school year, their schools had
vacancies in various fields (i.e., teaching positions needing
to be filled) and how difficult it was to fill these vacant posi-
tions. The majority of public secondary schools experienced
teaching vacancies in one or more fields (figure 1-16). The
vacancy rate decreased somewhat during recent years; still,
80% of public secondary schools reported teaching vacan-

Figure 1-16
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cies in 2003. In both 1999 and 2003, mathematics was one of
the fields that had a relatively high vacancy rate. In 2003, for
example, 74% of public secondary schools with any teach-
ing vacancy reported at least one vacant position in mathe-
matics. Vacancy rates for biology/life and physical sciences
were also high, with 52%-56% reporting at least one vacant
position in these fields.

The data in figure 1-16 further reveal that mathematics
and physical sciences were among the most difficult fields
in which to find teachers in both 1999 and 2003.%® Although
this situation has improved during recent years, close to one-
third of public secondary schools with teacher vacancies in
mathematics and physical sciences in 2003 either found them
very difficult to fill or were unable to do so. Although sec-
ondary schools had a high teacher vacancy rate in biology/

Teaching vacancies at public secondary schools, by subject: Academic years 1999-2000 and 2003-04

Schools with vacancies in various subjects

Schools that found it very difficult to or
could not fill vacancies in subject
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English/
language arts
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current school year. Secondary schools had any of grades 7-12 and none of

grades K-6. Schools with any vacancy are base (denominator) in left panel (88% in 1999-2000, 80% in 2003-04); schools with vacancy in subject listed in

left panel are base for corresponding subject in right panel.
SOURCES: National Center for Education Statistics (NCES), Schools and

Staffing Survey, 1999-2000; and Strizek GA, Pittsonberger JL, Riordan KE,

Lyter DM, Orlofsky GF, Characteristics of Schools, Districts, Teachers, Principals, and School Libraries in the United States: 2003-04, NCES 2006-313

(2008).
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life sciences, teachers in these fields were relatively easier to
find than they were in mathematics or physical sciences.

Teacher Salaries

Teachers (particularly mathematics and science teachers)
who leave the profession or move to other schools often cite
low pay as a main reason for doing so (Bobbitt et al. 1994;
Guarino, Santibanez, and Daley 2006; Ingersoll 2006; Leu-
kens, Lyter, and Fox 2004; NSB 2006). Indeed, among pro-
fessions requiring a minimum of a bachelor’s degree, teaching
is a relatively low-paying profession. In 2003, the annual me-
dian salaries for full-time high school mathematics and sci-
ence teachers and all full-time elementary school teachers
were $43,000 and $41,000, respectively, far below those of
professions requiring comparable educational backgrounds
(e.g., computer systems analysts, engineers, accountants or
financial specialists, and protective service workers) (table
1-12). Moreover, the salary increases for teachers lagged be-
hind those who worked in other professions. Between 1993
and 2003, full-time high school mathematics and science
teachers had a real salary gain of 8%, compared with increases
of 21%-29% for computer systems analysts, accountants or
financial specialists, and engineers. Similar results have been
reported elsewhere (AFT 2005; Allegretto, Corcoran, and
Mishel 2004). Although the difference in the number of weeks
worked between teachers and those in other professions may
explain some of the salary gaps, it cannot explain why these
gaps grew over the years. If teaching salaries are not competi-
tive with those offered in other professions requiring compa-
rable education and skills, it may be difficult to retain teachers
(especially those in mathematics and science) who may find
more lucrative opportunities elsewhere.

Table 1-12
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When asked to rate their satisfaction with their salaries,
more than one-half of public middle and high school mathe-
matics and science teachers expressed dissatisfaction (figure
1-17). Those in high-poverty schools were more likely than
their colleagues in low-poverty schools to be unhappy with
their salaries.

Figure 1-17

Public middle and high school mathematics and
science teachers not satisfied with salary, by
minority enroliment and school poverty level:
Academic year 2003-04

Percent
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NOTE: School poverty level is percentage of students in school
qualifying for free/reduced-price lunch.

SOURCES: National Center for Education Statistics, Schools and
Staffing Survey, 2003-04; and National Science Foundation, Division
of Science Resources Statistics, special tabulations.
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Median annual salaries of full-time school teachers and selected other professions: 1993 and 2003

(2003 constant dollars)

Full-time professionals 1993 2003 Change (%)
Teachers
High school mathematics and science............cccvveeeeriiiiiienens 40,000 43,000 7.5
Elementary SChOOl ........cooouiiiiieee e 38,000 41,000 7.9
Selected other professions
Computer systems analysts .........ccccceeveeriiiiniieiiinie e 56,000 72,000 28.6
Accountants, auditors, and other financial specialists . 50,000 61,000 22.0
ENQINEEIS ... 62,000 75,000 21.0
Protective service WOrKers............uuuueeueeeumeiuieiiiseenes 46,000 50,000 8.7
SOCIAl WOIKEI'S ...eeeieeeiiiieiee et e et e e e e e snae e e e e e eeanes 36,000 40,000 111
Retail sales occupations.................. 34,000 40,000 17.6
Clergy and other religious workers 35,000 38,000 8.6

NOTES: 1993 salaries indexed to 2003 salaries using chain-type price index for personal consumption expenditures from Economic Report of the
President 2006, table B-7 (column C), http://www.gpoaccess.gov/eop/index.html, accessed 27 December 2006. All respondents had bachelor’s

or higher degree.

SOURCE: National Science Foundation, Division of Science Resources Statistics, National Survey of College Graduates 1993 and 2003, special

tabulations.
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Attrition From Teaching

Concerns about K—12 teacher shortages, teacher qual-
ity, and the cost of keeping high-quality instructors in the
nation’s schools have led policymakers to focus attention
on teacher attrition and to identify it as one of the most
serious problems occurring today in the teaching profes-
sion (NCTAF 2003). A recent national study revealed
that 8% of all public K—12 school teachers in the 2003—
04 academic year had left the teaching profession by the
following year (Marvel et al. 2007). For public school
mathematics and science teachers, about 6%—7% had left.
Although the attrition rates of all teachers have continued
to increase over time, the attrition rates for mathematics
and science teachers appeared to level off in recent years
(figure 1-18).

Another study (Henke, Cataldi, and Nevill forthcom-
ing) focused on the attrition of a segment of new teachers
(recent college graduates who taught any of grades K—12
immediately following receipt of a bachelor’s degree)
and compared their occupational stability with individu-

Figure 1-18

als in other occupations. The results of this study suggest
that movement among different occupations is common
and that teaching is actually one of the more stable oc-
cupations in terms of attrition. As shown in figure 1-19,
among recent college graduates working in April 1994,
34% were working in the same occupational category in
2003, and 54% had made a change in occupation. In con-
trast, of those working as K—12 teachers in 1994, 61%
were still doing so in 2003, and only 21% had left teach-
ing for nonteaching jobs. Teachers were more likely to
remain in the same occupation than most other profes-
sionals, including those with comparable education such
as legal professionals and legal support personnel, engi-
neers, scientists, laboratory and research assistants, and
computer and technical workers. Although recent col-
lege graduates do not represent the teaching workforce
as a whole, in this study they indicate the job stability of
teachers relative to that of other professionals.

One-year attrition rate of public school teachers: Selected academic years, 1988-89 to 2004-05

Percent

10
M 1988-89 M 1991-92 []1994-95 [l 2000-01 [ |2004-05

8.4

All teachers

Mathematics teachers

Science teachers

SOURCES: Whitener SD, Gruber KJ, Lynch H, Tingos K, Perona M, Fondelier S, Characteristics of Stayers, Movers, and Leavers: Results From the
Teacher Follow-up Survey: 1994-95, National Center for Education Statistics (NCES), NCES 97-450 (1997); Luekens MT, Lyter DM, Fox EE, Teacher
Attrition and Mobility: Results from the Teacher Follow-up Survey, 2000-01, NCES 2004-301 (2004); and Marvel J, Lyter DM, Peltola P, Strizek GA,
Morton BA, Teacher Attrition and Mobility: Results from the 2004-05 Teacher Follow-up Survey, NCES 2007-307 (2006).

Teacher Perceptions of Working Conditions

Like salaries, working conditions also play a critical role
in determining the supply of qualified teachers and in influ-
encing their decisions about remaining in the profession. Re-
search shows that safe environments, strong administrative
leadership, collegial cooperation, high parental involvement,
and sufficient learning resources can improve teacher effec-
tiveness, enhance their commitment to school, and promote
their job satisfaction (Darling-Hammond 2003; Guarino,
Santibanez, and Daley 2006; McGrath and Princiotta 2005).
Characteristics of a school’s student body are also important
in increasing teacher satisfaction and keeping them in the
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profession. Students who go to school ready to learn, obey
school rules, show respect for their teachers, and exhibit
good learning behaviors not only can contribute to a positive
school climate, but also can increase teacher enthusiasm, ef-
fectiveness, and commitment (Hanushek, Kain, and Rivkin
2004; Kelly 2004; Stockard and Lehman 2004).

SASS asked teachers whether they agreed with a number
of statements about their school environments and working
conditions. A majority of public middle and high school
mathematics and science teachers expressed positive views
of their school administrators’ leadership and support, coop-
eration among colleagues, and availability of instructional
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Figure 1-19

1992-93 bachelor’s degree recipients working
in April 1994 in same or different occupation
in 2003

All bachelor’s
degree recipients

April 1994 occupation

Medical professionals

K-12 teachers

Legal professionals/
legal support personnel

Business/financial
services personnel

Same )
Law enforcement/ occupation

military personnel
Engineers, scientists,
and laboratory
research assistants

Computer/
technical workers

[l Different
occupation

Other instructors/human
services personnel

Editors/writers/artists
Sales/service personnel

Blue-collar workers

Business owners/
other managers

Clerical workers, not
including sales clerks

Percent

NOTE: Those unemployed in 2003 or who had left labor force
omitted from figure.

SOURCE: Henke R, Cataldi E, Nevill S, Occupation Characteristics
and Changes in Labor Force Status and Occupation Category:
Comparing K-12 Teachers and College Graduates in Other
Occupation Categories, National Center for Education Statistics
(NCES), NCES 2007-170 (forthcoming).
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resources (figure 1-20). Although teachers overall held gen-
erally positive perceptions of their school environments,
these perceptions tended to be less prevalent in schools with
more minority and poor students than in schools with fewer
such students. This was particularly the case for teacher per-
ceptions of parental support: 42%-44% of mathematics and
science teachers in high-minority and high-poverty schools
said that they had received a great deal of support from par-
ents, compared with 67%—71% of their counterparts in low-
minority and low-poverty schools.

In addition to school environments, teachers were asked
to indicate whether particular student attitudes and behav-
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iors were serious problems in their schools. The problem
that public middle and high school mathematics and science
teachers most often reported as serious concerned students
coming to school unprepared to learn: 37% of the teach-
ers viewed this issue as a serious problem in their schools
(figure 1-21). They also frequently cited student apathy, stu-
dent absenteeism, and student tardiness as serious problems.
Teachers who taught in schools with high concentrations
of minority and low-income students cited various student
problems (especially that students came unprepared to learn)
as serious more frequently than did those who taught in
schools with low concentrations of such students.

Job Satisfaction and Commitment to
Teaching

Although teachers are paid less than those in many com-
parable professions and sometimes have to work in environ-
ments that are less than ideal, the large majority of them are
happy about being teachers. When asked whether they were
satisfied with being a teacher at their school, 90% of public
middle and high school teachers gave a positive answer (ta-
ble 1-13). Responses from mathematics and science teachers
were similar.

When asked how long they planned to remain in teaching,
many teachers responded that they planned to remain as long
as they were able (42%) or until they were eligible for retire-
ment (34%). Just 3% had definite plans to leave teaching as
soon as possible. When asked whether they would become
teachers again if they could start over, 66% indicated that
they certainly or probably would, and only 5% responded
they certainly would not. Responses from mathematics and
science teachers to these questions resembled the overall
patterns, although less science teachers (32%) than math-
ematics and other teachers (42% and 40%, respectively) said
they would certainly go into teaching again.

Working conditions were strongly associated with teach-
er commitment to teaching. Regardless of what they taught,
teachers who worked in a positive school environment tend-
ed to be more likely to consider teaching as a long-term ca-
reer and to believe they would choose the profession again
(appendix table 1-21). For example, among public middle
and high school mathematics teachers who thought that their
school administrators were supportive and encouraging,
48% said that they planned to continue teaching as long as
they could, and 49% said that they would certainly become
a teacher again if they could start over, compared with 22%
and 20%, respectively, of those who did not share this per-
ception about their school administrators.

Summary

College graduates who entered teaching were more likely
to stay in that occupation than graduates who entered most
other professions requiring comparable education, including
legal professionals and legal support personnel, engineers,
scientists, laboratory and research assistants, and computer
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Figure 1-20
Perceptions of working conditions of public middle and high school mathematics and science teachers, by
minority enroliment and school poverty level: Academic year 2003-04

Minority enroliment

School poverty level
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| received a great deal of
support from parents

Necessary instructional
materials are available

There is a great deal of
cooperative effort among staff

Colleagues share my beliefs
and values about school mission

Staff are recognized for job well done

Principal enforces school rules

Administration is
supportive and encouraging

Principal lets staff know expectations

100 80 60 40 20 0 0 20 40 60 80
Percent Percent

. All teachers . All teachers
| Minority enroliment <5% B Sschool poverty level: <10%
D Minority enrollment >45% D School poverty level: >50%

NOTES: Teachers asked to indicate their agreement with various statements about their school conditions. Response categories included “strongly

100

agree,” “somewhat agree,” “somewhat disagree,” and “strongly disagree.” Percentages based on teachers responding “strongly agree” or “somewhat

agree” to various statements. School poverty level is percentage of students in school qualifying for free/reduced-price lunch.

SOURCES: National Center for Education Statistics, Schools and Staffing Survey, 2003-04; and National Science Foundation, Division of Science
Resources Statistics, special tabulations.

and technical workers. Between academic years 2003 and
2004, about 6%—7% of mathematics and science teachers in
public schools left teaching, compared with 8% of all teach-
ers. Regardless, public secondary schools continued to ex-
perience various degrees of difficulty in hiring mathematics
and science teachers in recent years.

Teacher salaries lagged behind those of many comparable
professionals. These gaps have widened substantially in re-
cent years, and about half of public middle and high school
mathematics and science teachers were not satisfied with their
pay. Although public school teachers generally had favor-
able perceptions of their working conditions, those in schools
with high concentrations of minority or poor students viewed
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their work environments as less satisfactory. The findings
that working conditions and pay were associated with teacher
long-term commitment to teaching signify that high-minority
and high-poverty schools may face greater challenges than
others in recruiting and retaining qualified teachers.

Transition to Higher Education

More and more high school students expect to attend col-
lege at some point, and many do so immediately after fin-
ishing high school. In 2003-04, about 7 in 10 high school
seniors expected to attain at least a bachelor’s degree (NCES
2006¢), and in fall 2004, approximately 1.8 million high
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Figure 1-21

¢ 1-41

Serious student problems reported by public middle and high school mathematics and science teachers, by
minority enrolilment and school poverty level: Academic year 2003-04

Percent
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NOTES: Teachers asked to indicate the seriousness of various student problems in their schools. Response categories include “serious problem,”
“moderate problem,” “minor problem,” and “not a problem.” Percentages based on teachers viewing various student problems as “serious.” School
poverty level is percentage of students in school qualifying for free/reduced-price lunch.

SOURCES: National Center for Education Statistics, Schools and Staffing Survey, 2003-04; and National Science Foundation, Division of Science

Resources Statistics, special tabulations.

school graduates (two-thirds of this population) enrolled in
a 2- or 4-year institution directly after high school (NCES
2006d). However, despite heightened educational expec-
tations and rising college enrollment rates, students from
disadvantaged socioeconomic backgrounds attend college
at substantially lower rates than other students, and many
of them discontinue their education before graduating from
high school (Berkner and Chavez 1997; Laird et al. 2007).

This section presents several indicators related to student
transitions from high school to college, including high school
graduation rates in the United States and in other countries
and long-term trends in immediate college enrollment rates
among U.S. high school graduates. These indicators provide
a broad picture of how effective the nation is in providing
education at the secondary level and making higher educa-
tion accessible to high school students.?
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Completion of High School

Who is counted as having completed high school in the
United States? In a broad sense, a high school completer
is anyone who has met the requirements of high school
completion and received a regular diploma or earned an
equivalent credential such as a GED certificate. Based on this
definition, an NCES report (Laird et al. 2007) estimated that
in 2005, 88% of those 18-24 years old not enrolled in high
school had received a high school diploma or equivalency
credential (figure 1-22). Between 1975 and 2005, completion
rates increased in all racial/ethnic groups. The rate for blacks
increased faster than that for whites, narrowing the gaps be-
tween the two groups. However, although the Hispanic com-
pletion rate increased overall between 1975 and 2005, the gap
between Hispanics and whites remained wide.
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Table 1-13

Professional satisfaction and commitment of public middle and high school teachers: Academic year 2003-04

(Percent)

Professional satisfaction and commitment All teachers Mathematics Science Other teachers

| am satisfied with being a teacher 89.6 89.6 87.2 89.9

How long do you plan to remain in teaching?
Aslongaslamable .........cccooceiiiiiiiiiiiiiie 41.8 41.8 39.7 421
Until | am eligible for retirement...............cc....... 33.9 32.4 33.8 34.1
Continue unless something better comes along 9.0 9.2 11.0 8.7
Definitely plan to leave as soon as | can.........c.cccceeeeueeene 3.0 3.3 3.7 2.9
Undecided at this time.........cooociiiiiiiiieee 12.3 13.2 11.8 12.2

If you could start over again, would you become a teacher?
(©71=Tg 2= 10| PRSP 39.3 415 32.0 40.1
Probably........cocueiiiieieeiie e 26.4 24.4 28.5 26.4
Even Chances ........ccovuiiiiiiiiiiiicec e 17.6 15.6 21.6 17.3
Probably NOt .......coiiiuiiiiiiieeieeeee e 12.0 121 13.2 11.8
Certainly NOT.......ccciiiiiiiiieeie e 4.6 6.3 4.7 4.3

SOURCES: National Center for Education Statistics, Schools and Staffing Survey, 2003-04; and National Science Foundation, Division of Science

Resources Statistics, special tabulations.
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Figure 1-22
Hi%h school completion rates of 18-24-year-olds, by race/ethnicity: Selected years, 1975-2005
Percent
100 9
L s s 88 g7 88 90 s 86 B 1975 [l 1985 [] 1995 [l 2005 |

All races/ethnicities

White, non-Hispanic

Black, non-Hispanic Hispanic

NOTES: High school completion rates measure percentage of 18-24-year-olds not enrolled in high school and holding a high school diploma or
equivalent credential such as a General Equivalency Diploma (GED) certificate. Those still enrolled in high school excluded from analysis.

SOURCE: Laird J, DeBell M, Kienzl G, Chapman C, Dropout Rates in the United States: 2005, National Center for Education Statistics (NCES), NCES

2007-059 (2007).

Largely in response to the federal NCLB Act,* researchers
and educators have been trying to create a more rigorous defi-
nition of high school graduates. To do so, they have been fo-
cusing on on-time graduation rates and counting only students
with regular diplomas as graduates (Seastrom et al. 20006a;
Swanson 2003; WestEd 2004). To examine on-time gradu-
ation rates, researchers used the percentage of the incoming
freshman class that graduates with a regular diploma 4 years
later as a measure (Seastrom et al. 2006b).>! Based on this
measure, it was estimated that 74% of public high school stu-
dents who entered ninth grade in academic year 1999 graduat-
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ed with a regular diploma 4 years later in academic year 2003
(table 1-14). On-time graduation rates changed little from
2000 to 2004, staying in the range of 72%—74%. (See sidebar
“International Comparisons of High School Completion.”)

Enrollment in Postsecondary Education

On completing high school, young adults make critical
choices about the next stage of their lives. Today, a major-
ity of high school graduates choose to go to college imme-
diately after high school (NCES 2007d). In 2005, 69% of
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Table 1-14

On-time graduation rates of public high school
students: Academic years 2000-01 to 2003-04
(Percent)

Academic year On-time graduation rate

200 00— .7
2001-02... 72.6
2002-03... 73.9
2003-04......ccoeiiiiiieieceee 74.3

SOURCES: Seastrom M, Chapman C, Stillwell R, McGrath D,

Peltola P, Dinkes R, Xu Z, User’s Guide to Computing High School
Graduation Rates, National Center for Education Statistics (NCES),
NCES 2006-604 and 2006-605 (2006a); Seastrom M, Hoffman L,
Chapman C, Stillwell R, The Averaged Freshman Graduation Rate for
Public High Schools from the Common Core of Data: School Years
2002-03 and 2003-04, NCES 2006-606rev (2006b).
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students ages 1624 enrolled in a 2- or 4-year postsecondary
institution in the fall immediately after high school gradua-
tion, compared with 51% in 1975 (figure 1-23). From 1975
to 2005, the immediate enrollment rate increased faster for
females than for males. Much of the growth in the overall
rate for females was because of increases between 1981 and
1997 in the rate of females attending 4-year institutions.
During this period, the rate at which females enrolled at
4-year institutions increased faster than it did for their male
counterparts, and faster than for either males or females at
2-year institutions.

Although the growth in immediate college enrollment over
the past three decades looks impressive, wide gaps by student
socioeconomic background persisted. In each year between

Figure 1-23
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1975 and 2005, low-income students lagged considerably be-
hind their high-income peers in college enrollment (appen-
dix table 1-22). Wide gaps also existed among racial/ethnic
groups, with black and Hispanic students trailing far behind
their white peers. Enrollment rates differed by parent educa-
tion, as well, although students whose parents had only a high
school education increased their enrollments considerably.

The type of institution was also related to student racial/
ethnic and family background. Berkner and Chavez (1997)
found that the proportion of 1992 high school graduates
who enrolled in 4-year colleges and universities increased
with family income and the level of their parents’ education.
Four-year college enrollment rates were also higher among
white and Asian/Pacific Islander students than among black
and Hispanic students. On the other hand, Hispanic students
and those from low-income and less-educated families were
more likely to attend 2-year institutions after high school
graduation. Persistent inequality on many indicators of post-
secondary education (e.g., gaining access and attaining a de-
gree) is discussed extensively in chapter 2.

Summary

Over the past three decades, high school completion rates
have been increasing gradually and the white-black gaps in
completion rates have been narrowing. However, on-time
graduation rates, which measure the rates at which high
school freshmen graduate with a regular diploma 4 years
later, remained in the range of 72%-74% in the early 2000s.
Although more and more students choose to enroll in college
right after high school, students from disadvantaged socio-
economic backgrounds continue to attend college at substan-
tially lower rates than their more advantaged classmates.

High school graduates enrolled in college in October after completing high school, by sex and type of institution:

1975-2005

Percent

80

0 L Il L Il L Il L Il L Il L Il L Il

1975 1977 1979 1981 1983 1985 1987 1989

1991 1993 1995 1997 1999 2001 2003 2005

NOTE: Includes students ages 16-24 years completing high school in survey year.
SOURCE: National Center for Education Statistics (NCES), The Condition of Education 2007, NCES 2007-064 (2007).
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International Comparisons of High
School Completion

How does the United States compare with other na-
tions in terms of the rates at which young people graduate
from high school? A 2006 report from the Organisation
for Economic Co-Operation and Development (OECD)
found that the United States is falling behind other indus-
trialized nations on this indicator (OECD 2006). In 2004,
the high school graduation rate was 75% in the United
States, which was lower than the overall average rate
of 81% for the 22 OECD countries with available data
(figure 1-24). The United States ranked 17th in the over-
all high school graduation rate among OECD countries,
behind such top-ranked countries as Norway, Germany,
South Korea, Ireland, Japan, and Denmark.*

* One reason for the lower U.S. rate is that the U.S. high school stu-
dent population may be more inclusive than in some OECD countries.
In other words, some OECD countries may have more students drop-
ping out before entering high school and therefore have a more selective
high school student population than does the United States.

Conclusion

When they start kindergarten, students in the United
States already exhibit differing mathematics knowledge and
skills, and most of the achievement gaps between groups ei-
ther remain or grow over the years students spend in school.
Mathematics and science performance gaps widened be-
tween racial/ethnic groups, between students from finan-
cially disadvantaged and advantaged families, and between
students whose mothers differ in educational attainment.

However, trends between 1990 and 2005 indicate rising
test scores, particularly in mathematics in grades 4 and 8
(measured with cross-sectional data). The rise in scores oc-
curred across the board: for both sexes, across racial/ethnic
groups, and for students in all ranges of performance. Notably,
some mathematics achievement discrepancies narrowed; for
example, the difference between white and black fourth grade
student scores decreased. Average science scores on fourth
grade tests also increased since 1996 (particularly those in
lower and middle score ranges), but science achievement in
grades 8 and 12 has been resistant to improvement.

As educators and policymakers strive to improve student
learning, they continue to make changes in schooling re-
sources and school environments. Coursetaking and content
standards, teacher qualifications, and continuing profession-
al development for teachers are among the primary elements
featured in efforts to promote student achievement.

Coursetaking and Content Standards

States have been increasing academic course require-
ments for high school graduation since the 1980s. By 2006,
most states required 3 years of both mathematics and science

Figure 1-24
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High school graduation rates, by OECD country:
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NOTES: High school graduation rate is percentage of population at
typical upper secondary graduation age (e.g., 18 years old in United
States) completing upper secondary education programs. OECD
average based on all OECD countries with available data.

SOURCE: OECD, Education at a Glance: OECD Indicators 2006 (2006).
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courses, and nearly all required at least 2 years. Coursework
standards have expanded in the past decade or so to require
specific courses (such as algebra) and to enhance the rigor of
course content.

Coursetaking Trends

Trends from 1990 to 2005 show higher proportions of
students completing advanced mathematics and science
courses with growth especially strong in mathematics. Stu-
dents also increased course completions in advanced biol-
ogy, chemistry, and physics. Even so, completion rates were
relatively low in 2005 for most of these advanced course
categories. For the AP/IB courses, rates doubled for some
and increased substantially for others; still, the most com-
mon AP/IB course, calculus, was completed by less than
10% of 2005 graduates.
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Teacher Preparation and Qualifications

Most public school teachers have a bachelor’s degree
and are fully certified. Majorities of beginning mathematics
and science teachers in public middle and high schools also
participated in practice teaching before starting their first
teaching job and were confident of their ability to handle
its challenges. However, practice teaching declined in recent
years by about 8—10 percentage points, even though par-
ticipation contributes to new teachers’ confidence. In high
schools, large majorities of mathematics and science teach-
ers were teaching in field; that is, they had a postsecond-
ary major or certification in that field. However, in middle
schools, about one-half of mathematics and biology science
teachers and two-thirds of physical science teachers lacked
these in-field qualifications. Across all mathematics and sci-
ence fields, a pattern of unequal access to the most highly
qualified teachers (including those with more than a few
years of teaching experience) was the rule, favoring low-
minority and low-poverty schools.

Participation in Professional Development

Most beginning teachers participated in induction pro-
grams or worked closely with a mentor teacher during their
first year of teaching. Participation in professional develop-
ment was also widespread, most often on a teacher’s sub-
ject matter or on using computers for instruction. The most
common formats were workshops, conferences, and training
sessions. Overall, the amount of time that most teachers de-
voted to professional development did not reach the levels
recommended by researchers.

Teacher Supply, Salaries, Working Conditions,
and Job Satisfaction

Attrition from teaching is typically lower than from other
professions, and attrition rates for mathematics and science
teachers have mostly leveled off in recent years. Neverthe-
less, public secondary schools continued to experience some
difficulty filling teacher vacancies in mathematics and phys-
ical sciences, and to a lesser degree, in biology/life sciences.
Overall, a majority of public school teachers were satisfied
with their jobs and planned to remain in teaching as long as
they could. Science and mathematics teacher pay still falls
behind that of many professionals with comparable educa-
tion, even more so in recent years. Although dissatisfaction
with pay is on the rise, public school teachers had mostly
favorable perceptions of their working conditions.

High School Graduation Rates and
Enrollment in Postsecondary Education

Since 1975, high school completion rates have increased
slightly. In 2005, among 18-24-year-olds not enrolled in
high school, nearly 90% held either a high school diploma or
an equivalency credential. However, the on-time graduation
rate changed little from 2000 to 2004, staying in the range
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of 72%—74%. Increasingly students are entering postsecond-
ary education directly after high school. Between 1975 and
2005, the percentage of students ages 16—24 enrolling in a 2-
or 4-year institution in the fall following high school gradu-
ation rose from 51% to 69%.

Notes

1. Differences between two estimates were tested using
the Student’s 7 statistic to minimize the chances of conclud-
ing that a difference exists based on the sample when no true
difference exists in the population from which the sample
was drawn. Setting the significance level at 0.05 indicates
that a reported difference would occur by chance no more
than once in 20 samples when there was no actual difference
between the population means.

2. In the 2004 followup for the ECLS kindergarten class
of fall 1998, 86% of cohort members were in fifth grade,
14% were in a lower grade, and less than 1% were in a high-
er grade. For the sake of simplicity, students in the ECLS
followups are referred to by the expected grade; that is, they
are referred to as first graders in the spring 2000 assessment,
as third graders in the spring 2003 assessment, and as fifth
graders in the spring 2004 assessment.

3. The poverty status variable in ECLS is based on infor-
mation provided by the parent. The variable is derived from
household income and total number of household members
(Princiotta, Flanagan, and Germino Hausken 2006). Feder-
al poverty thresholds are used to define households below
the poverty level. For example, if a household contained
two members, and the household income was lower than
$12,015, the student was considered to be living below the
poverty threshold.

4. Socioeconomic status was based on five equally
weighted components: father’s education, mother’s educa-
tion, family income, father’s occupational prestige score,
and mother’s occupational prestige score.

5. NAEP consists of three assessment programs. The
long-term trend assessment is based on nationally represen-
tative samples of 9-, 13-, and 17-year-olds. It has remained
the same since it was first given in 1969 in science and 1973
in mathematics, permitting analyses of trends over three
decades. A second testing program, the national or main
NAEDP, assesses national samples of 4th, 8th, and 12th grade
students. The national assessments are updated periodically
to reflect contemporary standards of what students should
know and be able to do in a subject. The third program, the
state NAEP, is similar to the national NAEP but involves
representative samples of students from participating states.

6. These recent trends are based on data from the national
NAEP program. The current national mathematics assess-
ment for grades 4 and 8 was first administered in 1990 and
was given again in 1992, 1996, 2000, 2003, and 2005. In
2003, only fourth and eighth grade students were assessed.
The current grade 12 mathematics assessment has only
been administered once: in 2005. Trend analyses for grade
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12 mathematics are therefore not available. The current na-
tional science assessment was first administered in 1996 and
was given again in 2000 and 2005.

7. Although the NAEP program collects information
about eligibility for the free or reduced-price lunch program
for grade 12 students, it does not report these data. Because
other reasons for not applying for school lunch programs
(including food preferences, ability to buy lunch outside
school, and wanting to avoid embarrassment) generally
increase with student age, program eligibility becomes an
increasingly unreliable indicator of poverty at higher grade
levels. For example, approximately 35%—45% of fourth
grade and 30%—40% of eighth grade public school students
have been eligible in recent years for the subsidized lunch
program. In contrast, only about 15%-25% of 12th grade
public school students have been eligible (determined us-
ing the online NAEP Data Explorer tool at http://www.nces.
ed.gov/nationsreportcard/naepdata/). The relatively low per-
centage of grade 12 students noted as eligible for the pro-
gram raises concerns that it is not a reliable indicator of low
family income for these students.

8. Insufficient sample size in 1990 for Asian/Pacific Is-
landers and American Indians/Alaska Natives precluded
calculation of reliable estimates for this group. Increases in
average scores for Asian/Pacific Islanders in grades 4 and 8
were observed between 2003 and 2005. Scores increased for
grade 4 American Indians/Alaska Natives between 2003 and
2005, but not for grade 8 American Indians/Alaska Natives.

9. Many states developed initial standards for at least
some subjects starting after about 1980, while others revised
existing standards and/or curricular guidelines; in some
states both of these activities occurred.

10. Although effects were somewhat different for men and
women, Trusty’s analysis also adjusted for variables such as
previous test scores, previous course completions, and con-
fidence about their mathematics and science skills. These
factors sometimes interact in both directions, with strong
performance in early grades often leading to greater self-
confidence and interest in the subjects, which in turn lead to
greater coursetaking, which may increase performance, and
so on. Studies may not measure other relevant characteristics
like students’ motivation and career aspirations.

11. The fairly flat pattern for trigonometry/algebra III
does not necessarily mean that fewer students studied these
topics; some schools may have reconfigured courses so that
rather than providing a full semester of trigonometry, for ex-
ample, they may include that material in a precalculus or
other course.

12. Except for biology, AP/IB science course data are
available only for 2000 and 2005.

13. In some course categories, the difference between
Asian/Pacific Islander and white graduates was not signifi-
cant, whereas in others, differences between Asians/Pacific
Islanders and one or more of the other groups proved to be
not significant. These findings are likely due in part to large
standard errors associated with smaller population groups.
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14. Poverty rate is defined as the percentage of students in
the school who were eligible for the national subsidized lunch
program. For reasons explained above, school lunch program
eligibility can be an unreliable indicator of individual fami-
lies” poverty, particularly for high school students. It is used
here as a rough proxy for poverty at the school level because it
is the only available measure, but the caveat stands.

15. NCLB defines a highly qualified elementary or sec-
ondary school teacher as someone who holds a bachelor’s
degree and full state-approved teaching certificate or license
(excluding emergency, temporary, and provisional certifi-
cates) and who demonstrates subject-matter competency in
each academic subject taught by having an undergraduate or
graduate major or its equivalent in the subject; passing a test
on the subject; holding an advanced teaching certificate in
the subject; or meeting some other state-approved criteria.
NCLB requires that new elementary school teachers must
pass tests in subject-matter knowledge and teaching skills in
mathematics, reading, writing, and other areas of the basic
elementary school curriculum. New middle and high school
teachers either must pass a rigorous state test in each aca-
demic subject they teach or have the equivalent of an un-
dergraduate or graduate major or advanced certification in
their fields.

16. Teacher quality can include many characteristics that
are not discussed here, such as teachers’ commitment to the
profession; sense of responsibility for student learning; and
ability to motivate students, manage classroom behavior,
maximize instructional time, and diagnose and remedy stu-
dents’ learning difficulties (Goldhaber and Anthony 2004;
McCaffrey et al. 2003; Rice 2003). These characteristics are
rarely examined in nationally representative surveys because
they are difficult and costly to measure.

17. Research on how elementary school teachers are
prepared to teach mathematics and science is emerging but
limited (National Research Council 2007). Based on an ex-
tensive literature review on science education, the National
Research Council (2007) concludes that K-8 teachers had
limited training in science education and insufficient knowl-
edge of science. However, some evidence suggests that K—5
teachers are confident about their ability to teach their sub-
jects including mathematics and science (Weiss et al. 2003).
Much more research is needed to increase understanding
about elementary teacher preparation for teaching math-
ematics and science.

18. To simplify the discussion, schools in which 10% or
fewer of the students were eligible for the federal free and
reduced-price lunch program are called low-poverty schools;
and schools in which more than 50% of the students were eli-
gible are called high-poverty schools. Similarly, low-minority
schools are those in which 5% or fewer of the students were
members of a minority, and high-minority schools are those
in which more than 45% of the students were members of a
minority.

19. In general, probationary certification is awarded to
those who have completed all the requirements except for a
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probationary teaching period. Provisional or temporary cer-
tification is awarded to those who still have requirements
to meet. Emergency certification is issued to those with in-
sufficient teacher preparation who must complete a regular
certification program in order to continue teaching (Henke
et al. 1997).

20. Practice teaching (also called student teaching) offers
prospective teachers hands-on classroom experience that al-
lows them to transform the knowledge learned from course-
work into teaching exercises in the classroom. Currently, 39
states require public school teachers to complete a minimum
of 5 weeks of practice teaching, through either traditional
teacher education programs or licensure requirements (Edi-
torial Projects in Education 2006).

21. It should be noted that induction programs have great
variability in terms of program goals, content, duration, and
format. This variability cannot be addressed by using the
SASS data.

22. Similar results have been reported elsewhere (Choy,
Chen, and Bugarin 2006; Scotchmer, McGrath, and Coder
2005). This finding suggests that schools and districts, and
perhaps teachers themselves, were attempting to address
the needs of teachers in high-minority and high-poverty
schools.

23. The amount of time teachers devoted to professional
development was generally not associated with schools’ mi-
nority enrollment and poverty levels.

24. Teacher participation in various formats of profes-
sional development was generally not significantly associ-
ated with schools’ minority enrollment and poverty levels.

25. Teacher participation in these activities was generally
not significantly related to schools” minority enrollment and
poverty levels.

26. For example, these explanations include the retire-
ment of an aging teaching force, increased student enroll-
ments, reforms such as the reduction of class sizes, high
rates of attrition, and lack of qualified candidates willing to
enter the profession (Broughman and Rollefson 2000; How-
ard 2003; Hussar 1999).

27. Teacher shortages occur in a labor market when de-
mand is greater than supply. This can be the result of either
increases in demand or decreases in supply or of both simul-
taneously (Guarino, Santibanez, and Daley 2006).

28. Teaching vacancies in foreign languages, English as
a second language, and special education were also difficult
to fill in secondary schools, according to SASS data.

29. The 2004 and 2006 editions of Science and Engineer-
ing Indicators included an indicator of college remediation.
However, this indicator cannot be updated for this edition
because there were no new data available at the time of prep-
aration for this chapter.

30. NCLB requires that states include graduation rates in
determining adequate yearly progress and calls for measure-
ment of on-time graduation that explicitly excludes GEDs
and other types of nonregular diplomas from the counts of
graduates.
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31. Researchers examined several proxy measures of on-
time graduation rates (Seastrom et al. 2006a). Although none
of them is as accurate as the on-time graduation rate comput-
ed from a cohort of students using student record data, one
of the methods, called Averaged Freshman Graduation Rates
(AFGR), most closely approximates the true cohort rate and
is used here. AFGR measures the percentage of an incoming
freshman class that graduates with a regular diploma 4 years
later. The incoming freshman class size is estimated by av-
eraging the enrollment of 8th graders 5 years earlier, enroll-
ment of 9th graders 4 years earlier, and enrollment of 10th
graders 3 years earlier. This averaging is intended to adjust
for higher grade retention rates in the 9th grade.

Glossary

Student Learning in Mathematics and
Science

Eligibility for National School Lunch Program: Stu-
dents’ eligibility for this program, which provides free or
reduced-price lunches, is a commonly used indicator for
family poverty. Eligibility information is part of the admin-
istrative data kept by schools and is based on parent-reported
family income and family size.

Longitudinal studies: Researchers follow the same group
of students over a period of years, such as from kindergar-
ten through fifth grade. These studies can show achievement
gains in a particular subject from grade to grade.

Repeating cross-sectional studies: This type of research
focuses on how a specific group of students performs in a par-
ticular year, then looks at the performance of a similar group
of students at a later point in time. An example would be com-
paring fourth graders in 1990 to fourth graders in 2005.

Scale score: Scale scores place students on a continu-
ous achievement scale based on their overall performance
on the assessment. Each assessment program develops its
own scales. For example, NAEP used a scale of 0—500 for
the mathematics assessment and a scale of 0-300 for the sci-
ence assessment, and the ECLS mathematics scale ranged
from 0 to 153.

Standards and Student Coursetaking

Advanced Placement: Courses that teach college-level
material and skills to high school students who can earn col-
lege credits by demonstrating advanced proficiency on a fi-
nal course exam. The curricula and exams for AP courses,
available for a wide range of academic subjects, are devel-
oped by the College Board.

Core subjects: Fundamental academic subjects that stu-
dents spend the most time on and are the focus of coursetaking
requirements and achievement tests: mathematics, science,
English/language arts, and social studies. Computer science
and foreign language are sometimes included in the category.
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International Baccalaureate: An internationally recog-
nized pre-university academic subject course designed for
high school students.

Poverty rate: A school’s poverty rate is defined as the
percentage of students eligible for subsidized lunches through
the National School Lunch Program. It is considered a less
accurate measure of family poverty at higher grade levels.

Mathematics and Science Teacher Quality

High schools: Schools that have at least one grade higher
than 8 and no grade in K-6.

In-field and out-of-field teachers: This report defines
in-field teachers as those who had either a college major or
full certification (i.e., regular, advanced, or probationary
certification) in their main teaching assignment field or both
and out-of-field teachers as those who had neither a college
major nor full certification in their main teaching assignment
field, a related field, or general education.

Main teaching assignment field: The field in which
teachers teach the most classes in school.

Major: A field of study in which an individual has taken
substantial academic coursework at the postsecondary level,
implying that the individual has substantial knowledge of
the academic discipline or subject area.

Middle schools: Schools that have any of grades 5-8,
and no grade lower than 5 and no grade higher than 8.

Practice teaching: Programs designed to offer prospec-
tive teachers hands-on classroom practice. Practice teaching
is often a requirement for completing an educational degree
or state certification, or both.

Secondary schools: Schools that have any of grades
7—12 and no grade in K—6.

Teaching certification: A license or certificate awarded
to teachers by the state to teach in a public school. The SASS
surveys include five types of certification: 1) regular or stan-
dard state certification or advanced professional certificate;
2) probationary certificate issued to persons who satisfy all
requirements except the completion of a probationary period;
3) provisional certificate issued to persons who are still par-
ticipating in what the state calls an “alternative certification
program;” 4) temporary certificate issued to persons who
need some additional college coursework, student teach-
ing, and/or passage of a test before regular certification can
be obtained; and 5) emergency certificate issued to persons
with insufficient teacher preparation who must complete a
regular certification program in order to continue teaching.

Professional Development of Mathematics
and Science Teachers

Professional development: In-service training activi-
ties designed to help teachers improve their subject-matter
knowledge, acquire new teaching skills, and stay informed
about changing policies and practices.

Teacher induction: Programs designed at the school, lo-
cal, or state level for beginning teachers in their first few
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years of teaching. The purpose of the programs is to help
new teachers improve professional practice, deepen their
understanding of teaching, and prevent early attrition. One
key component of such programs is that new teachers are
paired with mentors or other experienced teachers to receive
advice, instruction, and support.

Teacher Salaries, Working Conditions, and
Job Satisfaction

Teacher attrition: Teachers leaving the teaching profes-
sion for another occupation.

Teaching vacancy: Open teaching positions needing to
be filled.

Transition to Higher Education

Postsecondary education: The provision of formal in-
structional programs with a curriculum designed primarily
for students who have completed the requirements for a high
school diploma or its equivalent. This includes programs
with an academic, vocational, and continuing professional
education purpose, and excludes vocational and adult basic
education programs.
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Highlights

Financing Higher Education

Tuition increases at colleges and universities in the Unit-
ed States have grown rapidly for the past two decades, al-
though the rate of increase slowed in the past few years.

¢ Compared with the previous year, average tuition and
fees rose 6.3% for academic year 2006—07 for in-state
students in public 4-year colleges, 5.9% for students in
private 4-year colleges, and 4.1% for students in public
2-year colleges.

# As state spending on higher education rose from FY 2005
to FY 2007, the rate of tuition increase at public 4-year
colleges slowed.

Levels of debt for both undergraduate and graduate edu-
cation are high.

4 Among 2003-04 bachelor’s degree recipients in all
fields who took out loans, the median level of debt was
$19,300.

4 At the time of doctorate conferral, about half of 2005 S&E
doctorate recipients reported having debt from either their
undergraduate or graduate education: 27% reported under-
graduate debt and 33% reported graduate debt.

4 High levels of educational debt were most associated with
graduate education: 10% of S&E doctorate recipients had
more than $50,000 of graduate debt but only 1% had sim-
ilar amounts of undergraduate debt.

In 2005, about 21% of full-time S&E graduate students
received more than half of their financial support for
graduate education from the federal government.

¢ Most (69%) S&E graduate students primarily funded by
the federal government are funded under grants to univer-
sities for academic research.

4 Fellowships and traineeships fund 22% of federally fund-
ed full-time S&E graduate students.

# Federal support for graduate education reaches relatively
more students in the physical sciences; earth, atmospher-
ic, and ocean sciences; agricultural sciences; biological
sciences; and engineering. Relatively few students receive
federal support in mathematics, computer sciences, social
sciences, psychology, and medical/other life sciences.

Higher Education Faculty

The types of assignments and methods used to grade stu-
dents vary by discipline.

¢ Most (83%) instructional faculty use lecture/discussion
as the primary instructional method for undergraduate
classes.

4 More than half of natural sciences and engineering fac-
ulty require their undergraduate students to participate in
group projects (compared with 48% of social and behav-
ioral sciences faculty), and more than 60% require lab as-
signments (compared with 24% of social and behavioral
sciences faculty).

4 The use of term papers increased in all disciplines be-
tween 1992 and 2003. Social and behavioral sciences fac-
ulty are more likely than faculty in other S&E fields to
require written work of their students: 85% of social and
behavioral sciences faculty require term papers of their
undergraduate students compared with 76% of agricul-
tural/biological/health sciences faculty and 57% of physi-
cal/mathematics/computer sciences/engineering faculty.

Higher Education Enroliments

Enrollment in U.S. higher education is projected to con-
tinue rising because of increases in the U.S. college-age
population.

¢ Enrollment rose from 12.7 million in 1986 to 16.9 million
in 2004.

4 The number of individuals ages 20-24 in the U.S. popula-
tion is projected to rise through 2050 although the demo-
graphic composition will shift.

¢ Increased enrollment in higher education is projected to
come mainly from minority groups, particularly Asians
and Hispanics.

S&E graduate enrollment in the United States continued
to rise, reaching a new peak of 583,200 in fall 2005.

4 Following a long period of growth, graduate enrollment
in S&E declined in the latter half of the 1990s then in-
creased steadily since 1999.

4 In fall 2005, graduate enrollment increased in most S&E
fields except computer sciences and engineering.

¢ Graduate enrollment in computer sciences and engineer-
ing decreased in the past 2 years because of declining for-
eign student enrollment.

Total enrollment of foreign S&E graduate students
dropped in fall 2005 for the second year in a row, but
first-time full-time enrollment increased in 2005 after 3
years of decline.

¢ S&E graduate students on temporary visas increased from
20% to 25% of all S&E graduate students from 1985 to
2005.

4 The number of first-time full-time S&E graduate students
with temporary visas declined 18% from 2001 through
2004 but increased 4% in fall 2005.
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Higher Education Degrees

The number of S&E bachelor’s and master’s degrees
awarded annually continued to rise, reaching record
highs in 2005.

¢ The numbers of S&E bachelor’s and master’s degrees
awarded reached new peaks of 466,000 and 120,000, re-
spectively, in 2005.

¢ Most S&E fields (except computer sciences) experienced
increases in the number of degrees awarded in 2005.

4 In computer sciences, the number of bachelor’s degrees in-
creased sharply from 1998 to 2004 but decreased in 2005.

Women earned more than half of all bachelor’s degrees
and S&E bachelor’s degrees in 2005 but major varia-
tions persist among fields.

¢ Women earned more than half of bachelor’s degrees in psy-
chology (78%), agricultural sciences (51%), biological sci-
ences (62%), chemistry (52%), and social sciences (54%).

# Men earned the majority of bachelor’s degrees awarded in
engineering (80%), computer sciences (78%), and phys-
ics (79%).

Blacks, Hispanics, and American Indians/Alaska Natives
choose S&E fields at the same rate as whites.

4 Among bachelor’s degree recipients, about one-third of
the degrees earned by every racial/ethnic group (except
Asians/Pacific Islanders) are in S&E. Asians/Pacific Is-
landers, as a group, earn almost half of their bachelor’s
degrees in S&E.

Students in the United States on temporary visas earned only
a small share (4%) of S&E bachelor’s degrees in 2005.

¢ The number of S&E bachelor’s degrees awarded to stu-
dents on temporary visas increased over the past two de-
cades from 14,100 in 1985 to 18,400 in 2005.

4 In 2005, these students earned 8% of bachelor’s degrees
awarded in computer sciences and 7% in engineering.

Master’s degrees in S&E fields increased from 70,600 in
198S to 120,000 in 2005.

4 Increases in master’s degrees occurred in most major
S&E fields.

¢ Master’s degrees in engineering and physical sciences de-
creased from 1995 to 2002 but increased in recent years,
and master’s degrees in computer sciences generally in-
creased through 2004 but dropped in 2005.

The number and percentage of master’s degrees award-
ed to women in all major S&E fields (with the exception
of computer sciences) have increased since 1985.

4 Since 1985, the number of S&E master’s degrees earned
by women more than doubled, rising from 22,300 in 1985
to 53,000 in 2005.

4 In computer sciences, the number of master’s degrees
awarded to women increased through 2004 but dropped
in 2005, and the percentage of degrees awarded to women
dropped from 34% in 2001 to 29% in 2005.

¢ The number of master’s degrees earned by men grew
more slowly from 48,200 in 1985 to 67,000 in 2005, with
most of the growth occurring between 2002 and 2004.

The number of S&E master’s degrees awarded increased
for all racial/ethnic groups from 1985 to 2005.

¢ The proportion of master’s degrees in S&E fields earned
by U.S. citizen and permanent resident racial and ethnic
minorities increased over the past two decades.

¢ Asians/Pacific Islanders accounted for 7% of master’s de-
grees in 2005, an increase from 5% in 1985. Blacks and
Hispanics also registered gains during this period (from
3% to 6% for blacks and from 2% to 4% for Hispanics).
American Indians/Alaska Natives earned 0.4% of S&E
master’s degrees in 1985 and 2005.

# The percentage of S&E master’s degrees earned by white
students fell from 68% in 1985 to 47% in 2005. Mean-
while, the percentage of degrees earned by minorities and
temporary residents increased, and the number of S&E
master’s degrees earned by white students dropped from
1996 to 2002 before increasing again.

Foreign students make up a much higher proportion of
S&E master’s degree recipients than they do of bach-
elor’s or associate’s degree recipients.

4 During the past two decades, the share of S&E master’s de-
grees earned by temporary residents rose from 19% to 28%.

¢ S&E master’s degrees awarded to students on temporary
visas rose from approximately 12,500 in 1985 to about
33,500 in 2005 and increased in most S&E fields during
that period.

The number of S&E doctorates awarded by U.S. aca-
demic institutions reached a new peak of almost 30,000
in 2005.

@ The largest growth in the number of doctorate awards was in
engineering and the biological and agricultural sciences.

4 Virtually all of the growth reflected higher numbers of
S&E doctorates earned by temporary visa holders.

Students on temporary visas earned more than a third
(36%) of all S&E doctorates awarded in the United
States in 2005.
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€ The number of S&E doctorates earned by temporary resi-
dents rose to a new peak of 10,800 in 2005.

¢ Temporary residents earned half or more of all U.S. doc-
torates in engineering, mathematics, computer sciences,
physics, and economics in 2005.

Most foreign recipients of U.S. S&E doctorates plan to
stay in the United States after graduation.

4 Among 2002-05 graduates, 74% of foreign S&E doctor-
ate recipients with known plans reported they planned to
stay in the United States and 49% had accepted firm of-
fers of employment.

@ The percentage of students who had firm plans to remain in
the United States dropped after 2001, then increased in 2005.

¢ More than 90% of 200205 U.S. S&E doctoral recipients
from China and 88% of those from India reported plans to
stay in the United States, and 60% and 63%, respectively,
reported accepting firm offers for employment or post-
doctoral research in the United States. The percentages
of U.S. S&E doctorate recipients from China and India
with definite plans to stay in the United States dropped
from 1998-2001 to 2002—05. The decreases were almost
entirely among doctorate recipients in computer sciences
and engineering.

The number of doctorate recipients with S&E postdoc-
toral appointments at U.S. universities more than dou-
bled in the past two decades.

¢ Temporary visa holders accounted for 55% of S&E post-
docs in academic institutions in fall 2005.

¢ More than two-thirds of S&E postdocs in academic insti-
tutions are in the biological, medical, and other life sci-
ences fields.

Chapter 2. Higher Education in Science and Engineering

Global S&E Education

Educational attainment of the U.S. population has long
been among the highest in the world, but other countries
are catching up.

€ The United States continues to have the highest percent-
age of the population ages 25—64 with a bachelor’s degree
or higher. However, among the population ages 25-34,
the United States (30%) lags behind Norway (37%), Isra-
el (34%), the Netherlands (32%), and South Korea (31%)
in the percentage with at least a bachelor’s degree.

€ The United States ranks 4th (behind Russia, Israel, and
Canada) in the population ages 25—64 with any postsec-
ondary degree (including 2-year and 4-year or higher de-
grees), and it ranks 10th (behind Russia, Canada, Japan,
Israel, South Korea, Sweden, Belgium, Ireland, and Nor-
way) in the population ages 25-34 with any postsecond-
ary degree.

Global competition for foreign students increased in the
past two decades.

¢ The U.S. share of foreign students declined in recent
years, although the United States remains the predomi-
nant destination for foreign students (accounting for 22%
of internationally mobile students in 2004).

¢ The United Kingdom, Germany, and France also attract
large numbers of foreign students, accounting for 11%,
10%, and 9%, respectively, of internationally mobile stu-
dents in 2004.
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Introduction

Chapter Overview

The importance of higher education in S&E is increasing-
ly recognized around the world for its impact on innovation
and economic development. S&E higher education provides
the advanced skills needed for a competitive workforce and,
particularly in the case of graduate S&E education, the re-
search necessary for innovation.

A number of key influences shape the nature of U.S.
S&E higher education and its standing in the world. In re-
cent years, demographic trends and world events contributed
to changes in both the numbers and types of students partici-
pating in U.S. higher education. After declining in the 1990s,
the U.S. college-age population is currently increasing and is
projected to increase for the next decade. The composition of
the college-age population is also changing, with Asians and
Hispanics becoming an increasing share of the population.
Recent enrollment and degree trends, to some extent, reflect
these changes. For example, graduate S&E enrollment and the
number of S&E degrees at all levels are up, and the proportion
of S&E degrees earned by minorities is increasing.

In the 1990s, the number of foreign students coming to
the United States for higher education study, particularly
from countries in Asia, increased substantially. Increases in
foreign students contributed to most of the growth in overall
S&E graduate enrollments in recent years. After September
11,2001, the number of foreign students coming to the Unit-
ed States for graduate education dropped for several years,
but these numbers increased in 2005 (although they have not
yet regained earlier levels).

Finally, global competition in higher education is in-
creasing. Although the United States has historically been a
world leader in providing broad access to higher education
and in attracting foreign students, many other countries are
expanding their own higher education systems, providing
expanded educational access to their own population, and
attracting larger numbers of foreign students. The effects of
these trends on foreign student enrollment in U.S. institu-
tions remain to be seen.

Chapter Organization

This chapter describes characteristics of the U.S. higher
education system as well as trends in higher education world-
wide. It begins with characteristics of U.S. higher education
institutions providing S&E education, including trends in
tuition and fees, financial support, and debt levels. Trends
in student involvement in higher education, including fresh-
men interest and enrollment in S&E fields, degree comple-
tions, and postdoctoral study are discussed along with trends
by sex, race/ethnicity, and citizenship. The chapter high-
lights the flows of foreign students into the United States by
country and their intentions to remain in this country. The
chapter then presents various international higher education
indicators, including comparative S&E degree production in

several world regions and the growing dependence of all in-
dustrialized countries on foreign S&E students. Additional
state data on tuition charges, enrollment, and degrees grant-
ed are available in chapter 8, State Indicators.

The U.S. Higher Education System

Higher education in S&E has been receiving increas-
ing attention as an important component contributing to
the nation’s maintenance of a strong economic position in
the world (NSB 2003). A number of recent reports (AACU
2007; BEST 2004; COSEPUP 2006; NAE 2005; NSB
2004a; Project Kaleidoscope 2006) called for increasing the
quantity, quality, and diversity of the students studying and
graduating in S&E fields.

Institutions Providing S&E Education

The U.S. higher education system consists of a large
number of academic institutions and a wide variety of insti-
tution types that provide broad access, advance the frontiers
of knowledge, and strive to meet students’ changing needs
through new forms of teaching and learning (U.S. Depart-
ment of Education 2006). Among the approximately 4,300
postsecondary degree-granting institutions in the United
States in the 2005—06 academic year, 71% offered bache-
lor’s or higher degrees and 29% offered associate’s degrees
as the highest degree awarded (NCES 2007). In 2005, these
institutions awarded more than 2 million bachelor’s or high-
er degrees (about 614,000 in S&E) plus about 641,000 as-
sociate’s degrees (46,000 in S&E).

Research Institutions

Research institutions, although few in number, are the
leading producers of S&E bachelor’s, master’s, and doctoral
degrees. In 2005, research institutions (i.e., doctorate-granting
institutions with very high research activity) awarded 69%
of S&E doctoral degrees, 42% of master’s degrees, and 36%
of bachelor’s degrees in S&E fields. (See sidebar “Carnegie
Classification of Academic Institutions.”) Master’s colleges
and universities awarded another 28% of S&E bachelor’s
degrees and 24% of S&E master’s degrees in 2005. Bac-
calaureate colleges were the source of relatively few S&E
bachelor’s degrees (13%) (appendix table 2-1).

Community Colleges

Community colleges figure broadly in answering the na-
tion’s need for well-prepared technicians, and as the initial
(and sometimes only) college experience for many students
who are the first in their family to seek education beyond
high school (Adelman 2005) or who have limited funds or
ability to leave a given geographic area for a college edu-
cation. Community colleges (also known as associate’s col-
leges and 2-year institutions) are the largest segment of the
higher education enterprise in the United States. In 2004,
they enrolled 6.3 million students, about 60% of whom were
enrolled part time.
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Carnegie Classification of
Academic Institutions

The 2005 version of the Carnegie Foundation for
the Advancement of Teaching’s basic classification
scheme for colleges and universities is more complex
than previous versions and includes subcategories,
new names, and new criteria for categories. Academic
institutions are categorized primarily on the basis of
highest degree conferred, level of degree production,
and research activity. In this report, several categories
have been aggregated for statistical purposes. The fol-
lowing are characteristics of those groups:

Doctorate-granting universities include institutions
that award at least 20 doctoral degrees per year. They
include three subgroups based on level of research ac-
tivity: very high research activity, high research activ-
ity, and doctoral/research universities.

Master’s colleges and universities include institu-
tions that award at least 50 master’s degrees and fewer
than 20 doctoral degrees per year.

Baccalaureate colleges include institutions in
which baccalaureate degrees represent at least 10% of
all undergraduate degrees and that award fewer than
50 master’s degrees or 20 doctoral degrees per year.

Associate’s colleges include institutions in which
all degrees are at the associate’s level or bachelor’s
degrees account for less than 10% of all undergradu-
ate degrees.

Special focus institutions are those in which at least
75% of degrees are concentrated in a single field or a
set of related fields.

Tribal colleges are colleges and universities that
are members of the American Indian Higher Educa-
tion Consortium.

Although community colleges are not major sources of
S&E degrees, they provide S&E coursework that is afford-
able, remedial, and potentially transferable, and they play a
role in developing public scientific literacy. They also serve
as a bridge for students who go on to major in S&E fields
at 4-year institutions. Almost 29% of students who began
at a community college in the 1995-96 academic year had
transferred to 4-year institutions as of 2001 (Berkner, He,
and Cataldi 2003).

Several efforts are underway to improve community col-
lege students’ transition to 4-year institutions. Four-year
institutions and private foundations are directing a portion
of their entering student scholarship funds and recruitment
efforts to community college student transfers. The impetus
for these efforts is a desire to meet students’ need for finan-
cial assistance coupled with the perception that community
college transfers generally do well on transferring (Fisch-
er 2007a; Suggs 2005; Blanton 2007). A recent study of
Latino(a)s’ pathway to graduate school reinforces that view
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(de los Santos and de los Santos 2005). (See sidebar “Com-
munity Colleges and Latinos.”) Another factor in the abil-
ity of transfer students to obtain a bachelor’s degree within
4-6 years of transfer is the number of transfer credits ac-
cepted by the 4-year colleges to which they transfer (Doyle
2006). Many states have adopted articulation policies (i.e.,
policies among institutions to accept the transfer credits) to
encourage transfer of students from 2-year to 4-year colleges
(NCES 2005a).

Community college courses play a large role in math-
ematics preparation of undergraduates. In fall 2005, 1.7
million students were enrolled in mathematics and statistics
courses at public 2-year colleges (an increase of 26% from
fall 2000); this includes 42,000 high school students who
took dual-enrollment math courses on a high school campus
and received course credit at both the high school and the
community college. Two-year colleges taught about 47% of
all undergraduates enrolled in courses in the nation’s math-
ematics departments and programs. Although enrollment in
elementary statistics courses in 4-year colleges and univer-
sities grew by 9% from fall 2000 to fall 2005, community
college enrollment in those courses grew by 58% (Kirkman
et al. 2007).

In addition to their traditional roles, community colleges
are beginning to offer a limited number of 4-year degrees
(AASCU 2004), to examine closely their role in teacher
preparation, and to develop some dual-credit programs with
neighboring high schools. With the exception of those re-
lated to teacher preparation, the 4-year degrees offered at

Community Colleges and Latinos

Latinos share many risk factors associated with ed-
ucational attainment with community college students
in general. Community college students are more like-
ly than 4-year college students to be from households
with low incomes, to be from groups currently under-
represented in S&E fields, to be the first in their family
to attend college, to have dependents to support, to be
older than the average college student, to exhibit lower
achievement in high school, and to delay attendance
at college rather than go directly from high school to
college (Bailey 2004).

Latino students, as well as black and American
Indian/Alaska Native students, are more likely than
white or Asian students to attend community colleges.
More than half (53%) of Latino undergraduates in 2004
were enrolled in community colleges compared with
41% of white students (NSF/SRS 2007a). At Arizona
State University, which has a large Latino population,
67% of all students and 73% of the Latino bachelor’s
degree recipients in 2002—03 attended one or more of
the local community colleges (Maricopa Community
Colleges) before obtaining their degree (de los Santos
and de los Santos 2005).
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community colleges generally are in high-demand fields and
are issued as bachelor of applied science degrees. (See, for
example, the approximately 30 such programs offered in
Florida’s community college system [Fischer 2007b].)

Community colleges provide the science and mathematics
coursework for many elementary and secondary science and
mathematics teachers. They increasingly offer coursework
for K-8 teachers and provide programs in which preservice
education students can complete their entire mathematics
courses or licensure requirements. Thirty percent of commu-
nity colleges reported that they offer mathematics programs
for preservice elementary school teachers and 19% reported
preservice middle school licensure-oriented programs. In
fall 2000, teacher certification programs were almost entire-
ly limited to 4-year colleges and universities; however, by
fall 2005, several community colleges offered courses and
programs that would lead directly to certification of primar-
ily K-8 teachers (Kirkman et al. 2007).

Community colleges also offer dual enrollment (high
school and community college) courses in mathematics,
including college algebra, precalculus, calculus, and statis-
tics. Fifty percent of community colleges report having such
courses. Most of them are taught on the high school campus
by high school teachers, and usually the college and high
school mathematics departments come to mutual agreement
about factors such as syllabuses and textbooks (Kirkman et
al. 2007).

U.S. Higher Education Faculty

S&E faculty constituted about half of the approximately
1.1 million instructional faculty in U.S. institutions in fall
2003. Most S&E faculty have doctoral or first professional
degrees, and the number and percentage of S&E faculty with
doctoral or first professional degrees is increasing. About
305,000 doctoral S&E faculty (about 60% of all S&E fac-
ulty) taught in U.S. universities in 2003, up from 249,000 in
1992 (appendix table 2-2). The largest fraction of doctoral
S&E faculty (43%) taught agricultural, biological, or health
sciences; another third (34%) taught physical sciences,’
mathematics, computer sciences, or engineering; and 23%
taught social and behavioral sciences. This section deals
with the teaching aspects of S&E faculty. Additional infor-
mation about faculty employment can be found in chapter
3 (Science and Engineering Labor Force), and information
about trends in academic employment of doctoral faculty
and faculty research can be found in chapter 5 (Academic
Research and Development).

About 40% of S&E faculty have a master’s or bachelor’s
degree as their highest degree. The number of S&E faculty
with master’s or bachelor’s degrees who taught in U.S. col-
leges or universities rose from 174,000 in 1992 to 202,000
in 2003. Almost half are physical, mathematical, computer
sciences, and engineering faculty (mainly computer sciences
and mathematics faculty). In contrast to S&E faculty, about
60% of the approximately 586,000 non-S&E faculty in 2003
had master’s or bachelor’s degrees (appendix table 2-2).

Part-time faculty are an increasing portion of all instruc-
tional faculty in the United States. The overall increase in
part-time faculty from 1992 to 2003 was almost entirely ac-
counted for by an increase in the percentage of nondoctoral
faculty (from 60% in 1992 to 64% in 2003) (figure 2-1).
Among doctoral faculty, there was no increase in the per-
centage of faculty employed part time between 1992 and
2003. Most doctoral S&E faculty (about 80%) are employed
full time (appendix table 2-2). In contrast, the majority of
faculty with bachelor’s and master’s degrees (both S&E and
non-S&E) are employed part time.

The types of institutions in which doctoral and nondoctor-
al S&E faculty teach differ. Close to half (47%) of full-time
doctoral S&E faculty (and more than half of full-time doc-
toral life sciences faculty) teach in research institutions (ap-
pendix table 2-3).3 In contrast, 11% of full-time nondoctoral
S&E faculty teach in research institutions. Most nondoctoral
S&E faculty and almost half of part-time S&E faculty teach
in public 2-year institutions (table 2-1).

Most (62%) full-time S&E faculty taught only under-
graduates in 2003, while 25% taught only graduate students,
and the remainder taught both undergraduate and graduate
students (appendix table 2-4). In 2003, about two-thirds
of physical sciences/mathematics/computer sciences/engi-
neering and social/behavioral sciences faculty taught only
undergraduate students. A far higher percentage of agricul-
tural/biological/health sciences faculty (42%) than of other
S&E faculty (13%) taught only graduate students. Full-time
nondoctoral S&E faculty taught undergraduates almost ex-
clusively. Among full-time doctoral S&E faculty, almost
one-third taught only graduate students, slightly more than
half (51%) taught only undergraduate students, and the re-
mainder taught both undergraduate and graduate students.
From 1992 to 2003, the percentage of doctoral faculty who
taught only undergraduates declined and the percentage who
taught only graduate or first professional students (e.g., law
or medical students) increased, particularly among full-time
doctoral agricultural/biological/health sciences faculty.

Figure 2-1
Higher education faculty employed part time, by
highest degree: Fall 1992 and fall 2003
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SOURCE: National Center for Education Statistics, National Survey of
Postsecondary Faculty, 1993 and 2004, special tabulations (2006).
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Table 2-1
Higher education faculty, by teaching field, highest degree, employment status, and institution type: Fall 2003
(Percent)
Faculty characteristics Number Research institutions Other institutions Public 2-year institutions
S&E...ooiie 505,300 29.3 42.1 28.7
FUll time ..o 322,500 38.1 443 17.6
Part time .....cccoveiineeee 182,700 13.6 38.2 48.3
Doctorate/first professional degree....... 304,600 43.3 48.3 8.5
Other high degree..........cccoccveeiiiiinennen. 200,700 8.0 32.6 59.4
Non-S&E.......cccoerueenee. 587,800 16.7 53.1 30.2
Full time ... .. 297,300 23.4 56.9 19.7
Part time .....cccoveiineeee 290,500 9.9 49.1 41.0
Doctorate/first professional degree....... 236,100 26.5 63.0 10.5
Other high degree.........ccccoverveiereenens 351,700 10.2 46.4 43.5

NOTES: Institution type based on 1994 Carnegie classification. See National Science Board, Science and Engineering Indicators 2006 (NSB 06-01A) for

characteristics of these institution types.

SOURCE: National Center for Education Statistics, 2004 National Survey of Postsecondary Faculty, special tabulations (2006).

Undergraduate S&E faculty increasingly rely on teach-
ing assistants (TAs) to help with their courses. More than
one-third of full-time undergraduate S&E faculty used TAs
in 2003, up from 26% in 1992 (appendix table 2-5). The use
of TAs is higher for doctoral faculty than for nondoctoral
faculty, and is especially prevalent among doctoral faculty
in the aggregate physical sciences/mathematics/computer
sciences/engineering fields (54%). Only 16% of full-time
nondoctoral S&E faculty and 18% of full-time non-S&E
faculty use TAs in their undergraduate classes. Among all
undergraduate faculty, primary instruction methods differ
by discipline. (See sidebar “Primary Instruction Methods of
Undergraduate Faculty.”)

Trends in Undergraduate Education

The recent Spellings Commission report called for higher
education in the United States to improve access for all stu-
dents, reform the financial aid system, provide better assess-
ments of learning outcomes, improve the quality of instruction,
meet changing employer needs, and improve accountability
(U.S. Department of Education 2006). Several other recent
reports (BEST 2004; COSEPUP 2006; NAE 2005; Project
Kaleidoscope 2006) called for reforms to undergraduate S&E
education, including increasing opportunities for students to
engage in original research, developing a more global per-
spective, broadening the diversity of S&E majors, and en-
couraging interdisciplinary approaches. These reports also
called for improvement in teaching through incorporation of
new technologies and findings from education research and
assessment, and broadening education to include non-science-
based skills. In recent years, new approaches to undergraduate
education have been developed in a wide variety of disciplines
and types of institutions. (See sidebar “Interdisciplinary De-
gree Programs” for ways in which some of these changes are
being manifested in new programs. See sidebar “Nontechnical
Skills Employers Expect of New Entrants to the Workforce”
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Primary Instruction Methods of
Undergraduate Faculty

Most (83%) instructional faculty use lecture/
discussion as the primary instructional method for
undergraduate classes (Chen 2002). The types of as-
signments and methods used to grade students vary
by discipline. More than half of faculty in the natural
sciences® and engineering require their undergradu-
ate students to participate in group projects (compared
with 48% of social and behavioral sciences faculty)
and more than 60% require lab assignments (com-
pared with 24% of social and behavioral sciences fac-
ulty) (appendix table 2-6).

Social and behavioral sciences faculty are more
likely than faculty in other S&E fields to require writ-
ten work of their students: 85% of social and behavioral
sciences faculty require term papers of their under-
graduate students compared with 76% of agricultural/
biological/health sciences faculty and 57% of physical/
mathematical/computer sciences/engineering faculty.
The use of term papers increased in all disciplines be-
tween 1992 and 2003.

* Natural sciences include agricultural, biological, health, physi-
cal, earth, atmospheric, and ocean sciences; mathematics; and com-
puter sciences.

for information about what employers expect undergraduate
education to provide.)

A number of recent developments, including research
(both general and discipline specific) on S&E undergradu-
ate education, published outcomes from initiatives begun
earlier to improve the delivery of S&E education (AAAS
2004; Boylan 2006; Clewell et al. 2006; Lattuca, Terenzini,
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Interdisciplinary Degree Programs

In response to the increasing interdependence of
S&E disciplines, programs and courses within higher
education increasingly reflect interdisciplinary ap-
proaches. In one notable interdisciplinary field, neuro-
science, the number of doctorates awarded increased
from 308 in 1995 to 689 in 2005 (NORC 2006). New
interdisciplinary approaches are exemplified in the
multidisciplinary doctorate program being adapted at
the University of California at Santa Barbara, the Eco-
nomics and Environmental Science PhD Training Pro-
gram (www.ees.ucsb.edu/). Students earn a doctorate
in either economics or in one of the natural sciences.
Students in both fields are required to fulfill require-
ments in their own discipline as well as interdisciplin-
ary courses. They design and conduct thesis research
projects that span the two disciplines and include fac-
ulty from both departments as advisors.

At the undergraduate level, some interdisciplin-
ary approaches include efforts to design courses and
programs around an inherently interdisciplinary disci-
pline (such as bioinformatics or nanotechnology) as a
means of developing students’ abilities with allied dis-
ciplines. Others involve developing programs whose
implementation is enhanced by knowledge, habits of
mind, and work approaches from many disciplines. As
an example of the first, a broad spectrum of physics
and biology faculty in New Mexico are developing a
collaborative educational network. This network uses
an interdisciplinary approach to produce materials
about nanoscience appropriate for use in undergradu-
ate courses in both biology and physics as a means
of introducing nanoscience into two diverse disci-
plines. Biology faculty are developing a knowledge
base in physics and physics faculty are developing a
knowledge base in biology through joint attendance
at workshops and development of course materials.
As an example of the second, tissue engineering is be-
ing introduced to biology and engineering students in
a joint biology/mechanical engineering course at the
University of South Carolina—Columbia. Senior-level
students are designing bioreactors in their laboratory
course and then using the experience to design experi-
ments in courses at their own and other institutions.

and Volkwein 2006; Lopatto 2004; NAE 2005), a growing
body of literature of efforts to change undergraduate educa-
tion, the emergence of the National Science Digital Library
(http://nsdl.org/), increasing availability of assessment and
evaluation tools, and new technologies available to under-
graduate students, help to inform undergraduate education
reform efforts.

Several efforts to improve engineering education have
been introduced by professional societies, the National
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Nontechnical Skills Employers
Expect of New Entrants
to the Workforce

Employers believe that in order for the United
States to compete in a global economy, the entering
workforce should possess certain skills beyond exper-
tise in their major field (AACU 2005; Bollag 2005;
Conference Board 2006; NACE 2005; SCANS 1991).
Some of the most important of these skills include
good written and oral communication, critical think-
ing, the ability to work in teams, good interpersonal
skills, and professionalism/work ethic.

The Conference Board (2006) recently found that
too few college graduates excel in these areas. The
majority of employers reported that 2- and 4-year col-
lege graduates were “adequate” in terms of general
preparation for entry-level jobs. However, only 10%
reported that 2-year graduates and 24% reported that
4-year graduates were “excellent.” In addition, more
than one-fourth of employers reported that 4-year col-
lege graduates and almost half reported that 2-year
college graduates were deficient in written communi-
cation. When asked about future skill needs, employ-
ers reported that the following basic knowledge and
applied skills are expected to increase in importance:
knowledge of foreign languages, making appropriate
choices concerning health and wellness, and creativity/
innovation.

Beyond attitudinal surveys, there is little current
quantitative evidence of the effectiveness of postsec-
ondary education, whether for specific knowledge and
skills related to a field of study or for workplace readi-
ness (Swyer, Millet, and Payne 2006; U.S. Department
of Education 2006). However, efforts are under way to
provide such evidence.

Academy of Engineering, and ABET (the accrediting body
for postsecondary degree-granting programs in engineering)
(Lattuca, Terenzini, and Volkwein 2006; NAE 2005). In
1996, ABET adopted a new set of standards for engineering
programs called Engineering Criteria 2000 (EC2000). These
new standards focused on assessing learning outcomes and
broadening the set of skills required to include communica-
tion, working in teams, and ethics. Another project, Engineer
of 2020, is an effort by the National Academy of Engineer-
ing to look at the future of engineering, including skills that
may be needed in coming years. The project envisions that
graduates in 2020 will need such traits as strong analytical
skills, creativity, ingenuity, professionalism, and leadership
(NAE 2005).

In mathematics, special interest groups focusing on edu-
cational issues at the undergraduate level have been formed
at the Mathematical Association of America. In biology,
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several new or upgraded education journals have been in-
troduced in recent years, for example, CBE Life Sciences
Education, Microbiology Education, Biochemistry and Mo-
lecular Biology Education, and Education Forum section in
Science. Across fields, science departments are beginning
to build science education positions into their departmental
structure, hiring people with a strong research degree within
the discipline and interest and expertise in educational re-
search (Bush et al. 2006; NAS 2006). These types of po-
sitions have a relatively long history in mathematics and
physics but are only beginning to be widely introduced in
disciplines such as biology, chemistry, or earth sciences.

In the federal government, the Academic Competitive-
ness Council recently focused attention on the effectiveness
of federal agency programs in science, technology, engi-
neering, and mathematics (STEM) education (U.S. Depart-
ment of Education 2007). Nine federal agencies administer
43 programs aimed at improving STEM undergraduate edu-
cation, including increasing numbers and retention in STEM
fields, increasing diversity, and improving content and ped-
agogy. The council advocated more rigorous evaluation of
these programs, particularly of long-term student outcomes.

Financing Higher Education

Rising costs of higher education and increases in student
debt over the past two decades raised questions about af-
fordability and access in U.S. higher education institutions
(NSB 2003). Public institutions account for about 40% of all
degree-granting higher education institutions in the United
States and enroll almost 80% of all undergraduates. In the
past, these institutions were funded primarily through state

Figure 2-2
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expenditures. In recent years, the percentage of funding com-
ing from state expenditures has declined, state per-student
spending has declined, and tuition has increased. This sec-
tion examines trends in tuition levels (including net price to
students by family income), need-based and merit-based fi-
nancial aid, financial support for undergraduate and graduate
education, and student debt.

Tuition

Tuition and fee increases at colleges and universities in
the United States have grown rapidly for the past two de-
cades, rising well above increases in disposable income.
However, student aid increased even faster than tuition (fig-
ure 2-2). Tuition and fee increases reached double-digit rates
in 2003-04, although the rate of increase slowed in the past
few years (table 2-2). In the 200607 academic year, aver-
age tuition and fees, compared with the previous year, rose
6.3% for in-state students at public 4-year colleges, 5.9% for
students in private 4-year colleges, and 4.1% for students at
public 2-year colleges (College Board 2006a).

As state spending rose from FY 2005 to FY 2007, the
rate of increase of tuition and fees at public 4-year colleg-
es slowed. Fluctuations in state spending, however, do not
completely explain variations in tuition and fees. Other con-
tributors to tuition and fee increases include rising prices of
goods and services purchased by colleges and universities as
measured by the Higher Education Price Index, which have
risen faster in recent years than the Consumer Price Index
(CPI). From academic years 2000-01 to 2005-06, the prices
paid by colleges and universities for utilities, salaries, fringe
benefits, and supplies and materials rose faster than the CPI
(College Board 2006a).

Average annual tuition, fees, room, and board for public 4-year institutions, total student aid dollars, and

disposable personal income: 1997-2006
Tuition and personal income ($billions)

Student aid ($millions)

i 160,000
12,000 [ Total student aid dollars 140,000
| - 120,000
10,000 [ -
Average annual tuition, fees, room, and board__——=="""_ e
...................................... 1 100,000
e B e -
-1 80,000
6,000 |
| -1 60,000
4,000 -
| -1 40,000
. - 20,000
O I I I I : L L L 0
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

SOURCES: College Board, Trends in College Pricing 2006; and Bureau of Economic Analysis, National Income and Product Accounts Table 2.1,
http://www.bea.gov/national/nipaweb/SelectTable.asp?Selected=N, accessed 13 April 2007.
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Table 2-2
Average annual published tuition and fee charges: 1996-97 to 2006-07
Private 4-year Public 4-year Public 2-year Private 4-year Public 4-year Public 2-year
Charges Charges Charges
Charges Annual Charges Annual Charges Annual (2006 Annual (2006 Annual (2006 Annual
(current change (current change (current change constant change constant change constant change

(%) us$) (%) Us$) (%) Us$) (%)

Academic year us$) (%) us$) (%) US$)
12,994 na 2,975 na 1,465
18,785 6.1 3,111 4.6 1,567
14,709 6.7 3,247 4.4 1,554
15,518 585 3,362 BL5) 1,649
16,072 3.6 3,508 4.3 1,642
17,377 8.1 3,766 7.4 1,608
18,060 3.9 4,098 8.8 1,674
18,950 4.9 4,645 13.3 1,909
20,045 5.8 5,126 10.4 2,079
20,980 4.7 5,492 71 2,182
22,218 5.9 5,836 6.3 2,272

na 16,843 na 3,856 na 1,899 na
7.0 17,480 3.8 3,945 2.3 1,987 4.6
-0.8 18,355 5.0 4,052 2.7 1,939 -2.4
6.1 18,935 3.2 4,102 1.2 2,012 3.8
-0.4 18,965 0.2 4,139 0.9 1,938 -3.7
-2.1 19,962 5.3 4,326 4.5 1,847 -4.7
4.1 20,379 2.1 4,624 6.9 1,889 2.3
14.0 20,931 2.7 5,131 11.0 2,109 11.6
8.9 21,568 3.0 5,516 7.5 2,237 6.1
50 21,781 1.0 5,702 3.4 2,265 1.3
4.1 22,218 2.0 5,836 2.4 2,272 0.3

na = not applicable
NOTE: Enrollment data weighted.
SOURCE: College Board, Trends in College Pricing 2006.

Students typically do not pay the full tuition and fee
charges, which averaged $5,836 for in-state students at pub-
lic 4-year colleges, $22,218 for students at private 4-year
colleges, and $2,272 for students at public 2-year colleges
during the 200607 academic year (table 2-2). The net price
of an undergraduate college education is defined as the pub-
lished price minus the average grant aid and tax benefits that
students receive. Student aid (grant aid and tax benefits) av-
eraged $3,100 at public 4-year institutions, $9,000 at private
4-year institutions, and $2,200 at public 2-year institutions
in 2006-07.

In 200607, the net price was about $2,700 at public
4-year institutions, $13,200 at private 4-year institutions,
and under $100 at public 2-year colleges (College Board
2006a).* The net price at public 4-year institutions (in in-
flation-adjusted dollars) fell between 1997-98 and 2002—-03
but rose through 2006-07, while the net price at private
4-year institutions rose between 1997-98 and 2006—07. The
net price of college for low-income students did not increase
over the past decade. For middle-income students, the net
price of college also remained stable after accounting for
grants and loans (with the bulk of aid in the form of loans).
Thus, middle-income students subsequently had higher lev-
els of debt from educational loans. From 1993 to 2004, the
percentage of degree recipients who borrowed and their me-
dian amount of debt both increased (American Council on
Education 2005).

Graduate tuition varies more than undergraduate tuition.
Graduate tuition is typically per credit, which varies by aca-
demic institution and often varies within an institution de-
pending on the school, department, or degree program, and
sometimes the stage of the program (e.g., first-year, disserta-
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tion). Furthermore, the number of credits required for gradu-
ation and thus the total tuition varies by the length of the
program (e.g., l-year master’s, 2-year master’s, doctoral).
On average, the cost of attendance was $24,000 for full-
time graduate students in public institutions and $35,800 for
those in private institutions for the 2003—04 academic year
(Redd 20006).

The number of students who pay tuition also varies by en-
rollment status, institution, discipline, and type of funding.
In some disciplines, most full-time students receive finan-
cial assistance in the form of fellowships, teaching assis-
tantships, or research assistantships, and many may receive
tuition waivers. However, school-to-school differences exist
even within disciplines, and master’s level students are gen-
erally treated differently from doctoral candidates. In other
disciplines, students are largely self-supported and do not
receive tuition waivers. (See sidebar, “Cost of Higher Edu-
cation Internationally.”)

Undergraduate and Graduate Student Financial
Support Patterns

Financial Support for Undergraduate Education. As
tuition increased in the 1990s, students increasingly relied on
financial aid (especially loans) to finance their education. Fi-
nancial aid for undergraduate students is mainly in the form of
grants, student loans (federal or private), and work study. A fi-
nancial aid package may contain one or more of these kinds of
support. In the 2003—-04 academic year, about one-third of all
undergraduate students received no financial aid, about half
received grants, and about one-third took out loans (NCES
2005a). A higher percentage of undergraduates in private, non-
profit 4-year institutions (83%) than of those in public 4-year
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Cost of Higher Education Internationally

Unlike the United States, many countries historically
did not charge tuition for higher education. In the past
decade, however, most instituted some form of cost shar-
ing, either tuition or fees (Preston 2006). Imposition of
tuition and fees has been a response to a growing need
for additional revenue, growth in enrollment, and com-
peting demands on public funding. For example, tuition
was first instituted in China in 1997, in Great Britain in
1998, in Austria in 2001, and in some German states in
2006 (Johnstone 2003; Kehm 2006). In the Scandinavian
countries, tuition remains free but students are charged
for room and board. In some countries in East Asia and
Latin America, public institutions remain free but be-
cause enrollment is limited, expansion of higher educa-
tion has been primarily through private institutions that
charge tuition and fees. In most countries where tuition
is charged, students are offered some form of low-cost
loans for higher education (Johnstone 2003).

The initiation of tuition and fees and increases in tuition
in some countries have raised concerns about affordability.
For example, in China in 2000, the government set annual

Table 2-3

tuition at about 5,000 yuan (about U.S. $600), which is
considered high given the average urban per capita income
of 10,493 yuan (U.S. $1,313) and the average farmer’s
income of 3,256 yuan (U.S. $407) (OBHE 2003; Shinan
2006). In Canada, average undergraduate tuition increased
at an average of 7% annually since 1990-91, almost 4 times
the average rate of inflation (Statistics Canada 2006). Ca-
nadian public colleges are seen by some as less affordable
than those in the United States because even though tuition
is lower, U.S. public colleges provide far more money in
the form of grants than do Canadian colleges (Birchard
2006; Usher and Steele 2006). Direct comparisons of af-
fordability across countries are difficult because tuition,
financial assistance, and policies for providing public sub-
sidies vary widely among countries and even within some
countries depending on citizenship (OECD 2006). Table
2-3 shows average amounts of tuition by country. Coun-
tries with higher tuition fees do not necessarily provide
greater amounts of financial support to students, and coun-
tries with low tuition may have substantial proportions of
students receiving scholarships and grants (OECD 2006).

Estimated average annual tuition fees of tertiary-type A educational institutions for full-time students, by type of

institution: Academic year 2004

(U.S. dollars)
Public Private Public Private

Country institutions institutions Country institutions institutions

OECD countries Luxembourg............. na na
Australia 5,289 13,420 Mexico .......... . NA NA
Austria........ccccoeenne 853 800 Netherlands ..... . na 1,565
Belgium (Flemish)? ... 540 536 New Zealand®........... 2,538 3,075
Belgium (French)?..... 658 751 Norway........ccceceeenee. None 4,000-6,500
Canada .........cccouueeen 3,267 NA . NA NA
Czech Republic........ None 3,449 Portugal ........c.cec.... 868 3,803
Denmark ......cccceeee.... None NA Slovak Republic....... None NA
Finland .........ccccoeneee. None None Spain....cccccveeieiiieenne 801 (668-935) NA
France........ccccoeeenee. 156-462 500-8,000 Sweden........ccceeeene None None
Germany ... NA NA Switzerland ... . 566-1,132 NA
Greece ....oeeeeeeeecunnnnn NA NA TUrkey .oocoevevvveeeeenanne 274 9,303-11,961
Hungary ......ccccceeeee. 351 991 United Kingdom....... na 1,794
Iceland ... None 3,000 (2,100-4,400) United States........... 4,587 17,777
Ireland .... NA NA Partner countries
1521V 983 3,992 (0311 L= 3,845 3,822
Japan ..o 3,747 5,795 (4,769-25,486) Israel .....ccocovvveriiennenn. 2,300 2,442
Korea .......cccccevvuenee. 3,623 (1,955-7,743) 6,953 (2,143-9,771)

NA = not available; na = not applicable; OECD = Organisation for Economic Co-operation and Development

#Tuition fees same in public and private institutions, but distribution of students differs between public and private institutions, explaining why weighted
average not same.
Tertiary-type A includes advanced research programs.

NOTES: Academic year 2004 refers to 2003-04 school year. U.S. dollars converted using purchasing power parities (PPPs). PPPs are currency conversion
rates that both convert to common currency and equalize purchasing power of different currencies and eliminate differences in price levels between
countries in process of conversion. Amounts of tuition fees and associated proportions of students should be interpreted with caution because result from
weighted average of main tertiary-type A programs and do not cover all educational institutions. However, figures reported can be considered good proxies
and show difference among countries in tuition fees charged by main educational institutions for majority of students.

SOURCE: OECD, Education at a Glance: OECD Indicators 2006 (2006), http://www.oecd.org/edu/eag2006. See Annex 3 for notes, accessed 13 April 2007.
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(69%) or public 2-year institutions (47%) received some type
of financial aid, either grants (73% compared with 52% and
40%, respectively) or loans (56% compared with 45% and
12%, respectively). The percentage of full-time undergradu-
ates who had federal loans increased from 31% in 1992-93
to 48% in 2003-04 (NCES 2006), and the average amount
of loans increased. In recent years, students have increasingly
relied on private loans, which typically have much higher in-
terest rates. At the same time, the percentage of students who
are supported by grants alone or in combination with other
mechanisms decreased (College Board 2006b) (figure 2-3).
Financial aid packages are often awarded on the basis of
either need or academic merit, although some forms of aid
combine both criteria. Need-based financial aid, which was
the norm through the 1980s, aims to increase access for stu-
dents who otherwise could not afford to attend college. In
recent years, an increasing number of financial aid programs
and increasing dollar amounts focused on academic merit in
an effort to attract top students. Merit-based aid (i.e., aid for
which recipients are selected on the basis of test scores, per-
formance, class rank, grade point average, or other achieve-
ment) makes up an increasing percentage of state grants,
rising from 9% in 1984—85 to 27% in 2004-05. The number
of federal Pell Grant (which are based on financial need)
recipients increased over time, but the average amount of aid
per recipient decreased in recent years in both current and
inflation-adjusted dollars (College Board 2006b).

Financial Support for S&E Graduate Education. About
one-third of S&E graduate students are self-supporting; that s,
they rely primarily on loans, their own funds, or family funds
for financial support. The other two-thirds receive primary
financial support from a wide variety of sources: the federal

Figure 2-3

Grants and loans as percentage of undergraduate
student aid: 1991-92 to 2005-06
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NOTES: Estimated 2004-05 data; preliminary 2005-06 data.

SOURCE: College Board, Trends in Student Aid: 2006, Trends in
Higher Education Series (2006).
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government, university sources, employers, nonprofit orga-
nizations, and foreign governments.

Support mechanisms include research assistantships
(RAs), teaching assistantships (TAs), fellowships, and train-
eeships. Sources of funding include federal agency support,
nonfederal support, and self-support. Nonfederal support in-
cludes state funds, particularly in the large public university
systems; these funds are affected by the condition of overall
state budgets. Most graduate students, especially those who
pursue doctoral degrees, are supported by more than one
source or mechanism during their time in graduate school
and some receive support from several different sources and
mechanisms in any given academic year.

Other than self-support, RAs are the most prevalent pri-
mary mechanism of financial support for S&E graduate stu-
dents. The percentage of full-time S&E graduate students
supported primarily by RAs increased in the late 1980s,
rising from 24% in 1985 to roughly 27%-29% from 1988
through 2005. Although the number of full-time S&E gradu-
ate students relying primarily on fellowships and TAs rose
over the past two decades, an increase in overall graduate
enrollment meant that the percentage of students supported
by these mechanisms stayed flat or declined. In 2005, 18%
of full-time S&E graduate students were primarily support-
ed through TAs and 13% were primarily supported through
either traineeships or fellowships (appendix table 2-7).

Primary mechanisms of support differ widely by S&E
field of study (appendix table 2-8). For example, in 2005,
full-time students in physical sciences were financially
supported mainly through RAs (43%) and TAs (39%) (fig-
ure 2-4). RAs also were important in agricultural sciences
(57%); biological sciences (43%); earth, atmospheric, and
ocean sciences (42%); and engineering (41%). In mathemat-
ics, however, primary student support is through TAs (54%)
and self-support (19%). Full-time students in the social and
behavioral sciences are mainly self-supporting (47%) or re-
ceive TAs (19%), and students in medical/other life sciences
are mainly self-supporting (60%).

The federal government served as the primary source of
financial support for about 21% of full-time S&E graduate
students in 2005 (appendix table 2-9). The federal govern-
ment plays a substantial role in supporting S&E graduate stu-
dents in some mechanisms and fields, and a smaller role in
others. For example, in 2005, the federal government funded
67% of S&E graduate students on traineeships, 51% of those
with RAs, and 23% of those with fellowships. Federal finan-
cial support for graduate education reaches relatively more
students in the physical sciences; earth, atmospheric, and
ocean sciences; agricultural sciences; biological sciences;
and engineering. Relatively fewer students in mathemat-
ics, computer sciences, social sciences, psychology, and
medical/other life sciences receive federal support (figure
2-5). Appendix table 2-9 provides detailed information by
field and mechanism. (See “Expenditures by Field and Fund-
ing Source” in chapter 5 for information on federal academic
R&D funding by discipline.)
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Figure 2-4
Full-time S&E graduate students, by field and
mechanism of primary support: 2005
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NOTE: Self-support includes any loans (including federal) and
support from personal or family financial contributions.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, Survey of Graduate Students and
Postdoctorates in Science and Engineering, WebCASPAR database,
http://webcaspar.nsf.gov. See appendix table 2-8.
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Most federal financial support for graduate education is
in the form of research assistantships funded through grants
to universities for academic research. Research assistant-
ships are the primary mechanism of support for 69% of fed-
erally supported full-time S&E graduate students, up from
62% two decades earlier. Fellowships and traineeships are
the means of funding 22% of the federally funded full-time
S&E graduate students, and federally funded fellowships and
traineeships fund 4% of all full-time S&E graduate students.
The share of federally supported S&E graduate students re-
ceiving traineeships declined from 18% in 1985 to 12% in
2005. For students supported through nonfederal sources in
2005, TAs were the most prominent mechanism (40%), fol-
lowed by RAs (31%) (appendix table 2-7).

The National Institutes of Health (NIH) and the National
Science Foundation (NSF) support most of the full-time S&E
graduate students whose primary support comes from the
federal government. In 2005, they supported about 26,800
and 20,400 students, respectively. Trends in federal agency
support of graduate students show considerable increases
from 1985 to 2005 in the proportion of students funded
(NIH, from 23% to 32%; NSF, from 21% to 24%). Support
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Figure 2-5
Full-time S&E graduate students with primary
support from federal government, by field: 2005
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SOURCE: National Science Foundation, Division of Science
Resources Statistics, Survey of Graduate Students and
Postdoctorates in Science and Engineering, WebCASPAR database,
http://webcaspar.nsf.gov. See appendix table 2-9.
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from the U.S. Department of Defense declined during the
1990s (from 15% to 11% of federally supported graduate
students), offsetting to some extent the increasing percent-
age that received NSF support (appendix table 2-10).

For doctoral degree students, notable differences exist in
primary support mechanisms by sex, race/ethnicity, and citi-
zenship (figure 2-6). In 2005, male U.S. citizens were more
likely to have been supported by RAs (25%) and female
U.S. citizens were more likely to have supported themselves
from personal sources of funds (23%). Among U.S. citizens,
whites and Asians/Pacific Islanders were more likely than
other racial/ethnic groups to have had primary support from
RASs (22% and 25%, respectively), and underrepresented mi-
norities depended more on fellowships (34%). The primary
source of support for doctoral degree students with tempo-
rary visas was an RA (49%) (appendix table 2-11).

U.S. citizen white and Asian/Pacific Islander men, as well
as foreign doctoral degree students, are more likely than U.S.
citizen white and Asian/Pacific Islander women and under-
represented minority doctoral degree students of both sexes
to receive doctorates in engineering and physical sciences,
fields largely supported by RAs. Women and underrepre-
sented minorities are more likely than other groups to re-
ceive doctorates in social sciences and psychology, fields in
which self-support is prevalent. Differences in type of sup-
port by sex, race/ethnicity, or citizenship remain, however,
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Figure 2-6

Primary mechanisms of support for S&E
doctorate recipients, by citizenship, sex, and
race/ethnicity: 2005
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earnings in graduate school, other family earnings or savings, and
loans. Other includes employer reimbursement or assistance,
foreign support, traineeships, other assistantships, and other and
unknown sources. S&E includes health fields (i.e., medical and other
life sciences). U.S. citizen total includes unknown sex.
Underrepresented minority includes blacks, Hispanics, American
Indians/Alaska Natives, Native Hawaiians/other Pacific Islanders,
and multiple races/ethnicities.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, Survey of Earned Doctorates, special
tabulations (2007).
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even accounting for doctorate field (NSF/SRS 2000). These
differences in type of support have potential consequences
for levels of debt and long-term career success (Nettles and
Millett 2000).

Undergraduate and Graduate Debt

Undergraduate debt. Undergraduate major has rela-
tively little effect on undergraduate debt (NSF/SRS 2006a);
however, levels of debt vary by type of institution and state.
Levels of undergraduate debt for students from public col-
leges and universities are almost as high as those for students
from private colleges and universities. The median level of
debt for 2003—04 bachelor’s degree recipients who took out
loans was $19,300 overall; $19,500 for those who graduated
from private nonprofit institutions and $15,500 for those
who graduated from public colleges and universities (Col-
lege Board 2006b).

Levels of debt vary widely by state. Average debt for
2005 graduates of public 4-year colleges and universities
ranged from $23,198 in lowa to $11,067 in Utah (Burd 2006;
Project on Student Debt 2006). Average debt for graduates
of private nonprofit colleges and universities ranges from
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$32,504 in Arizona to $13,309 in Utah. Levels of debt are not
necessarily higher in states where the cost of living is high,
and are not necessarily higher in schools in which tuition is
high. Some low-tuition schools with large numbers of low-
income students report high levels of average student debt.
See “Higher Education” in chapter 8 (State Indicators) for
additional state indicators dealing with higher education.

Debt Levels of S&E Doctorate Recipients. At the time
of doctoral degree conferral, about half of S&E doctorate
recipients have debt related to either their undergraduate or
graduate education. About a fourth have some undergrad-
uate debt and about a third owe money directly related to
graduate education. In 2005, 27% of S&E doctorate recipi-
ents reported having undergraduate debt and 33% reported
having graduate debt. For some, debt levels were high, espe-
cially for graduate debt: 1% reported more than $50,000 of
undergraduate debt and 10% reported more than $50,000 of
graduate debt (appendix table 2-12).

Levels of debt vary widely by doctorate fields. High lev-
els of graduate debt were most common among doctorate
recipients in psychology, social sciences, and medical/other
health sciences. Psychology doctorate recipients were most
likely to report having graduate debt and also high levels of
debt.’ In 2005, 26% of psychology doctoral degree recipi-
ents compared with 10% of all S&E doctoral degree recipi-
ents reported graduate debt of more than $50,000. Doctorate
recipients in engineering; biological sciences; computer sci-
ences; earth, atmospheric, and ocean sciences; mathematics;
and physical sciences were least likely to report graduate
debt. Although men and women differed little in level of
debt, blacks and Hispanics had higher levels of graduate
debt than whites, even accounting for differences in field of
doctorate (NORC 2006).

Debt levels in non-S&E graduate/professional fields.
Average student loan debt was higher for students graduating
with law degrees, medical degrees, and other health degrees
than it was for those with doctoral degrees in 2003—04. Law
graduates from public institutions averaged $51,200, medical
doctors averaged $78,400, and other health graduates aver-
aged $66,000 in cumulative student loan debt, compared with
$39,000 for doctoral degree recipients. Debt for those with de-
grees from private institutions was even higher (Redd 2006).

Debt burden. Graduates with relatively high post-college
earnings may find it easier to pay off education-related debt
than those with lower earnings, given similar amounts of debt
and similar interest rates. Because starting salaries in the hu-
manities and social sciences are relatively low and debt is
relatively high, debt burden (loan payments as a percent of
salary) of master’s and doctoral graduates in the humanities
and social sciences is higher than in other fields (although
debt burden of law students is also high). Debt burden is
lower in the natural sciences, life sciences, and engineering
(Redd 20006).
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Higher Education Enroliment
in the United States

Recent higher education enrollments reflect the expanding
U.S. college-age population. This section examines trends in
undergraduate and graduate enrollment by type of institu-
tion, field, and demographic characteristics. For information
on enrollment rates of high school seniors, see “Transition to
Higher Education” in chapter 1.

Overall Enroliment

Over the past two decades, enrollment in U.S. institutions
of higher education rose fairly steadily from 12.7 million
students in 1986 to 16.9 million in 2004 (appendix table
2-13), despite declines in the college-age population in the
mid-1990s. More than 6 million students (about 38% of all
students enrolled in higher education institutions in the Unit-
ed States) were enrolled in 2-year institutions in 2004. Re-
search universities (doctorate-granting universities with very
high research activity) and master’s-granting universities to-
gether accounted for another 37% of all students enrolled
(6.2 million) (appendix table 2-13). (See sidebar “Carnegie
Classification of Academic Institutions” for definitions of
the types of academic institutions.)

Enrollment in higher education is projected to increase in
coming years because of increases in the college-age popu-
lation (NCES 2005b). These projections are based primarily
on population projections but also incorporate information
about household income (a measure of ability to pay) and
age-specific unemployment rates (a measure of opportunity
costs).® According to Census Bureau projections, the number
of college-age (ages 20-24) individuals is expected to grow
from 20.8 million in 2005 to 26.3 million by 2050 (appen-
dix table 2-14). Increased enrollment in higher education is
projected to come mainly from minority groups, particularly
Asians and Hispanics. From 2000 to 2050, the Asian and
Hispanic college-age populations are projected to more than
double, while the black and white non-Hispanic college-age
populations are projected to rise by 48% and 0.5%, respec-
tively (appendix table 2-14).

Undergraduate Enroliment in S&E

Freshmen Intentions to Major in S&E

Since 1972, the annual Survey of the American Fresh-
man, National Norms, which is administered by the Higher
Education Research Institute at the University of California
at Los Angeles, asked freshmen at a large number of uni-
versities and colleges about their intended majors. The data
provided a broadly accurate picture of degree fields several
years later.” For at least the past two decades, about one-third
of all freshmen planned to study S&E. In 2006, about one-
third of white, black, Hispanic, and American Indian fresh-
men and 45% of Asian freshmen reported that they intended
to major in S&E (figure 2-7). The proportions planning to ma-
jor in S&E were higher for men in every racial/ethnic group
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Figure 2-7
Freshmen intending S&E major, by race/ethnicity:
Selected years, 1985-2006
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SOURCE: Higher Education Research Institute, University of
California at Los Angeles, Survey of the American Freshman:
National Norms, special tabulations (2007).
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(appendix table 2-15). For most racial/ethnic groups, about
10%—-16% planned to major in social/behavioral sciences,
about 6%—8% in engineering, about 8%—10% in biological/
agricultural sciences, 1%-2% in computer sciences, 2%—3%
in physical sciences,® and 1% in mathematics or statistics.
Higher proportions of Asian freshmen than of those from
other racial/ethnic groups planned to major in biological/
agricultural sciences (17%) and engineering (12%). The
percentages of all freshmen intending to major in engineer-
ing or computer sciences dropped in recent years, while the
percentage intending to major in biological/agricultural sci-
ences increased.

The demographic composition of students planning S&E
majors has become more diverse over time. Women consti-
tuted 39% of freshmen planning S&E majors in 1985, but this
proportion rose to 47% in 2006. White students declined from
84% in 1985 to 72% in 2006. On the other hand, the propor-
tion of Asian students increased from 4% to 12%, Hispanic
students from 2% to 9%, and American Indian students from
1% to 2% (appendix table 2-16). Black students increased
from 10% to 11% of freshmen intending to major in S&E.

Foreign Undergraduate Enrollment

The total number of foreign students (undergraduate, grad-
uate, and other) enrolled in U.S. academic institutions held
steady in 2005-06 after 2 consecutive years of decline. The
number of foreign students in S&E fields dropped in 2005-06
for the second year in a row (figure 2-8). Enrollment of new
foreign students increased 5%, suggesting that total foreign
enrollment is likely to increase in coming years. The num-
ber of foreign undergraduates decreased 1%, the fourth con-
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Figure 2-8
Foreign students, by field of study: 1996-97 to
2005-06
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NOTES: Foreign students include both undergraduate and graduate
students. Natural sciences include physical, biological, earth,
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mathematics. Social sciences include psychology.

SOURCE: Institute of International Education, Open Doors
(various years).
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secutive decline after record increases during the 1990s (IIE
2006). Decreases in foreign enrollments from 2001 through
2005 have been attributed to increased opportunity for higher
education in the home country, competition from other coun-
tries for foreign students, rising U.S. tuition, and difficulties in
obtaining U.S. visas (IIE 2005). Recently, adjustments to visa
requirements made it easier for students to obtain visas, and
their number increased. Declines in particular fields may also
be due to declining job opportunities in those fields. Among
all foreign students (undergraduate and graduate), the number
of those studying the physical sciences dropped 4%, math-
ematics 5%, engineering 5%, and computer sciences 12% in
2005-06 compared with the preceding year. Other S&E fields
experienced increases in foreign students; for example, agri-
cultural sciences and biological and biomedical sciences each
increased 5% and psychology increased 3% (IIE 2006).
South Korea (31,500), Japan (24,500), Canada (12,400),
China (10,900), and India (10,600) accounted for the larg-
est numbers of foreign undergraduates in the United States
in April 2007 and were among the top countries sending for-
eign undergraduates in S&E fields (figure 2-9; appendix table
2-17). Saudi Arabia and Nepal, which accounted for fewer
total undergraduates in the United States, were also among the
top countries sending foreign undergraduates in S&E fields.

Enrollment by Field

For the most part, undergraduate enrollment data are
not available by field; however, annual data on engineering
enrollment are available from the Engineering Workforce
Commission, and the Conference Board of Mathematical
Sciences compiles data on enrollment in mathematics and
statistics every 5 years.

¢ 2-19

Figure 2-9
Foreign undergraduate student enroliment in U.S.
universities, by field (S&E and all fields) for top 10
places of origin: April 2007
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SOURCE: Bureau of Citizenship and Immigration Services, Student
and Exchange Visitor Information System database, special
tabulations (2007). See appendix table 2-17.
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Engineering. Undergraduate engineering enrollment de-
clined through most of the 1980s and 1990s, rose from 2000
through 2003, and declined slightly in recent years. Under-
graduate engineering enrollment declined from 420,900
students in 1985 to about 361,400 students by 1999 before
rebounding to about 422,000 in 2003. By 2005, it declined to
409,300 (figure 2-10; appendix table 2-18). The declines in
undergraduate engineering enrollment in recent years were
evident for both men and women and for most racial/ethnic
groups (NSF/SRS 2007a). Graduate engineering enrollment
rose since the late 1990s, reaching a new peak of 147,900
in 2003, then declined to 139,800 in 2005 (figure 2-10; ap-
pendix table 2-19).

Mathematics and Statistics. Undergraduate enrollment
in mathematics and statistics departments declined slightly
between fall 2000 and fall 2005 in 4-year colleges and uni-
versities, and increased 26% in public 2-year colleges. More
than half of student enrollment in mathematics courses in
2-year colleges is in precollege (or remedial) mathematics
(Kirkman et al. 2007). The number of students taking pre-
college level courses (remedial courses) in mathematics at
4-year colleges and universities dropped from 261,000 in
fall 1990 to 201,000 in fall 2005. During the same period,
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Figure 2-10

U.S. engineering enroliment, by level: 1985-2005
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SOURCE: Engineering Workforce Commission, Engineering &
Technology Enrollments, Fall 2005, American Association of
Engineering Societies (2006). See appendix table 2-19.
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the number of students taking precollege level mathemat-
ics courses at 2-year colleges increased from 724,000 to
965,000 (table 2-4). The decline at 4-year institutions may
reflect the policies of some states to move state-supported
remedial education to 2-year institutions. Efforts are current-
ly under way in at least 26 states to improve communication
between high schools and colleges and to better align high
school graduation standards to skills required for college en-
try (Cohen et al. 2006).

Graduate Enrollment in S&E

Graduate S&E educational institutions are a major source
of both the high-skilled workers of the future and of the re-
search needed for a knowledge-based economy. This section
presents data on trends in graduate S&E enrollment, includ-
ing trends in first-time enrollment of foreign students after
September 11, 2001.

Table 2-4
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Enroliment by Field

S&E graduate enrollment in the United States reached a
new peak of 583,200 in fall 2005. Following a long period of
growth that began in the 1970s, graduate enrollment in S&E
declined in the latter half of the 1990s but increased steadily
since 1999 (appendix table 2-20). Growth occurred through
2005 in most major S&E fields, with two notable exceptions.
In computer sciences, enrollment increased through 2002,
and in engineering, through 2003. Enrollment in both areas
then declined through 2005, with the decline attributable to
foreign student enrollment. The number of full-time students
enrolled for the first time in S&E graduate departments of-
fers a good indicator of developing trends. The number of
first-time full-time S&E graduate students also reached a
new peak (110,400) in 2005. It declined in the mid-1990s
in all major S&E fields but increased in most science fields
through 2005 (appendix table 2-21). Growth was greatest in
biological sciences, medical/other life sciences, and social
and behavioral sciences. First-time full-time graduate en-
rollment declined in recent years in engineering; computer
sciences; mathematics; earth, atmospheric, and ocean sci-
ences; and agricultural sciences.

First-time full-time graduate enrollment, particularly in
engineering and computer sciences, often follows trends in
employment opportunities. When employment opportunities
are plentiful, recent graduates often forego graduate school,
but when employment opportunities are scarce, further train-
ing in graduate school may be perceived as a better option.
Figure 2-11 shows trends in unemployment rates and first-
time full-time graduate enrollment in engineering and com-
puter sciences. Enrollment in S&E fields that offer fewer
employment opportunities at the bachelor’s level (e.g., bio-
logical sciences) does not follow this trend.

Enrollment by Sex and Race/Ethnicity

The recent increase in S&E graduate enrollment overall
occurred across all major U.S. citizen and permanent resi-
dent demographic groups: women, minorities, and white
men. The number of women enrolling in graduate science
programs increased for the past two decades except for a

Enrolliment in mathematics courses, by type of school and course level: Fall 1990, 1995, 2000, and 2005

(Thousands)

Type of school/course level

1990 1995 2000 2005

4-year colleges and universities

All mathematiCS COUISES........uuuiiiiiiiiiiiiiiieeeeecesieee e e e eeeireeeee e e e

Precollege mathematics courses
Public 2-year college mathematics programs

All MathematiCS COUISES......ccoiuuiiiiiuiiiiiiiiieeeieee et
Precollege mathematics COUrSeS........ouuriiiiniiiiiiiieeiiiee e

1,619 1,469 1,614 1,607
261 222 219 201

.................................. 1,241 1,384 1,273 1,580

724 800 763 965

NOTE: Includes distance learning.

SOURCE: Kirkman E, Lutzer KJ, Maxwell JW, Rodi SB, CBMS [Conference Board for Mathematical Sciences] 2005: Statistical Abstract of Undergraduate
Programs in the Mathematical Sciences in the United States, Fall 2005 CBMS Survey, American Mathematical Society (2007), http://www.ams.org/cbms/,

accessed 3 April 2007.
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Figure 2-11

First-time full-time graduate enroliment in
engineering and computer sciences and
unemployment rate of all workers: 1980-2004
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SOURCES: National Science Foundation, Division of Science
Resources Statistics, Survey of Graduate Students and
Postdoctorates in Science and Engineering, WebCASPAR database,
http://webcaspar.nsf.gov. Unemployment rates from Bureau of
Labor Statistics, Current Population Survey, Table 1. Employment
status of the civilian noninstitutional population, 1940 to date,
ftp://ftp.bls.gov/pub/special.requests/If/aat1.txt, accessed 3 April
2007. See appendix table 2-21.
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decline in computer sciences enrollment since 2002. In con-
trast, the number of male S&E graduate students declined
from 1993 through the end of that decade before increasing
in recent years (appendix table 2-20).

The long-term trend of women’s rising proportions in
S&E fields also continued. Women made up 36% of S&E
graduate students in 1985 and 49% in 2005, although large
variations among fields persist. In 2005, women constituted
the majority of graduate enrollment in psychology (76%),
medical/other life sciences (78%), biological sciences
(56%), and social sciences (54%). They constituted con-
siderable proportions of graduate students in mathematics
(37%), chemistry (40%), and earth, atmospheric, and ocean
sciences (46%). However, their percentage in computer sci-
ences (25%) remains unchanged since 1985 and their per-
centages in engineering (22%) and physics (20%) remain
low (appendix table 2-20).

The proportion of underrepresented minority (black, His-
panic, and American Indian/Alaska Native) students in gradu-
ate S&E programs increased from about 6% in 1985 to about
11% in 2005.° Increases occurred in all major science fields
and in engineering during that period (appendix table 2-22).
In 2005, blacks, Hispanics, and American Indians/Alaska Na-
tives as a group made up 6%—7% of graduate enrollment in
many S&E fields (engineering; mathematics; physical sci-
ences; earth, atmospheric, and ocean sciences; and computer
sciences), 8%—9% of graduate enrollment in agricultural and
biological sciences, 14% in medical/other life sciences, 17%
in social sciences, and 19% in psychology.
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The number of white S&E graduate students decreased
from 1994 to 2001 in most S&E fields and then increased
through 2005, while the numbers of black, Hispanic, and
American Indian/Alaska Native students increased steadily
from 1985 through 2005 (figure 2-12). The long-term rise in
the numbers of black, Hispanic, and American Indian/Alaska
Native graduate students occurred in most S&E fields with
the exceptions of engineering and mathematics. In those two
fields, enrollment reached a plateau in the 1990s before ris-
ing again from 2000 through 2005. In computer sciences,
enrollment of blacks and American Indians/Alaska Natives
peaked in the early 2000s as it did for all other racial/ethnic
groups, then declined (although Hispanic enrollment in
computer sciences continued to rise). The number of Asian/
Pacific Islander S&E graduate students increased every year
since 1985 with the exception of 2000 and 2004. As was
the case for all racial/ethnic groups, Asian enrollment in
graduate engineering programs dropped in the mid-1990s,
increased through 2003, then declined again. Asians/Pacific
Islanders accounted for about 7% of S&E graduate enroll-
ment in 2005 (appendix table 2-22).

Foreign Student Enroliment

Foreign graduate student enrollment in S&E grew from
79,900 in 1985 to 154,900 in 2003 before declining through
2005. Despite the decline, the number of foreign S&E grad-
uate students in 2005 (146,700) was higher than in 2001.
Foreign students increased from 20% to 25% of all S&E
graduate students from 1985 to 2005 (appendix table 2-22).
The concentration of foreign enrollment was highest in engi-
neering (45%), computer sciences (43%), physical sciences
(40%), and mathematics (37%).

Figure 2-12
S&E graduate enroliment, by citizenship and race/
ethnicity: Selected years, 1985-2005
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SOURCE: National Science Foundation, Division of Science
Resources Statistics, Survey of Graduate Students and
Postdoctorates in Science and Engineering, Integrated Science and
Engineering Resources Data System (WebCASPAR),
http://webcaspar.nsf.gov.
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First-time full-time enrollment of foreign S&E graduate
students increased 4% in fall 2005, the first increase since
September 11, 2001, although numbers remain below those
0of 2001 (appendix table 2-23). The number of first-time full-
time foreign students declined 18% from 2001 through 2004.
Declines were concentrated mainly in engineering (down
26%) and computer sciences (down 36%); these fields are
heavily favored by foreign students. First-time full-time for-
eign enrollment increased 5% in biological sciences and 1%
in medical/other life sciences from 2001 through 2004. For-
eign students’ share of first-time full-time S&E graduate en-
rollment dropped from 35% in fall 2000 to 27% in fall 2005,
with most of the decrease in computer sciences (from 71% to
56%) and engineering (61% to 51%) (appendix table 2-23).

According to data collected by the Institute of Internation-
al Education, the overall number of foreign graduate students
in all fields decreased 2% from academic year 2004—05 to
2005-06, with all of the decrease occurring among master’s
degree students. The proportion of foreign master’s degree
students decreased 5% and that of foreign doctoral students
increased 6%. India, China, South Korea, Taiwan, and Can-
ada are the top places of origin for foreign graduate students.
More than half of all foreign graduate students are studying
S&E. More recent data from the Bureau of Citizenship and
Immigration Services show an increase in foreign graduate
students from April 2006 to April 2007, with foreign en-
rollment in S&E fields growing 8% (appendix table 2-24).
Most of the growth was in computer sciences (up 14%) and
engineering (up 10%). In April 2007, India accounted for
66,500 foreign graduate students with 70% in S&E fields.
China accounted for 48,300 foreign graduate students with
67% in S&E. In contrast, less than half of graduate students
from South Korea, Taiwan, and Canada were studying S&E
fields. Business accounts for large numbers of graduate stu-
dents from South Korea and Taiwan, and education accounts
for large numbers of graduate students from Canada.
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Persistence, Retention, and
Attainment in Higher Education
and in S&E

Many students who start out in undergraduate or graduate
programs drop out before completing a degree. This section
examines differences between S&E and non-S&E students
in persistence and completion of higher education.

Undergraduate Retention

S&E students persist and complete undergraduate pro-
grams at about the same rate as non-S&E students. Six years
after enrollment in a 4-year college or university in 1995-96,
about 60% of both S&E and non-S&E students had com-
pleted a bachelor’s degree. Another 13%—17% were still en-
rolled and may eventually have earned a bachelor’s degree,
and about 20% had not completed any degree and were no
longer enrolled (table 2-5).

Undergraduate field switching out of S&E is about equal-
ly matched by entry into S&E fields as a whole. Among
postsecondary students who began at 4-year colleges or
universities in 1995-96, 26% reported an S&E major, 44%
reported a non-S&E major, and 31% were missing data on
major or had not declared a major. Of those for whom data
on major are available and reported, 37% reported an S&E
major. Six years later, among those who had attained a bach-
elor’s degree, 39% were S&E majors. Although about 30%
of agricultural/biological sciences majors, 20% of engineer-
ing/computer sciences/mathematics/physical sciences ma-
jors, and 30% of social sciences majors eventually switched
to non-S&E majors before earning a bachelor’s degree, 43%
of those with initially missing or undeclared majors and 14%
of those with initial non-S&E majors switched into S&E
fields before earning their bachelor’s degrees (table 2-6).

Within S&E fields, undergraduate attrition out of agricultural/
biological sciences and physical/mathematics/computer
sciences/engineering fields is greater than transfers into those
fields, and transfers into social/behavioral sciences are greater

Table 2-5
Persistence and outcome of postsecondary students beginning 4-year colleges or universities in 1995: 2001
(Percent)
Cumulative persistence outcome 2001
Associate’s Still No longer
Major in 1995 Number  Bachelor’s  or certificate  enrolled enrolled Missing
All MJOIS .. 1,369,400 58.0 6.6 14.4 20.8 0.3
Agricultural/biological SCIENCES .........ccceeveerieeriieennne. 115,300 60.8 4.0 16.7 18.2 0.3
Physical/math/computer sciences/engineering........ 153,600 59.4 7.3 141 19.2 0.1
Social and behavioral sciences 82,600 62.4 3.4 14.7 19.1 0.5
NON-S&E.......ccoiiiiriiciicecee e 599,000 57.7 7.6 13.2 21.2 0.2
Missing/undeclared ...........cccoeriiiiiiniieenienieeseee 418,900 56.3 6.1 180 21.7 0.4

NOTE: Physical sciences include earth, atmospheric, and ocean sciences.

SOURCE: National Center for Education Statistics, 2001 Beginning Postsecondary Students Longitudinal Study, special tabulations (2007).
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Table 2-6
Field switching among postsecondary students beginning 4-year colleges and universities in 1995: 2001
(Percent)
Major when last enrolled in 2001
Physical/math/
Agricultural/ computer Social and
biological sciences/ behavioral Missing/
Major in 1995 Number sciences engineering sciences Non-S&E undeclared
All MJOIS .ttt eeens 1,369,400 9.9 131 15.9 61.1 0.1
Agricultural/biological sciences 115,300 48.9 9.1 11.5 30.5 0.0
Physical/math/computer sciences/engineering... 153,600 5.6 71.4 BI5 19.6 0.0
Social and behavioral sciences..........ccccccceeeuuueene. 82,600 3.0 3.2 64.1 29.6 0.0
NON-S&E ...t 599,000 3.4 2.7 8.1 85.9 0.0
Missing/undeclared ...........ccooceeieiniieeiienieeiees 418,900 11.0 9.4 22.7 56.7 0.2

NOTE: Physical sciences include earth, atmospheric, and ocean sciences.

SOURCE: National Center for Education Statistics, 2001 Beginning Postsecondary Students Longitudinal Study, special tabulations (2007).

than attrition. Among postsecondary students who began at
4-year colleges or universities in 1995-96 and for whom data
on major are available and reported, 12% reported an agri-
cultural/biological sciences major, 16% reported a physical
sciences/mathematics/computer sciences/engineering major,
and 9% reported a social/behavioral sciences major. Six years
later, among those who had attained a bachelor’s degree, 10%
were agricultural/biological sciences majors, 13% were physi-
cal sciences/mathematics/computer sciences/engineering
majors, and 16% were social/behavioral sciences majors.
(See sidebar “Effects of Research Experiences on Interest,
Retention, and Success.”)

Graduate Retention

S&E bachelor’s degree recipients are more likely to enroll
in and complete graduate training than bachelor’s degree re-
cipients in most other fields. Fifty-seven percent of 1992-93
bachelor’s degree recipients in natural sciences and math-
ematics and 50% of those with bachelor’s degrees in social
and behavioral sciences enrolled in graduate school by 2003,
compared with 25%-43% of graduates in most other fields
(including 39% of engineering graduates). Education gradu-
ates also had a high percentage enrolling in graduate school
(50%). Forty percent of natural sciences and mathematics
bachelor’s degree recipients completed an advanced degree
program within 10 years, compared with 17%-31% of gradu-
ates in other fields, and 9% had completed a doctoral degree
compared with up to 3% of graduates in other fields (table
2-7). Not all of those who completed an advanced degree
completed it in an S&E field. The majority of S&E bachelor’s
degree recipients who earn additional degrees earn them in
non-S&E fields (e.g., business, law, or medicine). About one-
fourth earn additional degrees in the same S&E field, and the
remainder earn them in other S&E fields (NSF/SRS 2006b).

Graduate completion rates are roughly comparable to un-
dergraduate completion rates. Among students enrolled in
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doctoral programs in the early 1990s, about 60% completed
doctorates within 10 years. Completion rates vary by disci-
pline, with 64% of engineering students, 62% of life scienc-
es students, and 55% of physical and social sciences students
completing doctorates within 10 years (CGS 2005). Timing
of graduate attrition varies by discipline. Early attrition from
doctoral programs is more common in engineering, physical
sciences, and mathematics, and later attrition is more com-
mon in humanities and social sciences.

U.S. Higher Education Degree Awards

The number of degrees awarded by U.S. academic insti-
tutions has been increasing over the past two decades both
in S&E and non-S&E fields. For information on the labor
market conditions for recent S&E graduates, see “Labor
Market Conditions for Recent S&E Graduates” in chapter 3
(Science and Engineering Labor Force) and “Trends in Aca-
demic Employment of Doctoral Scientists and Engineers” in
chapter 5 (Academic Research and Development).

S&E Associate’s Degrees

Community colleges are often an important and relatively
inexpensive gateway for students entering higher education.
Associate’s degrees, largely offered by 2-year programs at
community colleges, are the terminal degree for some peo-
ple, but others continue their education at 4-year colleges or
universities and subsequently earn higher degrees.!® Associ-
ate’s degrees in S&E or engineering technology accounted
for about 12% of all associate’s degrees in 2005.

S&E associate’s degrees from all types of academic in-
stitutions rose from 26,500 in 1985 to 45,700 in 2005. The
increase in the late 1990s and the early 2000s is mainly at-
tributable to computer sciences, which represented 61% of
all S&E associate’s degrees by 2005. In contrast, the num-
ber of associate’s degrees awarded in engineering mainly
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Effects of Research Experiences on Interest, Retention, and Success

Opportunities for students to engage in early experi-
ences as a working scientist or engineer have been in
existence for some time. However, formal studies of
the outcomes of such opportunities were not undertaken
until fairly recently. There is now a growing body of
literature that examines the results of such efforts and
analyzes them for their effect on at least one of the fol-
lowing outcomes: student attitudes toward science,
student research skills, student confidence in his or her
ability to become a scientist or engineer, and retention
of students within the field, including entry into gradu-
ate school or graduation with a doctorate. In general,
each study found increases in students’ understanding
of the scientific process, the way in which research is
done, and, to varying degrees, their commitment to ma-
joring in science or engineering, to entering a science
or engineering career, and to enrolling in a science or
engineering graduate program.

These research experiences are often either hands-on
research opportunities (participation in an active research
laboratory or a didactic laboratory course specifically
devoted to working on ongoing research projects) or
literature-based research opportunities (participation in a
class designed around seminar-type discussion of ongo-
ing research topics or analysis of papers from the primary
literature). In engineering, these experiences generally

Table 2-7

include a freshman design course and/or a sophomore or
junior internship.

A recent comparison of results from nine studies of un-
dergraduate hands-on research experiences (Boylan 2006)
reveals some overall consistencies in findings but also
some interesting variations. Students who participated in
an undergraduate research experience reported, in general,
a greater interest in STEM research, greater understand-
ing of the research process and the strategies and tools
that scientists use to solve problems, and a broader sense
of career options in the field (particularly true of the life
sciences when students switched from purely medical to
broader career goals). The size of the effect on changes
in career or graduate education goals are, to some extent,
less consistent. One study (Hunter, Laursen, and Seymour
2007) focused on a small set of institutions and found that
participating students with high grade point averages were
already committed to a career in S&E and so the research
experience, although affirming, did not seem to have a
large effect on subsequent entry into a graduate program.
Other studies (Barlow and Villarejo 2004; Clewell et al.
2006; Price 2005; Russell, Hancock, and McCullough
2007; Summers and Hrabowski 2006) found that students
with a broader range of abilities as well as underrepresent-
ed minority students were more likely to stay in or switch
to an S&E major and to pursue S&E graduate education.

1992-93 bachelor’s degree recipients, by graduate enroliment status, highest degree attained, and baccalaureate

degree major: 2003

(Percent)

Enrollment in graduate program

Highest degree attained

Advanced degree

Left First

All ever Currently without  Bachelor’s Master’s professional Doctoral

Baccalaureate degree major enrolled Completed enrolled completing  degree? All  degree degree degree
All MAJOIS...oeiiiiiiiiiie it 40.1 24.8 5.9 9.4 74.4 256 19.7 4.0 1.9
Business and management................ 25.4 16.6 3.2 5.6 83.3 16.7 14.7 1.8 0.2
Education.......cccccveeiieniiennnen. 50.3 28.3 8.1 13.9 711 289 26.3 1.5 1.1
Engineering .. 39.2 24.5 5.4 9.3 74.2 25,9 222 0.9 2.7
Health.......ccoeiiiiiiiiiiee, .. 36.5 22.0 6.5 8.0 77.9 22.1 19.4 2.1 0.6
Public affairs/social services............... 36.3 20.6 6.2 9!5 79.4 20.6 18.2 1.8 0.6
Humanities.......cccocveieiieciicieeee 42.6 255 7.1 10.1 73.0 27.1 21.5 4.3 1.2
Social and behavioral sciences .......... 49.8 30.3 8.7 10.8 68.6 314 218 7.2 2.3
Natural sciences and mathematics ....  56.7 38.6 6.4 11.7 60.3 39.7 18.7 12.0 9.0
Other.....coieiiiiiiiecece e 34.4 21.7 4.2 8.6 77.6 224 18.0 3.4 1.0

aIncludes postbaccalaureate certificates.

SOURCE: National Center for Education Statistics (NCES), Where Are They Now? A Description of 1992-93 Bachelor’s Degree Recipients 10 Years Later,

NCES 2007-159 (2006).
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decreased. Degrees earned in engineering technology (not
included in S&E degree totals because of their practice-
focused nature) declined from 53,700 in 1985 to 28,800 in
2005 (appendix table 2-25).

Women earned 40% of S&E associate’s degrees in 2005,
down from 45% in 1985 and less than their percentage of
S&E bachelor’s degrees (50%). As is the case with men, the
largest number of S&E associate’s degrees earned by wom-
en are in computer sciences (appendix tables 2-25).

Trends in the number of associate’s degrees earned by
students’ race/ethnicity are shown in appendix table 2-26.!"!
Students from underrepresented groups earn a considerably
higher proportion of associate’s degrees than they do of
bachelor’s or more advanced degrees (figure 2-13). In 2005,
they earned more than one-third of all associate’s degrees in
social and behavioral sciences and almost one-quarter of all
associate’s degrees in mathematics and computer sciences.
The percentage of computer sciences associate’s degrees
earned by these students almost doubled since 1985.

Figure 2-13
Underrepresented minority share of S&E degrees,
by degree level and field: 2005
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SOURCES: National Center for Education Statistics, Integrated
Postsecondary Education Data System, Completions Survey; and
National Science Foundation, Division of Science Resources
Statistics, Survey of Earned Doctorates, WebCASPAR database,
http://webcaspar.nsf.gov. See appendix tables 2-26, 2-28, 2-30,
and 2-32.
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S&E Bachelor’s Degrees

The baccalaureate is the most prevalent degree in S&E,
accounting for 70% of all S&E degrees awarded. S&E bach-
elor’s degrees consistently accounted for roughly one-third
of all bachelor’s degrees for the past two decades. Except
for a brief downturn in the late 1980s, the number of S&E
bachelor’s degrees has risen steadily from 332,300 in 1985
to 466,000 in 2005 (appendix table 2-27).

Trends in the number of S&E bachelor’s degrees vary
widely among fields (figure 2-14). The number of bache-
lor’s degrees earned in engineering, which peaked in 1985,
dropped through most of the 1990s before increasing again
through 2005. In computer sciences, the number of bache-
lor’s degrees increased sharply from 1998 to 2004 but fell in
2005. Except for slight dips in the late 1980s and from 1999
to 2002, bachelor’s degrees in biological/agricultural scienc-
es have been increasing, reaching a new peak in 2005. The
number of social and behavioral sciences degrees awarded
rose in the late 1980s and again in the 2000s, reaching a new
peak in 2005 (appendix table 2-27).

Figure 2-14

S&E bachelor’s degrees, by field: 1985-2005
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SOURCES: National Center for Education Statistics, Integrated
Postsecondary Education Data System, Completions Survey; and
National Science Foundation, Division of Science Resources
Statistics, WebCASPAR database, http://webcaspar.nsf.gov. See
appendix table 2-27.
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S&E Bachelor’s Degrees by Sex

Women outnumbered men in undergraduate education
since 1982 and earned 58% of all bachelor’s degrees in 2005;
they earned about half of all S&E bachelor’s degrees since
2000. Within S&E, men and women tend to study different
fields. Men earned a majority of bachelor’s degrees awarded
in engineering, computer sciences, and physics (80%, 78%,
and 79%, respectively). Women earned more than half of
bachelor’s degrees in psychology (78%), agricultural sci-
ences (51%), biological sciences (62%), chemistry (52%),
and social sciences (54%) (appendix table 2-27). The share
of bachelor’s degrees awarded to women increased in almost
all major S&E fields during the past two decades. One no-
table exception, however, is computer sciences. From 1985
through 2005, the proportion of computer sciences bach-
elor’s degrees awarded to women dropped from 37% to
22% (figure 2-15). Among fields with notable increases in
the proportion of bachelor’s degrees awarded to women are
earth, atmospheric, and ocean sciences (from 25% to 42%);
agricultural sciences (from 35% to 51%); and chemistry
(from 36% to 52%).

The number of S&E bachelor’s degrees awarded to
women as well as the total number of bachelor’s degrees

Figure 2-15

Female share of S&E bachelor’s degrees, by field:
1985-2005

Percent

100

so|

-
-
_____

-
-

Engineering

0 I 1 I 1 I 1 I 1 I 1 I 1 I I 1 I 1 I

1985 1987 1989 1991 1993 1995 1997 2001 2003 2005

NOTES: Physical sciences include earth, atmospheric, and ocean
sciences. Data not available for 1999.

SOURCES: National Center for Education Statistics, Integrated
Postsecondary Education Data System, Completions Survey; and
National Science Foundation, Division of Science Resources
Statistics, WebCASPAR database, http://webcaspar.nsf.gov. See
appendix table 2-27.
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in all fields rose from 1985 through 2005, with a brief drop
in numbers of engineering and natural sciences degrees in
the late 1980s and early 1990s and another decline in 2005.
In contrast, the number of S&E bachelor’s degrees awarded
to men as well as the total number of bachelor’s degrees in
all fields reached a plateau in the 1990s but increased from
2002 through 2005. The flat numbers of S&E bachelor’s de-
grees awarded to men in the 1990s masked several diver-
gent trends. The number of engineering, physical sciences,
and social and behavioral sciences degrees awarded to men
dropped in the 1990s, while the number of bachelor’s de-
grees in agricultural and biological sciences generally in-
creased in the 1990s.'?

S&E Bachelor’s Degrees by Race/Ethnicity

The racial/ethnic composition of those earning S&E
bachelor’s degrees changed over the past two decades, re-
flecting both population change and increasing college at-
tendance by members of minority groups.'* Between 1985
and 2005, the proportion of S&E degrees awarded to white
students declined from 82% to 65%. The proportion award-
ed to Asians/Pacific Islanders increased from 4% to 9%, to
black students from 5% to 8%, to Hispanic students from
4% to 8%, and to American Indian/Alaska Native students
from 0.4% to 0.7% (figure 2-16). The number of S&E
bachelor’s degrees earned by white students decreased in
the 1990s as their numbers in the college-age population
dropped, but rose again through 2005. The number of S&E
bachelor’s degrees earned by students of unknown race/
ethnicity also increased. See sidebar “Increase in Student
Nonreporting of Race/Ethnicity.”

Figure 2-16

Minority share of S&E bachelor’s degrees, by race/
ethnicity: 1985-2005
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SOURCES: National Center for Education Statistics, Integrated
Postsecondary Education Data System, Completions Survey; and
National Science Foundation, Division of Science Resources
Statistics, WebCASPAR database, http://webcaspar.nsf.gov. See
appendix table 2-28.
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Increase in Student Nonreporting
of Race/Ethnicity

For several years, the number and percentage of
students not reporting race/ethnicity on their college
applications and thus the number and percentage of
students of unknown race/ethnicity in federal surveys
of higher education enrollment and degrees have in-
creased. In 2005, about 25,700 S&E bachelor’s degree
recipients (almost 6% of the total) were of unknown
race/ethnicity, up from about 3,700 (1% of the total)
in 1985 (appendix table 2-28). At some colleges and
universities, the percentage of students who decline to
report race/ethnicity is as high as 25% (JBHE 2005).
How the unknown category is treated in data reporting
can affect estimates of the composition of the student
body and trends in minority enrollment or degree at-
tainment. Inclusion of these students in counts of “mi-
nority” students or omitting these students from totals
or calculations of percentages inflates the number and
fraction of minority students.

Level of selectivity of the school is a factor, with the
most selective colleges and universities having a higher
percentage of students not reporting race than is the case
for colleges and universities in the United States overall
(JBHE 2005). Most students of unknown race/ethnicity
are white and another substantial number are thought to
be multiple race (Linneman and Chatman 1996; Smith
et al. 2005). The reluctance of white students to report
race/ethnicity on college admissions forms may reflect
a belief that their race/ethnicity would negatively af-
fect admissions decisions. Thus, timing of collection of
race/ethnicity data seems to be a factor in the number
of students who do or do not report (Smith et al. 2005).
Schools that collect race/ethnicity data after students
matriculate generally have lower percentages of stu-
dents not reporting race/ethnicity.

Despite considerable progress for underrepresented mi-
nority groups between 1985 and 2005 in earning bachelor’s
degrees in any field, the gap in educational attainment be-
tween young minorities and whites continues to be wide. The
percentage of blacks ages 25-29 with a bachelor’s or higher
degree rose from 12% in 1985 to 18% in 2005, whereas
the percentage of Hispanics ages 25-29 with a bachelor’s
or higher degree was 11% in 1985 and 2005 (NCES 2006).
For whites ages 25-29, this percentage rose from 24% in
1985 to 34% in 2005. Differences in completion of bach-
elor’s degrees in S&E by race/ethnicity reflect differences in
high school completion rates, college enrollment rates, and
college persistence and attainment rates. In general, blacks
and Hispanics are less likely than whites and Asians/Pacific
Islanders to graduate from high school, to enroll in college,
and to graduate from college (see “Transition to Higher
Education” in chapter 1 for information on immediate post-
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high school college enrollment rates). Among those who do
enroll in or graduate from college, however, blacks, Hispanics,
and American Indians/Alaska Natives are about as likely as
whites to choose S&E fields; Asians/Pacific Islanders are
more likely than members of other racial/ethnic groups to
choose these fields. For Asians/Pacific Islanders, almost half
of all bachelor’s degrees received are in S&E, compared with
about one-third of all bachelor’s degrees earned by each of
the other racial/ethnic groups.

The contrast in field distribution among whites, blacks,
Hispanics, and American Indians/Alaska Natives on the
one hand and Asians/Pacific Islanders on the other is appar-
ent within S&E fields as well. White, black, Hispanic, and
American Indian/Alaska Native S&E baccalaureate recipi-
ents share a similar distribution across broad S&E fields. In
2005, between 9% and 12% of all baccalaureate recipients
in each of these racial/ethnic groups earned their degrees in
the social sciences; 4% to 5%, in the biological sciences; and
3% to 4% in engineering and in computer sciences. Asian/
Pacific Islander baccalaureate recipients earned higher pro-
portions of their baccalaureates in biological sciences, com-
puter sciences, and engineering (appendix table 2-28).

For all racial/ethnic groups (except white), the total num-
ber of bachelor’s degrees, the number of S&E bachelor’s
degrees, and the number of bachelor’s degrees in most S&E
fields (except computer sciences) generally increased over
the past two decades. After steep increases since the late
1990s, students in each racial/ethnic group earned sharply
fewer bachelor’s degrees in computer sciences in 2005.
For white students, the total number of bachelor’s degrees,
the number of S&E bachelor’s degrees, and the number of
bachelor’s degrees in most S&E fields, generally dropped
between 1993 and 2001 and increased since then. The num-
ber of computer science bachelor’s degrees earned by white
students dropped in 2004 and 2005 (appendix table 2-28).

Bachelor’s Degrees by Citizenship

Over the past two decades, students on temporary visas in
the United States consistently earned a small share (4%) of
S&E degrees at the bachelor’s level. However, they earned
8% of bachelor’s degrees awarded in computer sciences in
2005 and 7% of those awarded in engineering. The number
of S&E bachelor’s degrees awarded to students on temporary
visas increased over the past two decades from about 14,100
in 1985 to 18,400 in 2005. Trends in the number of degrees
by field generally followed the pattern noted above for all
racial/ethnic groups except whites (appendix table 2-28).

S&E Master’s Degrees

Master’s degrees are often the terminal degree for stu-
dents in some fields, for example, engineering and geol-
ogy. In other fields, master’s degrees are a step toward a
doctoral degree, and in yet others, master’s degrees are
awarded when students fail to advance to the doctoral
level. A relatively new development, professional master’s
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degrees, often stress interdisciplinary training and prepara-
tion for work in emerging fields (NSB 2006).

Master’s degrees in S&E fields increased from 70,600
in 1985 to 120,000 in 2005 (appendix table 2-29). Increas-
es occurred in most major S&E fields. Master’s degrees
in engineering and physical sciences dipped from 1995 to
2002 but increased in recent years, and master’s degrees
in computer sciences generally increased through 2004 but
dropped in 2005 (figure 2-17).

Master’s Degrees by Sex

Since 1985, the number of S&E master’s degrees earned
by women more than doubled, rising from 22,300 to 53,100
in 2005 (figure 2-18). The number of master’s degrees
earned by men grew more slowly from 48,200 in 1985 to
67,000 in 2005, with most of the growth between 2002 and
2004. As a result, the percentage of women earning mas-
ter’s degrees rose steadily during the past two decades. In
1985, women earned 32% of all S&E master’s degrees; by
2005, they earned 44% (appendix table 2-29).

Women'’s share of S&E master’s degrees varies by field.
In 2005, women earned a majority of master’s degrees in
psychology (79%), biological sciences (60%), social sci-

Figure 2-17

S&E master’s degrees, by field: 1985-2005
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SOURCES: National Center for Education Statistics, Integrated
Postsecondary Education Data System, Completions Survey; and
National Science Foundation, Division of Science Resources
Statistics, WebCASPAR database, http://webcaspar.nsf.gov. See
appendix table 2-29.
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Figure 2-18
S&E master’s degrees, by sex: 1985-2005
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SOURCES: National Center for Education Statistics, Integrated
Postsecondary Education Data System, Completions Survey; and
National Science Foundation, Division of Science Resources
Statistics, WebCASPAR database, http://webcaspar.nsf.gov. See
appendix table 2-29.
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ences (56%), and agricultural sciences (53%); they earned
their lowest share in engineering, although their share in
2005 (22%) was higher than their share in 1985 (11%) (ap-
pendix table 2-29). The number and percentage of master’s
degrees awarded to women in all major S&E fields (with
the exception of computer sciences) increased since 1985.
In computer sciences, the number of master’s degrees
awarded to women increased through 2004 but dropped in
2005, and the percentage of degrees awarded to women
dropped from 34% in 2001 to 28% in 2005.

Master’s Degrees by Race/Ethnicity

The number of S&E master’s degrees awarded increased
for all racial/ethnic groups from 1985 to 2005, although de-
grees to white students dropped from 1996 to 2002 before
increasing again (figure 2-19)." Trends in the number of
master’s degrees by field were similar for most racial/ethnic
groups except white. For most groups, the number of master’s
degrees in engineering, biological sciences, and social and
behavioral sciences generally rose throughout the period
1985-2005. The number of master’s degrees in physical
sciences generally dropped, especially from 1995 to 2005,
and the number of master’s degrees in computer sciences
generally increased but dropped sharply in 2005. Master’s
degrees awarded to American Indian/Alaska Native students
generally followed this pattern except for drops in most fields
in 2005. Master’s degrees awarded to Asian/Pacific Islander
students generally followed this pattern except for a drop in
the number of engineering degrees from 1997 to 2002. For
white students, the number of master’s degrees awarded in
most S&E fields dropped in the mid-1990s through 2002
before increasing again through 2005. As was the case for
most racial/ethnic groups, the number of computer science
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Figure 2-19
S&E master’s degrees, by race/ethnicity and
citizenship: 1985-2005
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National Science Foundation, Division of Science Resources
Statistics, WebCASPAR database, http://webcaspar.nsf.gov. See
appendix table 2-30.
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master’s degrees earned by white students rose through
2004 but dropped sharply in 2005 (appendix table 2-30).
The proportion of master’s degrees in S&E fields earned
by U.S. citizen and permanent resident racial and ethnic
minorities increased over the past two decades. Asians/
Pacific Islanders accounted for 7% of master’s degrees in
2005, up from 5% in 1985. Blacks and Hispanics also reg-
istered gains during this period (from 3% to 6% for blacks
and from 2% to 4% for Hispanics). American Indians/
Alaska Natives earned 0.4% of S&E master’s degrees in
1985 and 2005. The percentage of S&E master’s degrees
earned by white students fell from 68% in 1985 to 47% in
2005 as the percentage of degrees earned by minorities and
temporary residents increased (appendix table 2-30).

Master’s Degrees by Citizenship

S&E master’s degrees awarded to students on temporary
visas rose from approximately 12,500 in 1985 to about 33,500
in 2005, and increased in most S&E fields during that peri-
od. The number of degrees generally rose through 2004 but
dropped in 2005, especially in computer sciences and engi-
neering. The number of physical sciences and biological sci-
ences master’s degrees earned by students on temporary visas
dropped in the mid-1990s but increased from 2002 to 2005.

Foreign students make up a much higher proportion of
S&E master’s degree recipients than they do of bachelor’s or
associate’s degree recipients. During the past two decades,
the share of S&E master’s degrees earned by temporary resi-
dents rose from 19% to 28%. Their degrees are heavily con-
centrated in computer sciences and engineering, where they
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earned 42% and 44%, respectively, of all master’s degrees
awarded in 2005 (appendix table 2-30). Within engineering,
students on temporary visas earned more than half of mas-
ter’s degrees in chemical engineering (51%) and in electrical
engineering (55%). Temporary residents also earned a high
share of master’s degrees in economics (49%).

S&E Doctoral Degrees

Global economic competition and the spreading conviction
that highly educated workforces are key to successfully build-
ing growth economies increased interest both in the United
States and abroad in the supply of foreign and domestic doc-
torate recipients and their migration across borders.

The number of S&E research doctorates conferred annu-
ally by U.S. universities reached a new peak of almost 30,000
in 2005." After rising from the mid-1980s through 1998, the
number of S&E doctorates declined through 2002 but in-
creased in recent years. (For information on employment of
recent doctorate recipients, see “Labor Market Conditions
for Recent S&E Graduates” in chapter 3, Science and Engi-
neering Labor Force, and “Trends in Academic Employment
of Doctoral Scientists and Engineers” in chapter 5, Academ-
ic Research and Development.) The increases through the
mid-1990s as well as the recent growth through 2005 largely
reflected growth in the number of foreign degree recipients.
The largest increases were in engineering and biological/
agricultural sciences (figure 2-20). The 2003 through 2005
increases in earned doctorates reflect more degrees earned
by both U.S. citizens and non-U.S. citizens (see the discus-
sion in this chapter on foreign S&E doctorate recipients).

Doctoral Degrees by Sex

Among U.S. citizens, the proportion of S&E doctoral de-
grees earned by women has risen considerably in the past
two decades, reaching a record high of 46% in 2005 (appen-
dix table 2-31). During this period, women made gains in all
major fields. However, as figure 2-21 shows, considerable
differences by field continue. Women earn half or more of
doctorates in non-S&E fields, in social/behavioral sciences,
and in life sciences, but they earn considerably less than half
of doctorates in physical sciences (29%), math/computer sci-
ences (24%), and engineering (20%) (appendix table 2-31).
Although the percentages of degrees earned by women in
these fields is low, they are substantially higher than was the
case in 1985 (16%, 17%, and 9%, respectively).

The increase in the proportion of S&E doctoral degrees
earned by women resulted from both an increase in the num-
ber of women and a decrease in the number of men earning
such degrees. The number of U.S. citizen women earning
doctorates in S&E increased from 4,400 in 1985 to 7,500 in
2005 (appendix table 2-31). Meanwhile, the number of S&E
doctorates earned by U.S. citizen men declined from 9,300
in 1985 to 8,600 in 2005. The increase in the number of S&E
doctorates earned by women occurred in most major S&E
fields. For example, the number of engineering doctorates
earned by U.S. citizen women increased from 119 in 1985
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Figure 2-20
S&E doctoral degrees earned in U.S. universities,
by field: 1985-2005
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Figure 2-21
U.S. citizen female share of doctoral degrees,
by field: 1985, 1995, and 2005
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to 396 in 2005; biological sciences doctorates from 1,032
to 2,024; physical sciences doctorates from 323 to 516; and
social/behavioral sciences doctorates from 2,224 to 3,117.
A decrease in the number of doctorates earned by men after
the mid-1990s occurred in non-S&E fields as well as in en-
gineering and in most science fields (except for biological
sciences and medical/other life sciences).!

Doctoral Degrees by Race/Ethnicity

The number and proportion of doctoral degrees in S&E
fields earned by U.S. citizen underrepresented minorities
also increased over the past two decades. Blacks, Hispan-
ics, and American Indians/Alaska Natives together earned
almost 1,600 S&E doctorates in 2005, accounting for 5%
of all S&E doctorate degrees earned that year, up from 3%
in 1985. (Their share of S&E doctorate degrees earned by
all U.S. citizens rose from 4% to 10% in the same period.)
Gains by all groups contributed to this rise. The number of
S&E degrees earned by blacks and Hispanics more than dou-
bled in this period and the number of S&E degrees earned
by American Indians/Alaska Natives increased from 43 to
70 (figure 2-22).

The underrepresented minority share of doctorates in
some S&E fields is greater than in others. In 2005, blacks,
Hispanics, and American Indians/Alaska Natives as a group
earned 11% of doctoral degrees in psychology, 9% in medical/
other life sciences, 8% in social sciences, and 6% in biological
sciences. In most other S&E fields they earned approximately
3% of doctoral degrees awarded in 2005 (appendix table
2-32). In non-S&E fields, they earned 11% of doctorates in
2005. Among U.S. citizens only, they earned 15% of non-
S&E doctorates.

In the mid-1990s, the number of doctoral degrees earned
by Asian/Pacific Islander U.S. citizens showed a steep in-
crease. Asians/Pacific Islanders earned more than 4% of

Figure 2-22

U.S. citizen underrepresented minority S&E
doctoral degrees, by race/ethnicity: 1985-2005
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S&E doctorates in 2005, up from 2% in 1985. They earned
relatively larger shares of doctoral degrees in biological sci-
ences (7%) and medical sciences (8%), and relatively smaller
shares in agricultural sciences (1%) and earth, atmospheric,
and ocean sciences (2%).

The number of S&E doctorates earned by white U.S. citi-
zens remained relatively stable over the past two decades,
fluctuating from around 12,000 to 14,000 degrees awarded
annually; however, the proportion of S&E doctoral degrees
earned by white U.S. citizens decreased. The share of all doc-
toral S&E degrees earned by white U.S. citizens decreased
from 63% in 1985 to 43% in 2005 as the number and per-
centage of S&E doctorates earned by non-U.S. citizens and
minorities increased, and the white U.S. citizen share of de-
grees awarded to all U.S. citizens declined from 90% to 79%
as the number and percentage of S&E doctorates earned by
minorities increased (appendix table 2-32). Although the to-
tal number of doctoral S&E degrees earned by white U.S.
citizens remained fairly stable over the past two decades,
the number of S&E doctoral degrees earned by white male
U.S. citizens declined in the mid-1990s through 2002 (from
about 8,600 in 1994 to 6,900 in 2002) and remained around
that same number through 2005 (figure 2-23). The number
of degrees earned by white U.S. citizen females generally
increased over much of the past three decades, with the ex-
ception of brief declines in 2001 and 2002. The drop in doc-
toral degrees to whites corresponds to the earlier drop in the
college age population mentioned previously in this chapter.

Figure 2-23

S&E doctoral degrees, by sex, race/ethnicity,
and citizenship: 1985-2005
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Minority includes Asian/Pacific Islander, black, Hispanic, and
American Indian/Alaska Native.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, Survey of Earned Doctorates, WebCASPAR
database, http://webcaspar.nsf.gov. See appendix table 2-32.
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Although the number of white women in the college age
population dropped, the percentages of white women in that
age group earning doctorates in general and in S&E fields
specifically both increased.

Foreign S&E Doctorate Recipients

Foreign students, even those who stay in the United States
after graduation, contribute to science in their own countries
by collaborating in increasingly global scientific networks,
generating new knowledge, and helping to increase scientif-
ic capacity (NSB 2000, 2002, 2004b, 2006; Wagner 2007).

Noncitizens, primarily those with temporary visas, account
for the bulk of the growth in S&E doctorates awarded by U.S.
universities from 1985 through 2005. During this period, the
number of S&E doctorates earned by U.S. citizens fluctuated
from approximately 14,000 to about 17,000, while the num-
ber earned by temporary residents rose from 4,200 to a peak
of 10,800 in 2005. The temporary resident share of S&E doc-
torates rose from 21% in 1985 to 36% in 2005. The number of
S&E doctorates earned by students with permanent resident
visas increased from about 1,000 in 1985 to a peak of 3,614
in 1995, before falling to about 1,200 in 2005 (appendix table
2-32). (In the mid-1990s, the number of doctorates awarded
to students with permanent resident visas showed a steep in-
crease when a large number of Chinese doctoral degree stu-
dents on temporary visas shifted to permanent resident status
under the 1992 Chinese Student Protection Act.)

Foreign students on temporary visas earn a larger propor-
tion of their degrees at the doctoral level than at any other
level (figure 2-24). Their proportion in some fields is even
higher. For example, in 2005, foreign students on temporary
visas earned half or more of doctoral degrees awarded in
engineering, mathematics, computer sciences, physics, and
economics. They earned considerably lower proportions of
doctoral degrees in other S&E fields, for example, 26% in
biological sciences, 22% in medical/other life sciences, and
6% in psychology (appendix table 2-32).

Countries/Economies of Origin

The top 10 foreign countries/economies of origin of for-
eign S&E doctorate recipients together accounted for 65%
of all foreign recipients of a U.S. S&E doctorate from 1985
to 2005 (table 2-8). All but 2 of those top 10 countries are
located in Asia. The major Asian countries/economies send-
ing doctoral degree students to the United States have been,
in descending order, China, Taiwan, South Korea, and India.
(Canada and Mexico were also among the top 10.)

Asia. The number of U.S. S&E doctorates earned by stu-
dents from Asia increased from the mid-1980s until the mid-
to late 1990s, followed by a brief decline and then increases
in recent years (figure 2-25). Most of these degrees were
awarded in engineering and biological and physical sciences
(table 2-9). From 1985 to 2005, students from four Asian
countries/economies (China, Taiwan, India, and South Korea)
earned more than half of U.S. S&E doctoral degrees award-
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Figure 2-24
Foreign share of U.S. S&E degrees, by degree and
field: 2005

T
Doctoral
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NOTES: Foreign includes temporary residents only. Natural sciences
include physical, biological, earth, atmospheric, ocean, agricultural,
and computer sciences and mathematics.

SOURCES: National Center for Education Statistics, Integrated
Postsecondary Education Data System, Completions Survey; and
National Science Foundation, Division of Science Resources
Statistics, Survey of Earned Doctorates, WebCASPAR database,
http://webcaspar.nsf.gov. See appendix tables 2-26, 2-28, 2-30, and
2-32.
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Table 2-8
Foreign recipients of U.S. S&E doctorates, by
country/economy of origin: 1985-2005

Country/economy Number Percent
All foreign recipients.................. 189,346 100.0
Top 10 total............ 122,046 64.5

China..... 41,677 22.0
Taiwan .......... 19,187 10.1
South Korea.........cccceeuee. 18,872 10.0
[oTo - 18,712 9.9
Canada .....cccceeeeeveeeeeeennens 6,231 BE3)
TUrKEY .o 3,957 2.1
Thailand ..........cccccveeeeecnnees 3,479 1.8
= o P 3,386 1.8
Japan .... 3,295 1.7
Mexico... 3,250 1.7
All others .....ccceveeecieeecieees 67,300 BoS)

NOTE: Foreign doctorate recipients include permanent and
temporary residents.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, Survey of Earned Doctorates, special
tabulations (2006).
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Figure 2-25

U.S. S&E doctoral degree recipients, by selected
Asian country/economy of origin: 1985-2005
Number
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NOTE: Degree recipients include permanent and temporary
residents.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, Survey of Earned Doctorates, special
tabulations (2007).
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ed to foreign students (98,400 of 189,300), almost four times
more than students from Europe (25,500).

China had the largest number of students earning U.S.
S&E doctorates during the 1985-2005 period. These stu-
dents received almost 42,000 S&E doctoral degrees from
U.S. universities, mainly in biological and physical sciences
and engineering (table 2-9). The number of S&E doctorates
earned by Chinese nationals increased from 151 in 1985 to
more than 3,500 in 2005 (figure 2-25)."

Students from Taiwan received the second-largest num-
ber of S&E doctorates at U.S. universities. Between 1985
and 2005, students from Taiwan earned more than 19,000
S&E doctoral degrees, mainly in engineering and biological
and physical sciences (table 2-9). In 1985, they earned more
U.S. S&E doctoral degrees than students from India and
China combined. The number of U.S. S&E doctoral degrees
earned by students from Taiwan increased rapidly for almost
a decade, from 854 in 1985 to more than 1,300 at its peak in
1994. However, as universities in Taiwan increased their ca-
pacity for advanced S&E education in the 1990s, the number
of students from Taiwan earning S&E doctorates from U.S.
universities declined to 488 in 2005 (figure 2-25).

Students from India earned more than 18,700 S&E doctor-
al degrees at U.S. universities over the period. Like students
from China and Taiwan, they mainly earned doctorates in
engineering and biological and physical sciences. They also
earned by far the largest number (1,515) of U.S. doctoral
degrees awarded to any foreign group in computer sciences.
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Table 2-9
Asian recipients of U.S. S&E doctorates, by field and country/economy of origin: 1985-2005
Field Asia China Taiwan India South Korea
AlLFIEIAS .o 153,117 44,345 22,914 21,623 24,139
S&E ....ccviiienen 130,426 41,677 19,187 18,712 18,872
Engineering .. 48,166 12,784 8,816 8,172 7,273
SCIEBNCE .ottt 82,260 28,893 10,371 10,540 11,599
Agricultural SCIENCES .......ccccveiiiiieiiiieeiiiieee 5,313 1,313 709 434 728
Biological sciences 20,973 9,957 2,658 2,668 2,132
COMPULEr SCIENCES......eeeereeeeeiiieeireeeesaeesanaees 5,850 1,360 970 1,515 745
Earth, atmospheric, and ocean sciences......... 2,947 1,345 388 243 366
MathematiCs .......cooueerreriiieiiesee e 6,236 2,692 739 5175 829
Medical/other life sciences..........cccceoverieinnne 4,026 813 753 727 413
Physical SCIENCES .......ccuvviieeiiiiiiiieeee e 19,735 8,934 2,234 2,479 2,429
Psychology ................ 2,005 297 297 238 318
SoCial SCIENCES.....eviviiiieiiie e 15,175 2,182 1,623 1,661 3,639
NON-S&E .....ooiiiiiiieiieii e 22,691 2,668 3,727 2,911 5,267

NOTE: Foreign doctorate recipients include permanent and temporary residents.

SOURCE: National Science Foundation, Division of Science Resources Statistics, Survey of Earned Doctorates, special tabulations (2006).

The more than decade-long increase in U.S. S&E doctorates
earned by students from India ended in 1997, followed by 5
years of decline (figure 2-25). The number of S&E doctoral
degrees earned by students from India increased from 2003
through 2005.

Students from South Korea earned almost 19,000 U.S.
S&E doctorates from 1985 to 2005, mainly in engineering
and biological, social, and physical sciences. The number of
S&E doctoral degrees earned by South Korean students in-
creased from about 350 in 1985 to 1,178 in 1994, declined to
a low of about 800 in the late 1990s, and increased to 1,200
in 2005 (figure 2-25).

Europe. European students earned far fewer U.S. S&E
doctorates (25,500) than did Asian students (130,400) be-
tween 1985 and 2005, and they tended to focus less on
engineering than did their Asian counterparts (table 2-10).
Western European countries whose students earned the larg-
est number of U.S. S&E doctorates from 1985 to 2005 were
Germany, the United Kingdom, Greece, Italy, and France, in
that order. From 1985 to 1993, Greece and the United King-
dom were the primary European countries of origin; thereaf-
ter, their numbers of doctoral degree recipients declined. The
numbers of U.S. S&E doctorate recipients from Germany,
Italy, and France generally increased over the past two de-
cades, although doctorate recipients from Germany declined
in recent years (figure 2-26). Scandinavians received fewer
U.S. doctorates than did students from the other European
regions, with a field distribution roughly similar to that for
other Western Europeans (table 2-10).

The number of Central and Eastern European students
earning S&E doctorates at U.S. universities increased from
fewer than 70 in 1985 to more than 800 in 2005 (figure
2-27). A higher proportion of Central and Eastern European
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U.S. doctorate recipients (88%) than of Western European
doctorate recipients (73%) earned their doctorates in S&E
fields. Western Europeans earned U.S. S&E doctorates
mainly in engineering and biological, physical, and social
sciences. Central and Eastern Europeans earned U.S. S&E
doctorates mainly in engineering, biological sciences, physi-
cal sciences, and mathematics (table 2-10).

North America. The Canadian and Mexican shares of
U.S. S&E doctoral degrees were small compared with those
from Asia and Europe. The number of U.S. S&E degrees
earned by students from Canada increased from less than
200 in 1985 to almost 400 in 2005. In all, 64% of Canadian
doctoral degree students in U.S. universities earned S&E
doctorates, mainly in social and biological sciences (figure
2-28; table 2-10). Mexican doctoral degree students in U.S.
universities are more concentrated in S&E fields than are
Canadian students: 85% of doctoral degrees earned by Mex-
ican students at U.S. universities were in S&E fields, mainly
engineering and agricultural, biological, and social sciences.
The number of doctoral degree recipients from Mexico in-
creased from 111 in 1985 to more than 200 in 2005.

Stay Rates

Of the approximately 3.4 million immigrant scientists
and engineers residing in the United States in 2003, about
30% initially came to the United States for educational op-
portunities and then remained in this country (NSF/SRS
2007b). This section examines data on foreign S&E doctor-
ate recipients’ plans for staying in the United States at the
time of doctorate receipt. Chapter 3 provides data based on
examination of Social Security records on the percentage of
foreign students with U.S. S&E doctorates who remain in
the U.S. labor force up to 5 years after graduation.
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Table 2-10
European and North American recipients of U.S. S&E doctorates, by field and region/country of origin:
1985-2005

Europe® North America
Central and

Field All Western Scandinavia Eastern All Canada  Mexico
All fields .. 32,974 22,380 1,990 8,604 13,601 9,778 3,823
25,465 16,341 1,514 7,610 9,481 6,231 3,250
ENgineering .......ccooeeiiiiiiiniiiccccec e 5,189 3,439 275 1,475 1,585 848 737
SCIENCE ..ttt 20,276 12,902 1,239 6,135 7,896 5,383 2,513
Agricultural sCiences ..........cccoceeveciciicriieninn. 734 553 60 121 796 251 545
Biological SCIENCes........ccccecvriiiviiieeiieiieeene 3,655 2,386 215 1,054 1,823 1,274 549
Computer SCIENCES.........cccueeiiieriiiiiieeiieeieeae 1,233 743 70 420 262 181 81
Earth, atmospheric, and ocean sciences ....... 982 680 81 221 360 214 146
MathematiCs ........ccevrvererieenirieseeee e 2,591 1,250 107 1,234 483 306 177
Medical/other life sciences..........cccccceriueeneenn. 578 462 65 51 566 477 89
Physical sciences ..........cccoeciiiiniieciic i 5,216 2,822 222 2,172 1,038 765 273
PSYChOIOGY ... 969 768 88 113 865 779 86
Social SCIENCES.....eruveierierieeieieei e 4,318 3,238 33il 749 1,703 1,136 567
Non-S&E 7,509 6,039 476 994 4,120 3,547 573

aSee figure 2-27 notes for countries included in Western Europe, Scandinavia, and Central and Eastern Europe.
NOTE: Foreign doctorate recipients include permanent and temporary residents.
SOURCE: National Science Foundation, Division of Science Resources Statistics, Survey of Earned Doctorates, special tabulations (2006).
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) Figure 2-27
Figure 2-26 U.S. S&E doctoral degree recipients from Europe,
U.S. S&E doctoral degree recipients, by selected by region: 1985-2005
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residents. Western Europe includes Andorra, Austria, Belgium,
France France, Germany, Gibraltar, Greece, Ireland, ltaly, Luxembourg,
Malta, Monaco, Netherlands, Portugal, Spain, and Switzerland.
Central and Eastern Europe includes Albania, Bulgaria, Czech
Republic, Slovakia, Hungary, Poland, Romania, Russia, Armenia,
Azerbaijan, Belarus, Estonia, Georgia, Kazakhstan, Kyrgyzstan,
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NOTE: Degree recipients include permanent and temporary
residents.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, Survey of Earned Doctorates, special
tabulations (2007).
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Latvia, Lithuania, Moldova, Tadjikistan, Turkmenistan, Ukraine,
Uzbekistan, Yugoslavia, Bosnia-Herzegovina, Croatia, Macedonia,
and Serbia-Montenegro. Scandinavia includes Denmark, Finland,
Iceland, Norway, and Sweden.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, Survey of Earned Doctorates, special
tabulations (2007).
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Figure 2-28
U.S. S&E doctoral degree recipients from Canada
and Mexico: 1985-2005
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SOURCE: National Science Foundation, Division of Science
Resources Statistics, Survey of Earned Doctorates, special
tabulations (2007).
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At the time of doctorate receipt, almost three-quarters of
foreign recipients of U.S. S&E doctorates plan to stay in the
United States and about half had either accepted an offer of
postdoctoral study or employment or are continuing employ-
ment in the United States. Until the early 1990s, about half of
foreign students who earned S&E degrees at U.S. universities
reported that they planned to stay in the United States after
graduation, and about one-third said they had firm offers for
postdoctoral study or employment (NSB 1998). In the 1990s,
however, these percentages increased substantially. In the
1994-97 period, for example, of the foreign S&E doctoral
degree recipients who reported their plans, 71% planned to
remain in the United States after receiving their degree and
39% already had firm offers for postdoctoral study or em-
ployment. In the 2002—05 period, 74% of foreign doctoral
recipients in S&E fields with known plans intended to stay in
the United States and 49% had firm offers to do so (appendix
table 2-33). Higher percentages of foreign doctorate recipi-
ents in physical sciences and mathematics/computer sciences
and lower percentages of those in social/behavioral sciences
reported firm plans to stay. The percentage of students who
had firm plans to remain in the United States dropped after
2001 but increased in 2005 (figure 2-29).

Stay rates vary by place of origin. In the 200205 pe-
riod, more than 90% of U.S. S&E doctoral recipients from
China and 88% of those from India reported plans to stay
in the United States, and 60% and 63%, respectively, re-
ported accepting firm offers for employment or postdoctoral
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Figure 2-29
Plans of foreign recipients of U.S. S&E doctorates
to stay in United States: 1985-2005
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NOTES: Degree recipients include permanent and temporary
residents. See appendix table 2-33 for plans to stay by place of
origin and field of study in 4-year increments.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, Survey of Earned Doctorates, special
tabulations (2007).
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research in the United States (figure 2-30; appendix table
2-33). China and India are the two major countries of origin
from which the percentage of U.S. S&E doctorate recipients
with definite plans to stay in the United States dropped from
1998-2001 to 2002—-05. The drops were almost entirely
among computer science doctorate recipients from India
and engineering doctorate recipients from India and China.
Stay rates for Chinese and Indian U.S. doctorate recipients
in the biological/agricultural/health sciences and physical/
earth/atmospheric/ocean sciences increased or stayed about
the same from 1998-2001 to 2002-05, and those in social/
behavioral sciences stayed about the same or dropped slightly.

Doctorate recipients from Taiwan, Japan, and South Ko-
rea were less likely than those from India and China to stay
in the United States. Over the same 2002—05 period, 39% of
S&E doctoral degree recipients from Taiwan, 41% of those
from Japan, and 43% of those from South Korea reported
accepting firm offers to remain in the United States.

Among U.S. S&E doctoral degree recipients from Eu-
rope, a relatively high percentage from the United Kingdom
planned to stay, whereas smaller percentages from Greece,
Italy, and Spain (compared with other Western European
countries) planned to stay after graduation. The percentage
of 2002—05 doctoral degree students who had firm plans to
stay in the United States was higher for Canada (51%) than
for Mexico (31%) (appendix table 2-33).
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Figure 2-30

Short-term stay rates of foreign recipients of
U.S. S&E doctorates, by place of origin: 1994-97
and 2002-05
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NOTES: Short-term stay rates are those with firm commitments of
postaward or postdoctoral employment. Longer-term stay rates may
differ. See appendix table 2-33 for plans to stay by place of origin
and field of study in 4-year increments.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, Survey of Earned Doctorates, special
tabulations (2007).
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Postdocs in U.S. Higher Education

Postdoctoral fellowships provide recent doctorate recipi-
ents with “an opportunity to develop further the research
skills acquired in their doctoral programs or to learn new
research techniques” (Association of American Universities
1998). Typically, postdoctoral fellows or “postdocs” have
temporary appointments involving full-time research or
scholarship whose purpose is to further their education and
training. The titles associated with these positions and the
conditions of employment vary widely. The status of post-
doctoral fellows within the academic hierarchy is not well
defined and varies among institutions, although the concept
that the postdoctoral experience represents the last step on
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a person’s training for becoming an independent investiga-
tor and faculty member is generally accepted (COSEPUP
2000). Postdoctoral fellows are also important contributors
to academic research. They bring a new set of techniques
and perspectives to the laboratory that broadens the experi-
ence of the research team and can make them more com-
petitive for additional research funding. Chapter 3 provides
more detail on postdoctoral employment, including reasons
for and length of postdoc position as well as salaries and
subsequent employment. Chapter 5 provid