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About Science and Engineering Indicators

Science and Engineering Indicators (Indicators)is a congressionally mandated report that provides high-quality
quantitative information on the U.S. and international science and engineering enterprise. /ndicators is factual and policy
neutral. It does not offer policy options, and it does not make policy recommendations. The report employs a variety of
presentation styles—such as narrative text, data tables and figures—to make the data accessible to readers with different
information needs and different information-processing preferences.

The data are “indicators,” that is, quantitative summary information on the scope, quality, and vitality of the science and
engineering (S&E) enterprise or its change over time. The indicators in this report are intended to contribute to an
understanding of the current environment and to inform the development of future policies. The report does not model the
dynamics of the S&E enterprise. It is used by readers for a variety of purposes, and they have different views about which
indicators are the most significant for different purposes.

Indicators is prepared under the guidance of the National Science Board by the National Center for Science and
Engineering Statistics (NCSES), a federal statistical agency within the National Science Foundation (NSF), Social, Behavioral and
Economic Sciences Directorate. The report is subject to extensive review by internal and external subject matter experts,
federal agencies, Board members, and NCSES statistical reviewers for accuracy, coverage, and balance.

Indicators includes detailed information about measurement to help readers understand what the reported measures
mean, how the data were collected, and how to use the data appropriately. The report’s data analyses, however, are relatively
accessible. The data can be examined in various ways, and the report generally emphasizes neutral, factual description. As a
result, /ndicators almost exclusively uses simple statistical tools. The Methodology Appendix of the report provides detailed
information on the methodological, statistical, and data-quality criteria used for the report. The sidebar What Makes a Good
Indicator? provides a brief and high-level summary of the data sources used in the report and data-quality issues that
influence the interpretation and accuracy of the information presented in /ndlicators.

Indicators 2018 Parts

Indicators 2018 includes an Overview and eight chapters that follow a generally consistent pattern. The chapter titles are
as follows:

+  Elementary and Secondary Mathematics and Science Education

+  Higher Education in Science and Engineering

« Science and Engineering Labor Force

+ Research and Development: U.S. Trends and International Comparisons
+  Academic Research and Development

« Industry, Technology, and the Global Marketplace

+  Science and Technology: Public Attitudes and Understanding

+ Invention, Knowledge Transfer, and Innovation

In addition, /ndicators 2018 includes an online data tool, State Indicators, which provides state-level data on science and
technology (S&T); and a Digest, comprising a small selection of important indicators from the main report.
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The Board authors one or more companion pieces, which draw on the data in /ndicators and offer recommendations on

various issues related to national science and engineering research or education policy, in keeping with the Board's statutory
responsibility to bring attention to such issues.

The Digest

The Science and Engineering Indicators 2018 Digestis a condensed version of the report comprising a small selection of
important indicators. It is intended to serve readers with varying levels of expertise. The Digest draws attention to important
trends and data points and introduces readers to the data resources available in the main report and associated products.

The Overview of the State of the U.S. S&E Enterprise in a Global Context

The Overview highlights information from Science and Engineering Indicators that offers insights into the global landscape
and presents broadly comparable data to examine indicators across regions, countries, and economies. Like the Digest, the
Overview 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 presentations. Like the core chapters, the Overview strives for a descriptive synthesis and a
balanced tone, and it does not take or suggest policy positions.

The Eight Core Chapters

Each chapter consists of highlights; introduction (chapter overview and chapter organization); a narrative synthesis of data

and related contextual information; sidebars, data tables, and figures; conclusion; notes; glossary; and references.
Highlights. The highlights outline the major dimensions of a chapter topic.

Introduction. The chapter's overview briefly explains the importance of the topic. It situates the topic in the context of
major concepts, terms, and developments relevant to the data reported. The 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 interpreting the findings. The narrative is designed to draw attention
to major points and enable readers to readily comprehend a large amount of information. As a balanced presentation, the
narrative aims to include appropriate caveats and context to convey appropriate uses of the data and provide contextual
information within which the data may be interpreted by users with a range of science policy views.

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

Tables. Data tables help to illustrate and to support points made in the text.

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

Appendix Tables. An appendix of tabular data provides the most complete presentation of quantitative data, without
contextual information or interpretive aids.

Conclusion. The conclusion summarizes important findings. It offers a perspective on important trends but stops short of
definitive pronouncements about either likely future trends or policy implications. Conclusions avoid factual syntheses that
suggest distinctive or controversial viewpoints.

Notes. Information that augments points of discussion in the text is presented as endnotes.
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Glossary. The glossary defines terms used in the chapter.

References. /ndicators includes references to data sources cited in the text, emphasizing national or internationally
comparable data. The report does not attempt to 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 where they help to explain
the basis for statements in the text.

State Indicators Data Tool

This online tool provides data to assess trends in S&T-related activities in states that can be used by people involved in
state-level policy making, journalists, and interested citizens. State-level indicators to call attention to state performance in
S&T and foster consideration of state-level activities in this area. Data for the indicators are graphically displayed in tables that
detail state data, in U.S. maps that code states into quartiles, and in histograms that show how state values are distributed.
Users also have access to long-term trend data for each indicator.

Presentation

The complete content of /ndicators 2018 is available for download. The report is downloadable as a PDF and text tables,
appendix tables, and source data for each figure are available in PDF and spreadsheet formats. In addition, figures are also
available in presentation-style image files.
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Letter of Transmittal

National Science Board

January 15, 2018
MEMORANDUM FROM THE CHAIR OF THE NATIONAL SCIENCE BOARD
TO: The President and Congress of the United States

SUBJECT: Science and Engineering Indicators 2018

As Chair of the National Science Board (Board), it is my honor to transmit, on behalf of the Board, Science and Engineering
Indicators (Indicators) 2018. The Board submits this biennial report “on indicators of the state of science and engineering in
the United States” as required by 42 U.S.C. 8 1863 (j) (). The /ndicators series provides a broad base of unbiased, quantitative
information about the U.S. science and engineering (S&E) enterprise for use by policymakers, researchers, and the public.

The digital report includes information on science, technology, engineering, and mathematics (STEM) education at all levels;
the scientific and engineering workforce; U.S. and international research and development performance; U.S. competitiveness
in high-technology industries; and public attitudes and understanding of S&E. The report synthesizes several key indicators of
the strength of U.S. science and technology in an “Overview of the State of the U.S. S&E Enterprise in a Global Context.”
Indicators 2018 also includes an interactive, online tool that enables state comparisons on a variety of S&E indicators.

For the 2018 edition, the Board has introduced a new chapter on “Invention, Knowledge Transfer, and Innovation.” This
chapter provides data and analysis on several key questions: how does innovation happen; how do we measure it; who are
the major players; and how does innovation diffuse through society and economies to contribute to economic growth?

The Board hopes that the Administration and Congress find the information and analysis in the report useful and timely for
the planning of national priorities, policies, and programs in science and technology.

Maria T. Zuber
Chair

National Science Board

National Science Foundation

2415 Eisenhower Avenue * Alexandria, Virginia 22314 « (703)292-7000 + www.nsf.gov/nsb + email: nationalsciencebrd@nsf.gov
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Image Credit

The website for Science and Engineering Indicators 2018 incorporates a polarization microscope image of liquid crystals.
Liquid crystals revolutionized how we present information, giving rise to the liquid crystal display (LCD) industry. Modern
devices including smartphones, laptop screens, and flat-panel television sets all feature LCDs, in which so-called nematic
(“threadlike”) liquid crystals realign in an electric field, thus changing the appearance of the pixelated screen.

In the photo, the two dark centers with emerging streamers are called “boojum,” point defects in the molecular orientation
of the liquid crystal. The defects form at the surface of a thin film of nematic fluid, the simplest form of a liquid crystal. The

bands of different colors show the varying orientation of liquid crystal molecules around the defect.

This image was created by Oleg D. Lavrentovich, Trustees Research Professor, Liquid Crystal Institute and Chemical Physics
Interdisciplinary Program, Kent State University. Work at the Liquid Crystal Institute explores the physical mechanisms behind
the complex, three-dimensional molecular architectures and the practical applications of these materials. Research in liquid
crystals at Kent State University has been supported by a series of National Science Foundation grants (the most recent is NSF
award number 17-29509).

Image credit: Oleg D. Lavrentovich, Liquid Crystal Institute, Kent State University.
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Introduction

The global landscape of S&E research, education, and business activities has undergone dramatic shifts since the turn of
the twenty-first century, as regions, countries, and economies around the globe continue to invest in science and technology
(S&T). S&E capabilities, until recently located mainly in the United States, Western Europe, and Japan, have spread to the
developing world, notably to China and other Southeast Asian economies that are heavily investing to build their S&T
capabilities. This Overview examines how these changing S&E patterns affect the position of the United States relative to the
other major global players.

Science and Engineering Indicators describes international and domestic S&E dynamics in light of the worldwide trend
toward more knowledge-intensive economies and both increasing global collaboration and competition in S&E. In knowledge-
intensive economies, S&E research, its commercial utilization, and other intellectual work are of growing importance.
Increasingly, economies rely on a skilled workforce and sustained investment in R&D to produce knowledge streams, new
technologies, and discoveries. The resulting knowledge and discoveries lead to new or improved products and processes, as
well as output growth in many industries, notably manufacturing industries that produce spacecraft, pharmaceuticals, and
computers or in the sizable financial, business, education, and health services sectors.

Knowledge-intensive production is growing worldwide and is increasingly a feature of both developed and developing
economies. The goods and services of these industries, many of them new in this century, have developed markets that did
not exist previously. Such goods and services have helped to integrate nations into, and to compete in, the global marketplace.
The state of S&E in the United States and elsewhere is not just a function of a given nation’s policies and investments.
Education, R&D, and production activities are interlinked in today’'s knowledge economies. Globally mobile students and
researchers, international trade, global supply chains and investments, and global infrastructure and collaboration tie
activities across the globe and shape national S&E stories. The various national S&E stories together tell a broader and more
global S&E story.

This overview highlights information from Science and Engineering Indicators that offers insights into the global landscape
and presents broadly comparable data to examine indicators across regions, countries, and economies, comparing S&E
training, research outputs, the creation and use of intellectual property, and the output of knowledge-intensive industries. It is
not intended to be comprehensive: numerous important topics that are addressed in individual chapters are not covered in
the overview: K-12 mathematics and science education, demographic profiles of those participating in S&E education and
occupations, and public attitudes and understanding of S&T. Major findings on particular topics can be found in the

“Highlights” sections that appear at the beginning of Chapters 1-8.[1]

One factor that is prominent throughout the Overview is the robust growth trends experienced by developing countries,
particularly China, compared to the United States and the rest of the developed economies in the world. Rapid growth rates
frequently accompany the early stages of economic and technical development, slowing as societies mature. As developing
nations focus resources in R&D, education, and knowledge-intensive production and trade, their initially rapid growth rates in
these areas can exceed those of developed nations and thus open up the possibility to move toward developed world
measures. Whether and how long these differential growth rates continue is an important question and will be affected by the
overall S&E environment, along with the economic, social, and political forces that influence it.

[11 See sidebar What Makes a Good Indicator? for a brief and high-level summary of the data sources used in the Science and
Engineering Indicators (Indicators) report and the data quality issues that influence the interpretation and accuracy of the
information presented in /ndicators.
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Workers with S&E Skills

An innovative, knowledge-based economy requires a workforce with high-levels of S&E skills and an education system that
can produce such workers in sufficient numbers. Realizing this, governments in many countries prioritized increased access to
S&E-related postsecondary education. At the same time, countries compete to attract the best talent (OECD 2017), leading to
increased mobility of high-skill workers. Comprehensive and internationally comparable data on the global S&E workforce,
while limited, suggest that S&E work is increasingly occurring throughout the world with concentrations in specific regions.

Globally, first university degree awards in S&E fields, broadly equivalent to a bachelor’s degree, totaled more than 7.5
million, according to the most recent estimates. Almost half of these degrees were conferred in two Asian countries: India
(25%) and China (22%); another 22% together were conferred in the European Union (EU; see Glossary for member countries)
(12%) and in the United States (10%). University degree production in China has grown faster than in other major developed
nations and regions (liFigure O-1). Between 2000 and 2014, the number of S&E bachelor’s degrees awarded in China rose
more than 350%, significantly faster than in the United States and in many other European and Asian regions and economies.
Additionally, during the same period, the number of non-S&E degrees conferred in China also rose dramatically (by almost
1,200%), suggesting that capacity building in China, as indicated by bachelor’s degree awards, is occurring in both S&E and
non-S&E areas.
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FIGUREO-1 dli

Bachelor's degree awards in S&E fields, by selected region, country, or economy: 2000-14
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Note(s)
Data are not available for all countries for all years. EU-Top 8 includes the eight EU countries with the largest numbers of bachelor's

degree awards in 2014: United Kingdom, Germany, France, Poland, Italy, Spain, Romania, and the Netherlands.

Source(s)

United Nations Educational, Scientific and Cultural Organization (UNESCO), Institute for Statistics database, special tabulations
(2016); Organisation for Economic Co-operation and Development (OECD), OECD.Stat, https://stats.oecd.org/; National Bureau of
Statistics of China, China Statistical Yearbook, annual series (Beijing) (various years); Government of India, Ministry of Human
Resource Development, Department of Higher Education 2008, Education Statistics at a Glance 2005-06 and All India Survey on
Higher Education 2011-12 (2014) and 2014-15 (2016); Government of Japan, Ministry of Education, Culture, Sports, Science and
Technology, Survey of Education, annual series (various years); Ministry of Education, Educational Statistics of the Republic of China
(Taiwan), annual series (various years); National Center for Education Statistics, Integrated Postsecondary Education Data System
(IPEDS), Completions Survey; National Science Foundation, National Center for Science and Engineering Statistics, Integrated Science

and Engineering Resources Data System (WebCASPAR), https://ncsesdata.nsf.gov/webcaspar/.
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Understanding the relationship between degrees conferred in a country and the capabilities of its workforce is complicated
by the fact that increasing numbers of students are receiving higher education outside their home countries.[1] The United
States remains the destination of choice for the largest number of internationally mobile students worldwide. Furthermore,
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international students accounted for a considerable increase over time in U.S. higher education degree awards in S&E fields.
Yet, due in part to efforts by other countries to attract more foreign students, the share of the world’s internationally mobile
students enrolled in the United States fell from 25% in 2000 to 19% in 2014. Other popular destinations for internationally

mobile students are the United Kingdom, Australia, France, Russia, and Germany (li Figure O-2).

FIGURE 0-2 i

Internationally mobile students enrolled in tertiary education, by selected country: 2014
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Data are based on the number of students who have crossed a national border and moved to another country with the objective of
studying (i.e., mobile students). Data include students in all fields, including S&E and non-S&E fields. Data for Canada correspond to

2013.

Source(s)

United Nations Educational, Scientific and Cultural Organization (UNESCO), Institute for Statistics database, special tabulations
(2016).
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Graduate education in the United States remains particularly attractive to international students. Unlike S&E bachelor’s-
level degrees, the United States as well as the combined EU countries award a relatively large number of worldwide S&E

doctorates (liFigure O-3). However, starting from a low base, China has seen a rapid increase in S&E doctoral degree awards

over time.
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Doctoral degree awards in S&E fields, by selected region, country, or economy: 2000-14
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Note(s)
U.S. citizens and permanent residents and U.S. temporary residents are estimated using their represented shares in the Integrated
Postsecondary Education Data System (IPEDS). EU-Top 8 includes the eight EU countries with the largest numbers of doctoral degree

awards in 2014: Germany, United Kingdom, France, Spain, Italy, Portugal, Sweden, and Romania.

Source(s)

United Nations Educational, Scientific and Cultural Organization (UNESCO), Institute for Statistics database, special tabulations
(2016); Organisation for Economic Co-operation and Development (OECD), OECD.Stat, https://stats.oecd.org/; National Bureau of
Statistics of China, China Statistical Yearbook, annual series (Beijing) (various years); Government of India, Department of Science
and Technology (various years) and Ministry of Human Resource Development, Department of Higher Education, All India Survey on
Higher Education 2011-12 (2014) and 2014-15 (2016); Government of Japan, Ministry of Education, Culture, Sports, Science and
Technology, Survey of Education, annual series (various years); Ministry of Education, Educational Statistics of the Republic of China
(Taiwan), annual series (various years); National Center for Education Statistics, IPEDS, Completions Survey; National Science
Foundation, National Center for Science and Engineering Statistics, Integrated Science and Engineering Resources Data System
(WebCASPAR), https://ncsesdata.nsf.gov/webcaspar/.
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In the United States, a substantial proportion of S&E doctoral degrees are conferred to international students with
temporary visas. In 2014, temporary visa holders, not counting foreign-born students with permanent visas, earned more



National Science Board | Science & Engineering Indicators 2018 O|8

| Overview of the State of the U.S. S&E Enterprise in a Global Context

than one-third (37%) of S&E doctoral degrees. Temporary visa holders are particularly concentrated in engineering, computer

sciences, mathematics, and economics, earning half or more of the doctoral degrees awarded in these fields. Overall, a
considerable share of the post-2000 increase in U.S. S&E doctoral degree awards reflects degrees awarded to temporary visa
holders, mainly from Asian countries such as China and India. If past trends continue, a majority of the S&E doctorate
recipients with temporary visas—more than two-thirds—will remain in the United States for subsequent employment. The
stay rates of those from China and India, the two largest source countries for international recipients of U.S. S&E doctoral

degrees, however, have declined slightly since the turn of the century.

These doctorate recipients add to the most highly trained segment of the overall global S&E workforce. It is difficult to
analyze the size of the entire international S&E workforce because comprehensive, internationally comparable data are
limited. The Organisation for Economic Co-operation and Development (OECD) provides international estimates on one
particularly salient component of this workforce—researchers—defined as “professionals engaged in the conception or
creation of new knowledge” who “conduct research and improve or develop concepts, theories, models, techniques
instrumentation, software or operational methods” (OECD 2015:379). Although national differences in these estimates may be
affected by survey procedures and interpretations of international statistical standards, they can be used to make broad
comparisons of national trends on this highly specialized component of the larger S&E workforce.

The United States and the EU continue to enjoy a distinct but decreasing advantage in the supply of human capital for
research and other work involving S&E. Similar to trends seen in S&E doctoral degree awards, in absolute numbers, these two

regions had the largest populations of researchers at the latest count, but China has been catching up (liFigure O-4).



National Science Board | Science & Engineering Indicators 2018 0|9

| Overview of the State of the U.S. S&E Enterprise in a Global Context

Estimated number of researchers, selected region or country: 2000-15
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Note(s)
Data are not available for all regions or countries for all years. Researchers are full-time equivalents. Counts for China before 2009
are not consistent with Organisation for Economic Co-operation and Development (OECD) standards. Counts for South Korea before

2007 exclude social sciences and humanities researchers.

Source(s)
OECD, Main Science and Technology Indicators (2017/1), https://www.oecd.org/sti/msti.htm.
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The worldwide total of workers engaged in research has been growing rapidly, and growth has been more robust in parts
of Asia. The most rapid expansion has occurred in South Korea, which nearly doubled its number of researchers between
2000 and 2006 and continued to grow strongly thereafter, and in China, which reported more than twice the number of
researchers in 2008 compared with 2000 and likewise reported substantial growth in later years. (China's pre-2009 data are
not comparable to China's data for 2009 onward.) The United States and the EU experienced steady growth at lower rates.
Exceptions to the worldwide trend included Japan (which remained relatively flat) and Russia (which experienced a decline).

[1] An additional complexity, as data from the United States show, is that a direct correlation often does not exist between an
individual's degree and occupation. S&E degree holders report applying their S&E expertise in a wide variety of jobs, including
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S&E and non-S&E jobs. This indicates that the application of S&E knowledge and skills is widespread across the technologically
sophisticated U.S. economy and is not just limited to jobs classified as S&E. For more information on this and the U.S. S&E
workforce, see National Science Board (2015).
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R&D Expenditures and R&D Intensity

The rising number of researchers and expanding S&E education have been accompanied by strong and widespread growth in
R&D expenditures. The worldwide estimated total of R&D expenditures continued to rise at a substantial pace, more than
doubling over the 15-year period between 2000 and 2015, indicative of the global trends toward investments in knowledge
and technology.

Global R&D activity continues to be concentrated in North America, Europe, and the East and Southeast Asia and South Asia
regions (liFigure O-5). Among individual countries, the United States is by far the largest R&D performer, followed by China—
whose R&D spending exceeded that of the EU total—and Japan (liFigure O-6). Together, the United States, China, and Japan
accounted for over half of the estimated $1.9 trillion in global R&D in 2015. Germany is fourth, at 6%. South Korea, France,

India, and the United Kingdom make up the next tier of performers—each accounting for 2%-4% of the global R&D total.
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Regional share of worldwide R&D expenditures: 2000 and 2015
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Note(s)

East/Southeast and South Asia includes China, Taiwan, Japan, South Korea, Singapore, Malaysia, Thailand, Indonesia, Philippines,
Vietnam, India, Pakistan, Nepal, and Sri Lanka.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics estimates, August 2017. Based on data from the
Organisation for Economic Co-operation and Development, Main Science and Technology Indicators (2017/1), and the United
Nations Educational, Scientific and Cultural Organization (UNESCO), Institute for Statistics database, data.uis.unesco.org.
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Gross domestic expenditures on R&D, by selected region, country, or economy: 2000-15
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Note(s)

Data are for the top eight R&D-performing countries and the entire EU. Data are not available for all countries for all years. Data for
the United States in this figure reflect international standards for calculating gross expenditures on R&D, which vary slightly from the
National Science Foundation's protocol for tallying U.S. total R&D.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, National Patterns of R&D Resources (annual
series); Organisation for Economic Co-operation and Development, Main Science and Technology Indicators (2017/1); United Nations
Educational, Scientific and Cultural Organization (UNESCO), Institute for Statistics database, data.uis.unesco.org, accessed 13
October 2017. See Appendix Table 4-12.
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A notable trend over the past decade has been the growth in R&D spending in the regions of East and Southeast Asia and
South Asia compared to the other major R&D-performing areas. China continues to display the most vigorous R&D growth,
accounting for nearly one-third of the global increase in R&D spending over the 2000-15 period. Despite growth in nominal
spending on R&D, differences in growth rates across the world led both the United States and Europe to experience
substantial declines in their shares of global R&D (from 37% to 26% in the United States and from 27% to 22% in Europe
between 2000 and 2015). During the same period, the economies of East and Southeast Asia—including China, Japan,
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Malaysia, Singapore, South Korea, Taiwan, and India—saw an increase in their combined global share from 25% to 40%, thus
exceeding the respective U.S. and the European R&D shares in 2015.

Countries and economies, however, vary in their R&D intensity, their relative focus on early versus later stages of R&D, and
funding sources (business versus government sectors). Along with total R&D spending, the share of such spending relative to
the size of the total economy is seen as a useful indicator of innovative capacity. Although the United States invests far more
in R&D than any other individual country, several other, smaller economies have greater R&D intensity—that is, a higher ratio
of R&D expenditures to gross domestic product (GDP). A stated goal by the EU is to achieve a 3% R&D-to-GDP ratio, one of the
five targets for the EU in 2020 (EC 2010). In 2015, the United States had an R&D intensity of 2.7% (li Figure O-7). Israel (not
shown) and South Korea are essentially tied for the top spot, with ratios of 4.3% and 4.2%, respectively. Over the past decade,
the ratio has fluctuated within a relatively narrow range in the United States, although the U.S. rank in this indicator has been
slowly falling in recent years: 8th in 2009, 10th in 2011, and 11th in 2013 and 2015. Over the past decade, R&D intensity rose
gradually in the EU as a whole; in South Korea and particularly in China, which started with a low base, the R&D-to-GDP ratio
rose significantly in the last 10 years.
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R&D intensity, by selected region, country, or economy: 2000-15

5

4

3
-
c
[0}
g
(O]
o

2

1 — N

= - = = N - a A
0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Year
-o- United States EU -0~ France Germany =%~ United Kingdom China  —e- Japan

-0~ South Korea -~ |ndia

EU = European Union.

Note(s)

Data reflect gross domestic R&D expenditures as a share of gross domestic product. Data are for the top eight R&D-performing
countries and the entire EU. Data are not available for all countries for all years. Data for the United States in this figure reflect
international standards for calculating gross expenditures on R&D, which vary slightly from the National Science Foundation's
protocol for tallying U.S. total R&D.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, National Patterns of R&D Resources (annual
series); Organisation for Economic Co-operation and Development, Main Science and Technology Indicators (2017/1); United Nations
Educational, Scientific and Cultural Organization (UNESCO), Institute for Statistics database, data.uis.unesco.org, accessed 13

October 2017. See Appendix Table 4-12.

Science and Engineering Indicators 2018

Many governments have only limited direct control over achieving a targeted R&D-to-GDP ratio because businesses are the
predominant source of R&D funding in many leading R&D-performing nations. Businesses in the United States funded about
62% of all U.S. R&D in 2015. The corresponding business sector shares are higher, around 66%-78% in Germany, China, South
Korea, and Japan, and are lower in France (56%) and the United Kingdom (48%). R&D funded by the government sector, the
second major source of R&D funding in many countries, accounted for about 26% of the U.S. national total; for 24%-35% in
South Korea, the United Kingdom, Germany, and France; for 21% in China; and for 15% inJapan.[l]
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In the United States, the federal government is a major source of R&D funding for universities, nonprofit organizations, federal
institutions, and federally funded research and development centers (FFRDCs). The federal government funds a substantial
amount of all basic (accounting for 44% of funding in 2015) and applied research (accounting for about 36% of funding in
2015). During the post-recession period from 2010 through 2015, however, the share of U.S. R&D funded by the federal
government declined, from just over 30% to around one-fourth, primarily reflecting the waning after 2010 of the incremental
funding from the American Recovery and Reinvestment Act (ARRA) and the uncertain federal budget environment since 2011,
including broad federal spending caps. Business R&D has led the overall growth in U.S. R&D during this period. The decline in
federal funding is an important trend that we will continue to follow, given the federal government's critical role in the overall
R&D infrastructure in the United States.

Countries also vary in their relative focus on basic research, applied research, and experimental development.[2] China
spends only about 5% of its R&D funds, compared to 17% in the United States, on basic research—work aimed at gaining
comprehensive knowledge or understanding of the subject under study without specific applications in mind. However, this
still amounted to about $21 billion of basic research performance in China in 2015, more than France ($15 billion) which has a
relatively large focus on basic research (24% of annual R&D). On the contrary, China spends 84% of its R&D funds, compared
to 64% in the United States, on experimental development—work directed towards the production of useful materials,
devices, systems, or methods, including the design and development of prototypes and processes. The lack of specific
applications as a goal introduces an element of risk and uncertainty in basic research, which is why a substantial amount of
basic research is typically funded by the government. China's more-limited focus on basic research may reflect the large
business sector role in R&D funding as well as the opportunity to build on basic research done elsewhere (Qui 2014).

[1] Business spending and government spending as reported here are defined by international guidance. As recommended in
the Frascati Manual 2015 (OECD 2015), R&D funding from government-run businesses is to be reported as funding from the
business sector. Actual sector classification may differ somewhat by the circumstances in specific countries.

[21 These terms are defined in the chapter Glossary.
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Research Publications

Research produces new knowledge; refereed S&E publications are one of the tangible measures of research activity that
have been broadly available for international comparison. The United States, the EU, and the developed world[1] produce the
majority of refereed S&E publications. However, similar to the trends for researchers and for R&D spending, S&E research
output in recent years has grown more rapidly in China and other developing countries when compared with the output of the
United States and other developed countries. China's S&E publication output rose nearly fivefold since 2003, and as a result,
China’s output, in terms of absolute quantity, is now comparable to that of the United States (i Figure O-8). Research output

has also grown rapidly in other developing countries—particularly, Brazil (not shown) and India.
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S&E articles, by selected region, country, or economy: 2003-16
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Note(s)

Article counts refer to publications from a selection of journals, books, and conference proceedings in S&E from Scopus. Articles are
classified by their year of publication and are assigned to a region, country, or economy on the basis of the institutional address(es)
listed in the article. Articles are credited on a fractional-count basis. The sum of the regions, countries, or economies may not add to
the world total because of rounding. Some publications have incomplete address information for coauthored publications in the
Scopus database. The unassigned category count is the sum of fractional counts for publications that cannot be assigned to a region,

country, or economy. See Appendix Table 5-27.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics; SRI International; Science-Metrix; Elsevier,
Scopus abstract and citation database (https://www.scopus.com/), accessed July 2017. For more information on the International
Monetary Fund economic classification of countries, see https://www.imf.org/external/pubs/ft/weo/2016/01/weodata/groups.htm,

accessed December 2016.
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The subject-matter emphasis of scientific research varies somewhat across countries and regions. Biomedical sciences
(biological sciences, medical sciences, and other life sciences) and engineering—two fields that are vital to knowledge-
intensive and technologically advanced economies—account for 57% of the worldwide total of S&E publications. In 2016, the
United States and the EU produced significant numbers of global biomedical sciences articles, each larger than China's
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production. However, China produced the largest number of engineering articles, surpassing the output of both the United
States and the EU.

When researchers in one country cite the published work of researchers in another country, the resulting citation patterns
are an indication of knowledge flows across regions. These patterns are strongly influenced by cultural, geographic, and
language ties as well as perceived impact; for example, researchers are more likely to cite work written in their native
language. U.S. articles disproportionately cite publications by Canadian and United Kingdom authors. In comparison, U.S.
authors cite Chinese, Indian, and other Asian publications less than would be expected based on the overall publication
output of these places.

Language factors notwithstanding, citations to refereed articles and presentations are an oft-used indicator of the use and
impact of research output, and U.S. publications receive the largest number of citations. Adjusting for the size of each
country’s research pool, researchers based in the United States, Canada, Switzerland, and several countries of northern
Europe (Denmark, Finland, Iceland, the Netherlands, Norway, Sweden, and the United Kingdom) set the bar with respect to the
production of influential research results. One measure of the influence of a region’s research is its share of the world's top 1%
of cited articles compared to what would be expected based on the size of each country’s pool of S&E publications. With this
measure, if a country’s share is exactly what would be expected based on its publication output, the percentage is 1.0%. The
U.S. percentage has held steady, at about twice the expected value (1.8%-1.9%), while the percentage of articles from the EU
in the top 1% grew from 1.0% to 1.3% between 2000 and 2014 (liFigure O-9). China's share of this top 1%, starting from a low

base, more than doubled in the same period, from 0.4% to 1.0%.[2]
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S&E publication output in the top 1% of cited publications, by selected region, country, or
economy: 2000-14

2.2
2.0
18 o/{ o o— o w
1.6
1.4
x
[}
T 1.2
=
1.0
0.8 _n/n——n
0.6 g — 3 > -
0.4
0.2
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Year
-o- United States EU -0~ Japan China - India

EU = European Union.

Note(s)

An index of 1.00 indicates that articles are cited at their expected level. An index of 2.00 indicates that articles are cited at twice their
expected level. The index measures the share of publications that are in the top 1% of the world's cited publications, relative to all
the country's publications in that period and field. It is computed as follows: Sx = HCPx/ Px, where Sx s the share of output from
country xin the top 1% most-cited articles; HCPx is the number of articles from country x that are among the top 1% most-cited
articles in the world; and Px s the total number of papers from country xin the database that were published in 2014 or earlier.
Citations are presented for the year of publication, showing the counts of subsequent citations from peer-reviewed literature. At
least 2 years of data after publication are needed for a meaningful measure. Publications that cannot be classified by country or field
are excluded. Articles are classified by the publication year and assigned to a region, country, or economy on the basis of the
institutional address(es) listed in the article. The world average stands at 1.00% for each period and field. See Appendix Table 5-26
and Appendix Table 5-51.

Source(s)
National Science Foundation, National Center for Science and Engineering Statistics; SRI International; Science-Metrix; Elsevier,

Scopus abstract and citation database (https://www.scopus.com/), accessed July 2017.
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Collaboration on S&E publications between authors of different countries has risen over time, reflecting both an increased

pool of trained researchers and improvements in communications technologies. Other drivers include budget pressures on
R&D spending that increase the incentives for collaboration and sharing resources and also on the need to coordinate globally
on challenges like climate change, infectious diseases, and the allocation of scarce natural resources (Wagner, Park, and
Leydesdorff 2015).

(1] For more information on the developing and developed economy classification, see the International Monetary Fund
classification of countries, available at https://www.imf.org/external/pubs/ft/weo/2017/02/weodata/groups.htm, accessed 4
December 2017. According to the IMF, “This classification is not based on strict criteria, economic or otherwise, but instead has
evolved over time with the objective of facilitating analysis by providing a reasonably meaningful organization of the data.”

[21 The implications of these differences in top citations should be drawn with care because the data used for the analysis
require that article abstracts be provided in the English language. Many publications from China have English-language
abstracts but Chinese-language text, limiting their accessibility and likelihood of citation for researchers not fluent in Chinese.


https://www.nsf.gov/cgi-bin/goodbye?https://www.imf.org/external/pubs/ft/weo/2017/02/weodata/groups.htm
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Invention, Knowledge Transfer, and Innovation

S&E research and the S&T knowledge produced thereby are an important part of the overall innovation process (Pavitt
2005). These activities contribute to a nation’s capacity for innovation. The potential to transform this capacity into
implementation and economic growth drives interest in internationally comparable measures of innovation. Chapter 8
describes innovation as an interrelated system that translates the creativity and knowledge from S&E activities into benefits to
society and the economy. Discoveries and inventions evolve from potential to realized usefulness through the interaction of a
wide variety of actors and institutions. These take place through interrelated activities: invention is the process of bringing
something new and potentially useful into being; knowledge transfer involves the transfer of S&T to and from businesses,
government entities, academe, and other organizations and to individuals for further development and eventual commercial
and otherwise useful applications; and innovation takes place when a new or significantly improved product or process,
including in business practices, workplace organization or external relations, is implemented.

Science and Engineering Indicators 2018 presents detailed data on these various components for the United States, but
internationally comparable data on these topics are limited. The Overview presents selected topics from this three-part
system for which comprehensive and comparable international data are available. Two such topics are patents, an important
(albeit partial) indicator of invention, and venture capital, an important catalyst for the transformation of inventions into
innovation and practical use.

Patenting confers the rights of property to novel, useful, and nonobvious inventions for a specified period. Although the
propensity to patent varies across technology areas—and many patents do not become commercialized or lead to practical
innovations—patent grants and applications are one indicator of invention. While academic studies question the strength of
the link between patents and innovation, strengthening of intellectual property protection has been found to promote foreign
investment, which may in turn provide a pathway for knowledge flows (Boldrin and Levine 2013).

The developed world dominates global patenting, with notable growth (albeit from low bases) in several Asian economies.
The U.S. Patent and Trademark Office (USPTO) grants patents to inventors worldwide, with over 300,000 patents granted in
2016. Inventors from the United States, Japan, and EU account for the majority of USPTO patents (li Figure O-10). In
comparison however, patents granted to inventors from the rest of the world have risen more robustly since 2000, with more
than a three-fold increase in patents to other developed economies and a more than 13-fold increase in patents to developing
economies. The U.S. share of USPTO patents declined to under half of all USPTO patents by 2008.
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USPTO patents granted, by selected region, country, or economy of inventor: 2000-16
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Note(s)
Patent grants are fractionally allocated among regions, countries, or economies based on the proportion of the residences of all

named inventors.

Source(s)
Science-Metrix; SRI International. See Appendix Table 8-4.
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U.S. patents to inventors from developing countries have risen from under 1% in 2000 to 6% in 2016, with China (4%) and
India (1%) accounting for the bulk of these patents. China and India, however, still receive relatively modest shares of USPTO
patents. Additionally, China's patent office has experienced a much faster growth in patent applications than in the USPTO
and other major patent offices (WIPO 2014). Unlike USPTO patents, utility patents in China are not subject to extensive
examination, and while the foreign share is growing, patents in China's patent office are overwhelmingly filed by residents of
China (Hu 2010).

Three broad technology categories closely linked to the knowledge- and technology-intensive (KTI) industries (discussed in
the next section) account for more than 60 percent of USPTO patents granted in 2016: information and communications
technologies (ICT);[1] testing, measuring, and control;[2] and chemistry and health.[3] Materials and nanotechnology,[4] also
linked to KTl industries, accounted for 2% of USPTO patents in 2016. Between 2000 and 2016, the technology focus of USPTO



> National Science Board | Science & Engineering Indicators 2018 0|24

=
Np At

| Overview of the State of the U.S. S&E Enterprise in a Global Context

patents granted has shifted toward more ICT-related inventions (which rose from 22% of the total in 2000 to 37% of the total

in 2016) and slightly fewer chemistry and health-related ones (share fell from 20% to 16% from 2000 to 2016) (liFigure O-11).

FIGURE O-11 1l

USPTO patents granted in selected broad technology categories: 2000 and 2016
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USPTO = U.S. Patent and Trademark Office.

Note(s)

Data refer to the share of all USPTO patents in a particular technology category in the specified year. Patents are allocated according
to patent inventorship information. Patents are classified under the World Intellectual Property Organization classification of
patents, which classifies International Patent Classification codes under 35 technical fields. Fractional counts of patents were
assigned to each technological field on patents to assign the proper weight of a patent to the corresponding technological fields
under the classification. Patents are fractionally allocated among regions, countries, or economies based on the proportion of

residences of all named inventors. Data were extracted in April 2017.

Source(s)
Science-Metrix; PatentsView; SRI International. See Appendix Table 8-5 through Appendix Table 8-17 for supporting data and Table

8-2 for definitions of the broad technology categories.
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The pattern of specialized concentration at the country level, previously noted in a variety of indicators, is also evident in
patenting: each economy or country’s patents reflect different strengths. Adjusting for the size of its patenting pool, USPTO
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patents awarded to U.S. inventors have a particularly high concentration in the ICT area of information technology (IT)
methods for management, a field that includes special-purpose software for business management. This U.S. specialization in
part reflects patent rule differences within each country. In many countries outside of the United States, business methods
software is not patentable (Schmoch 2008). Both U.S. and EU inventors are particularly concentrated in the testing, measuring,
and control area, such as analysis of biological materials, and in chemistry and health, such as biotechnology and
pharmaceuticals. In contrast with EU inventors, Japanese inventors with USPTO patents focus in the ICT area of

semiconductors (liFigure O-12).

FIGURE 0-12 i

Patent activity index for selected technologies for the United States, EU, and Japan: 2014-16
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Note(s)

A patent activity index is the ratio of a country's share of a technology area to its share of all patents. A patent activity index greater
(less) than 1.0 indicates that the country is relatively more (less) active in the technology area. Patents are classified under the World
Intellectual Property Organization classification of patents, which classifies International Patent Classification codes under 35
technical fields. Fractional counts of patents were assigned to each technological field on patents to assign the proper weight of a
patent to the corresponding technological fields under the classification. Patents are fractionally allocated among regions, countries,

or economies based on the proportion of residences of all named inventors. Data were extracted in April 2017.

Source(s)
Science-Metrix; PatentsView; SRI International.
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Inventors in Japan, South Korea, Taiwan, and China are focused in ICT technologies—these technologies include basic
communication processes, semiconductors, and telecommunications. These four Asian economies also have a focus in optics,
a technology in the testing, measuring, and control area category that includes lasers as well as optical switching. Japanese
inventors are more than twice as likely to be granted USPTO patents in optics compared to other fields. South Korea, Taiwan,

and China also focus on nanotechnologies (liFigure O-12 and liFigure O-13).



N3 2 National Science Board | Science & Engineering Indicators 2018 0|27

| Overview of the State of the U.S. S&E Enterprise in a Global Context

Patent activity index of selected technologies for South Korea, Taiwan, and China: 2014-16
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A patent activity index is the ratio of a country's share of a technology area to its share of all patents. A patent activity index greater
(less) than 1.0 indicates that the country is relatively more (less) active in the technology area. Patents are classified under the World
Intellectual Property Organization classification of patents, which classifies International Patent Classification codes under 35
technical fields. Fractional counts of patents were assigned to each technological field on patents to assign the proper weight of a
patent to the corresponding technological fields under the classification. Patents are fractionally allocated among regions, countries,

or economies based on the proportion of residences of all named inventors. Data were extracted in April 2017.

Source(s)

Science-Metrix; PatentsView; SRI International.
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Knowledge transfer, including the transfer and dissemination of technology from inventors to users, is a critical
component of the innovation system. International transactions allow tracking of the market-based diffusion of technology
and innovation across international boundaries. One measure of such international transaction is the export flows of
intellectual property, measured by charges for the use on intellectual property, including cross-border royalties and fees
collected for licensing proprietary technologies.[>] Although trade patterns in royalties and licensing fees are affected by
different tax treatments, income from intellectual property broadly indicates which nations are producing intellectual property
products with commercial value. These patterns generally correspond to the countries and economies holding patents. Not
surprisingly, export revenue from the use of intellectual property continues to be concentrated in the lead recipients of USPTO
patents: the United States, the EU, and Japan. U.S. export revenue for use of intellectual property was $122 billion in 2016; in
that same year, it was $66 billion for the EU and $39 billion for Japan. However, the share accounted for by the United States
has declined, and the rest of the world’s share (excluding the EU and Japan) more than doubled from 6% to 16% between 2008
and 2016 (liFigure O-14). As the U.S., EU, and Japan export revenues for use of intellectual property have leveled off or

declined in the last few years, these revenues have continued to grow in other countries and regions.
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Exports of intellectual property (charges for their use), by selected region, country, or
economy: 2008-16
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EU exports do not include intra-EU exports.

Source(s)
World Trade Organization, Trade and tariff data, https://www.wto.org/english/res_e/statis_e/statis_e.htm, accessed 15 August 2017.
See Appendix Table 8-29.
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Another essential component of the translation of inventions into innovations and practical use is access to financing.
Developing and commercializing new and emerging technology is inherently risky, and financial support can provide insurance
against some of this uncertainty. Venture capital investment is an indicator of support for emerging technologies that have the
potential for successful commercialization and was globally about $131 billion in 2016. The United States attracts slightly more
than half of this venture capital funding, although its share has been declining as other countries, particularly China, ramp up

their S&T capabilities for developing new technologies.

Seed-stage venture capital refers to very early-stage financing, which generally provides funding for preliminary business
operations, such as proof-of-concept development and initial product development, as well as marketing for startups and
small firms that are developing new technologies. The United States attracted more than half of the nearly $6 billion of global
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seed-stage venture capital investment in 2016. These seed-stage investments are very small relative to early- and later-stage
venture capital investment (totaling almost $125 billion in 2016), which provide financing for further development, production,
commercialization, and marketing of new technologies (liFigure O-15 shows the data for the combined category of early- and
later-stage venture capital). The United States attracts slightly more than half of the global early- and later-stage venture
capital investment, followed by China. Between 2010 and 2016, the level of investment grew strongly in the U.S. although the
U.S. global share dropped from 68% to 52%. In China, investment rose from a low base between 2006 and 2013; after 2013,
growth accelerated as investment leaped from almost $3 billion in 2013 to $34 billion in 2016 (liFigure O-15), resulting in its

global share to rise from 5% to 27%.
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Early- and later-stage venture capital investment, by selected region, country, or economy:
2006-16
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Note(s)
Early-stage financing supports product development and marketing, the initiation of commercial manufacturing, and sales; it also
supports company expansion and provides financing to prepare for an initial public offering. Later-stage financing includes

acquisition financing and management and leveraged buyouts.

Source(s)

PitchBook, Venture capital and private equity database, https://my.pitchbook.com/.
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1] Information and communications technologies consists of communication processes, computers, digital communications,
information technology management, semiconductors, and telecommunications.

(2] Testing, measuring, and control consists of analysis of biological materials, control, measurement, and optics.

[3] Chemistry and health consists of pharmaceuticals, biotechnology, basic material chemistry, organic chemistry,
macromolecular chemistry, chemical engineering, and medical technologies.
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[4] Materials and nanotechnology consists of materials and metallurgy, microstructural and nanotechnology, and surface
technology and coating.

(5] For a broader discussion of this trade and the role of intellectual property protection, see the White House (2015:Box 7-1).
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Knowledge- and Technology-Intensive Economic Activity

S&E education and R&D investments lead to a highly skilled workforce and new S&E knowledge in the form of peer-
reviewed articles, patents, and intangibles. Over time, these investments also contribute to economic activity in the form of
products, services, and processes. S&E knowledge is increasingly a key input to production in the marketplace. Industries that
intensely embody new knowledge and technological advances in their production, as reflected by their R&D expenditures and
utilization of S&T in the delivery of their services, account for nearly one-third (31%) of global economic output. They span
both manufacturing (e.g., aircraft and spacecraft; computer equipment; communications and semiconductors; chemicals and
pharmaceuticals; testing, measuring, and control instruments; motor vehicles and parts; railroad and other transportation
equipment; machinery) and services sectors (e.g., education, health, business, R&D, financial, and information services) (see
Glossary; see Chapter 6 for a discussion of knowledge- and technology-intensive [KTI] industry categories).

At 38%, the United States leads the major economies in the percentage of its GDP that comes from these KTl industries.
Historically concentrated in the developed world, these industries typically make up a larger percentage of GDP in developed
economies than in developing economies. However, developing economies, led by China, are emerging as prominent players
as they ramp up their S&E capabilities. Additionally, recent global economic developments have had somewhat different
impacts on the major global players, further transforming this segment of the S&E landscape. For example, following the
global recession of the late-2000s, the United States has had strong growth in many KTl industries and trade of KTl goods and
services, contrasting with tepid or negative growth in the EU and Japan. China has continued to grow quite robustly and has
become the world's largest producer in many technology-intensive manufacturing industries. Although its relative position is
not as strong in the knowledge-intensive (KI) services sector, where the United States and the EU are the dominant global

producers, China is growing far more rapidly than developed economies overall.

The technology-intensive manufacturing industries are the most globalized among the Kl industries. International trade
and an interconnected global supply chain tie these Kl industries across the globe and reflect the interdependence and the
extent of globalization in the production process. For example, high-technology manufacturing industries, such as
communications, semiconductors, and computers, have complex global value chains with manufacturing often located far
away from the final markets. Medium-high-technology manufacturing industries, such as motor vehicles and parts and
electrical equipment and appliances, also have global value chains, although manufacturing generally occurs near or in the
final markets.

In high-technology manufacturing industries (which totaled $1.6 trillion in value-added terms in 2016), the United States
and China were the largest global providers (31% and 24% of the global share, respectively); China’s output rose sharply over
time and now exceeds that of the EU (liFigure O-16). Like the pattern of specialization seen in other S&E indicators, each
region specializes in somewhat different types of activities. The United States has strength in aircraft and spacecraft and in
measuring and control instruments. High-technology manufacturing of aircraft and spacecraft involves a supply chain of other
high-technology inputs—navigational instruments, computing machinery, and communications equipment—many of which
continue to be provided by U.S. suppliers.[1] The EU is also relatively strong in these two areas of aircraft and spacecraft and
measuring and control instruments. China is the largest producer of a large subsector of high-technology manufacturing,
information and communications technology (ICT), with a 34% global share.
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Output of HT manufacturing industries for selected regions, countries, or economies: 2003-16
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Note(s)

Output of HT manufacturing is on a value-added basis. Value added is the amount contributed by a country, firm, or other entity to
the value of a good or service and excludes purchases of domestic and imported materials and inputs. HT manufacturing industries
are based on a former classification by the Organisation for Economic Co-operation and Development and include aircraft and
spacecraft; communications; computers; pharmaceuticals; semiconductors; and testing, measuring, and control instruments. Data
are not available for EU members Cyprus, Estonia, Latvia, Lithuania, Luxembourg, Malta, and Slovenia. China includes Hong Kong.

Other selected Asia includes India, Indonesia, Malaysia, Philippines, Singapore, South Korea, and Vietnam.

Source(s)
IHS Global Insight, World Industry Service database (2017). See Appendix Table 6-7.
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Notwithstanding China’s rapid advances, high-technology manufacturing in China continues to be heavily dependent on
lower value-added activities, such as final assembly. In semiconductors, for example, although Chinese companies have
gained global market share, China remains largely reliant on semiconductors supplied by foreign firms for most of its
production of smartphones and other electronic products (PwC 2014). In the pharmaceutical sector (China is the third largest
global producer of pharmaceuticals), output is largely made up of the production of generic drugs by Chinese-based firms and
the establishment of production facilities controlled by U.S. and EU multinational corporations (MNCs) (Huang 2015). In
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contrast, the EU and the United States, the two largest global producers in pharmaceuticals, focus on biologics, vaccines, and
stem cell therapies and closely integrate research, testing, and manufacturing of these pharmaceutical products (Donofrio and
Whitefoot 2015:25). Many MNCs continue to conduct their higher value-added activities in developed countries because of the
greater availability of skilled workers and stronger intellectual property protection.

China's industry, however, is expected to move into emerging and complex technologies as companies continue to invest in
R&D facilities and as research collaborations increase with academia (Donofrio and Whitefoot 2015:26). Recent developments
indicate that China’s rapid investments in building its S&E capabilities likely have already unfolded a potential path toward
producing advanced products. For example, China has made impressive progress in its supercomputing ability over the last
few years, an area in which it had little presence a decade ago, but where it now features prominently among the top 10
machines (see Chapter 6 sidebar China's Progress in Supercomputers).[2] The first large Chinese-made jetliner, the Comac
€919, successfully completed its maiden test flight in 2017, a key step in China’s plan to move up the value chain and become
a global competitor in advanced technologies (Watt and Wong 2017).

A country's exports of KTl goods and services reflect its ability to compete in the world market. Globally, exports of high-
technology products totaled $2.6 trillion in 2016 and are dominated by ICT products. China is the world's largest exporter of
high-technology goods (24% of the global share) and has a substantial surplus (as measured by gross market value of traded
products). However, because many of China's exports consist of inputs and components imported from other countries,
China's exports and trade surplus are likely much less in value-added terms. The EU (17% global share), the United States
(12%), and Taiwan (11%) are the next largest global exporters of high-technology goods. Vietnam has experienced the fastest
rate of high-technology export growth of any single country and has become a low-cost location for assembly of cellular
phones and smartphones and other ICT products, with some firms shifting production out of China, where labor costs are
higher.

In medium-high-technology manufacturing industries (consisting of chemicals excluding pharmaceuticals, as well as
machinery and equipment, motor vehicles and parts, electrical machinery and appliances, and railroad and other
transportation equipment), global output totaled $3.3 trillion in value-added terms in 2016. Although these industries have
global and often complex value chains, production activities are generally located closer to the final market compared to
consumer electronics and other ICT industries with lightweight products (Donofrio and Whitefoot 2015:25). Transportation
costs are high in many of these industries due to large and heavy products and components. Furthermore, co-location of R&D
and design near the customers is advantageous for understanding customer needs and local market demand (Donofrio and
Whitefoot 2015:25). China is the largest global producer (32% of the global share) (liFigure O-17) in medium-high-technology
manufacturing industries. The EU and the United States are roughly tied for second (with a 19%-20% global share each), and
Japan is the third largest producer (10% of the global share).
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Output of MHT manufacturing industries for selected regions, countries, or economies: 2003-
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Note(s)

Output of MHT manufacturing is on a value-added basis. Value added is the amount contributed by a country, firm, or other entity to
the value of a good or service and excludes purchases of domestic and imported materials and inputs. MHT manufacturing
industries are based on a former classification by the Organisation for Economic Co-operation and Development and include
automotive; chemicals (excluding pharmaceuticals); electrical machinery; motor vehicles; railroad, shipbuilding, and other
transportation equipment; and machinery, equipment, and appliances. Data are not available for EU members Cyprus, Estonia,
Latvia, Lithuania, Luxembourg, Malta, and Slovenia. China includes Hong Kong. Other selected Asia includes India, Indonesia,
Malaysia, Philippines, Singapore, South Korea, Taiwan, and Vietnam.

Source(s)
IHS Global Insight, World Industry Service database (2017). See Appendix Table 6-7.
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Globally, exports of medium-high-technology products totaled $3.4 trillion in 2016, with the EU being the largest exporter,
followed by China, Japan, and the United States. The EU is the largest exporter in motor vehicles and parts, chemicals
excluding pharmaceuticals, and machinery and equipment; China is the world's largest exporter in electrical machinery and

appliances.
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In addition to technology-intensive manufacturing, KTl industries also include the public KI services of education and
health and a range of commercial services that totaled $11.6 trillion in value-added terms in 2016.[3] Commercial KI services
include finance (banking, insurance, securities, stock market, etc.); business (engineering, consulting, and R&D services); and
information services (computer programming and IT services).

Unlike technology-intensive manufacturing industries, more than half of the global output of commercial Kl services comes
from the United States (31%) and the EU (21%). China (17%) and Japan (6%) are the next largest global producers (liFigure
0-18). Although China’s relative position is not as strong in services as in manufacturing, China is making increasingly rapid
progress. In the rest of the developing world, India and Indonesia accounted for growing shares of global commercial Kl
services output. India's growth was led by firms that provide business and computer services, such as IT and accounting, to
developed countries. Indonesia had strong gains in financial services and business services.



National Science Board | Science & Engineering Indicators 2018 O |38

| Overview of the State of the U.S. S&E Enterprise in a Global Context

Output of commercial Kl services industries for selected regions, countries, or economies:
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Slovenia. China includes Hong Kong. Other selected Asia includes India, Indonesia, Malaysia, Philippines, Singapore, South Korea,

Taiwan, and Vietnam.

Source(s)
IHS Global Insight, World Industry Service database (2017). See Appendix Table 6-4.
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Globalization in the commercial Kl services industries, although increasing, remains lower than in the high-technology or
medium-high-technology manufacturing industries. Globally, exports of commercial Kl services totaled $1.6 trillion in 2016.
The trade of commercial Kl services around the world is facilitated in part by the outsourcing activities of multinational
corporations, taking advantage of economies with well-educated and multilingual populations. In 2016, the EU (33%) and the
United States (18%) together accounted for about half of the global exports in commercial Kl services, followed by India (7%)
and China (6%). India, however, represents a considerable share (16%) of global exports in telecommunications, computer,
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and information services, reflecting the success of Indian firms in providing IT and other business services to developed

countries.

[11 Boeing sources about 70% of the parts from U.S.-based companies and 30% from companies outside the United States to
produce its advanced 787 airliner and other similar models (CNN Money 2013).

(21 China had 18 of its supercomputers listed in the world’s top 500 supercomputers in November 2016 (https://
www.top500.org/statistics/sublist/).

[3] Public KI services—health and education—are much less market driven than other KTl industries. Additionally, international
comparison of these sectors is complicated by variations in the size and distribution of each country's population, market
structure, and degree of government involvement and regulation. As a result, differences in market-generated, value-added
data may not accurately reflect differences in the relative value of these services. The Overview presents other indicators for
education such as data on degrees awarded in Chapter 2.


https://www.nsf.gov/cgi-bin/goodbye?https://www.top500.org/statistics/sublist/
https://www.nsf.gov/cgi-bin/goodbye?https://www.top500.org/statistics/sublist/
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Summary and Conclusion

Over the past quarter century, countries have increasingly come to view scientific and technical capabilities as engines of
economic growth. Many countries have intensified efforts to build their S&T capabilities in a wide variety of areas and have
become part of, and benefit from, the emerging global S&E landscape. Consequently, this landscape has undergone dramatic
shifts: traditionally centered around the United States, Western Europe, and Japan, the S&E landscape is now increasingly
multipolar. Generally, S&T growth has been faster in the developing than in the developed world, and the historically
dominant developed nations have seen their relative share of global S&T activity shrink, even as their absolute activity levels
kept rising. China’s rapid, unprecedented, and sustained growth has been accompanied by developments in India, South
Korea, and other Asian economies as countries around the world, building on their relative strengths, added to global S&T
capabilities. These developments have taken place in the context of an increasingly interconnected world. Capacity building
and enhancements in R&D, human capital, global supply chains, and other global infrastructure, along with dramatic changes
in communications technologies, have facilitated the interconnected nature and greater international collaboration and
competition in S&E activities.

Academic institutions in the developed world continue to be centers of excellence, conducting high-impact S&E research
and providing graduate education in S&E to students from across the world. The United States continues to lead in the
production of advanced degrees in S&E and high-impact S&E research as evidenced by shares of highly cited publications.

Academic institutions in the developing world have increased their production of graduates with S&E degrees, with China
leading the growth in the number of these graduates. R&D expenditures in Asia have also grown rapidly, particularly in China
and South Korea. In the United States and the EU, growth has continued but at a slower rate. As a result, China's R&D
expenditures are now second only to those of the United States in annual magnitude. China's rapid growth in R&D
expenditures and in S&E degrees (both at the bachelor’s- and doctoral-degree levels) coincided with growth in S&E
publications.

R&D concentration and intellectual property-related activities are increasingly multipolar; several relatively small
economies appear to be specializing in S&E, as evidenced by high rates of R&D intensity in countries such as Israel (not
shown), South Korea, Taiwan, and Singapore. Commercial S&E activity has a large concentration in parts of South and East
Asia. Although Japan has been declining in some measures of S&E activates related to knowledge creation (such as its share of
S&E publications), the country still rates highly in terms of total publications and patents granted. South Korea and Taiwan
have experienced rapid growth in patenting and in intellectual property exports.

KTl production and trade account for increasing shares of global output and are closely related to country and regional
investment in S&E education and in R&D activity. Production and assembly of high-technology goods have emerged in the
developing world, particularly in China, where ICT and pharmaceutical manufacturing have become large shares of global
production. Exports of high-technology products are centered in Asia, where China accounts for one-quarter of all such
exports, but smaller nations such as Vietnam are rapidly expanding. This production activity, however, often represents the
final phase of the global supply chain, where components designed or produced in other countries are transformed into final
products, although China is gradually moving up the production value chain as it ramps up its S&E capabilities.

The developed world, particularly the economies of the United States, the EU, and Japan, maintains the bulk of KI
commercial services production and exports, the assignment of patents, and receipts for the use of intellectual property.
Intellectual property activities, in particular, are concentrated in developed economies, both large and small. These
developments reflect S&E components of the global value chain, where different regions contribute to global activity based on
relative strengths.
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The very nature of developments in S&T—unexpected insights, technological breakthroughs—along with general
uncertainties in the broader national and global environment, preclude a simple projection of past trends into the future. In
that sense, this Overview presents a snapshot of the world in a particular point in time. However, barring a major dislocation,
careful analysis and interpretation of the related indicators presented here allow a realistic understanding of the likely overall
direction of the global S&T landscape: dynamic, fast changing, integrated, interdependent, competitive, and tied together by a

global infrastructure.
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What Makes a Good Indicator?

Science and Engineering Indicators (Indicators) provides information on the state of the S&E enterprise in the United

States and globally through high-quality quantitative data from domestic and international sources. The data are
“indicators,” that is, quantitative summary information on the scope, quality, and vitality of the science and engineering
(S&E) enterprise or its change over time. The Methodology Appendix of the report provides detailed information on the
methodological, statistical, and data-quality criteria used for the report. This sidebar provides a brief and high-level
summary of the data sources used in this report and data-quality issues that influence the interpretation and accuracy of
the information presented in /ndicators.

First and foremost, a good indicator for use in the report explains something meaningful about the state of U.S. S&E in
its global setting. The report provides multiple indicators to inform different aspects of a topic. These indicators are used
by a wide variety of people and organizations with differing views about which indicators are the most significant for
their specific purposes. Additionally, because each indicator provides a partial measure of overall activity, multiple
indicators facilitate a more accurate and comprehensive understanding of the issue at hand.

A good indicator for the report is policy relevant, in that it contributes to an understanding of the current environment
and to informing the development of future policies. /ndicators data are used by policymakers at the federal-, state-, and
local-government levels. A good indicator is also policy neutral, in that it provides an objective, balanced, and accurate
description of the issue at hand. /ndicators generally emphasizes neutral and factual description using simple statistical
tools and then invites the exploration of more sophisticated causal models and relationships by the research community.

In addition, a good indicator provides an unbiased representation of its intended concept, with small enough
measurement error to allow data users to make meaningful distinctions between the categories and time periods (Hall
and Jaffe, 2012). When possible, the indicator is a direct measure of the intended concept, for example, the
representation of different demographic groups in S&E jobs. In other cases, the intended concept is hard to measure
directly and so related or proxy indicators are the best available. An example of this kind of indicator is S&E degree
production (Chapter 2). The concept most data users are interested in is the capacity of the workforce to be productive in
S&E fields, but the measure presented is S&E degrees earned.

Many of the indicators in the report are collected in surveys that are conducted by federal statistical agencies in the
United States and other countries. Well-constructed surveys align the questions asked of respondents to the concepts
that the indicator is intended to measure and provide the detailed category breakdowns that are most relevant to data
users. How well the survey-based indicator represents the intended population depends on how well the survey has
been able to obtain responses from the targeted population. The indicator’s precision, or inherent variability, depends
on number of respondents; more is better.

Some indicators used in the report come not from surveys but from data collected by companies, governments, and
organizations as part of their ongoing internal activities; these data are administrative data. Patent and bibliometric data
(Chapter 5, Chapter 6, and Chapter 8) are two examples. Because the data collection was not originally intended as an
indicator, these data may not fully correspond to the intended use for /ndicators and may not fully represent the desired
population. Good features of these kinds of data are that the respondent burden is low because the data already exist,
data sets are often very large, and the data source often has structured the data carefully, though generally for uses
other than as an indicator. Additionally, these data are often available with a shorter delay than is possible with survey
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data production cycles. In these cases, transparency about the difference between the concept intended and the actual

data provided allows a partial indicator to be a good one as well.

Indicators is prepared for the National Science Board by the National Center for Science and Engineering Statistics
(NCSES), a federal statistical agency within the National Science Foundation. Many of the individual indicators presented
are from NCSES's own surveys as well as from U.S. and other nations’ statistical agencies. To ensure the quality of the
indicators, wherever possible international data comparisons are presented using data that have been harmonized by
international organizations, such as the Organisation for Economic Co-operation and Development and the United
Nations, or has been prepared for NCSES across countries using consistent standards.

Glossary

Definitions

Commercial knowledge-intensive (KI) services: Knowledge-intensive services that are generally privately owned and compete
in the marketplace without public support. These services are business, information, and financial services.

European Union (EU): The EU comprises 28 member nations: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the
Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, and the United Kingdom. Unless otherwise noted,
data on the EU include all 28 nations.

High-technology manufacturing industries: Industries formerly classified by the Organisation for Economic Co-operation and
Development that spend a high proportion of their revenue on R&D. These industries consist of aerospace; pharmaceuticals;
computers and office machinery; semiconductors and communications equipment; and measuring, medical, navigation,
optical, and testing instruments.

Information and communications technologies (ICT) industries: A subset of knowledge- and technology-intensive industries,
consisting of two high-technology manufacturing industries, computers and office machinery and communications equipment
and semiconductors, and two knowledge-intensive services industries, information services and computer services, which is a
subset of business services.

Invention: The development of something new that has a practical bent—potentially useful, previously unknown, and
nonobvious.

Innovation: The implementation of a new or significantly improved product (good or service), or process, a new marketing
method, or a new organization method in business practices, workplace organization, or external relations (OECD/Eurostat
2005).

Knowledge transfer: The process by which technology or knowledge developed in one place or for one purpose is applied in
another place for the same or a different purpose. This transfer can take place freely or through exchange and either
deliberately or unintentionally. In the federal setting, technology transfer is the process by which existing knowledge, facilities,
or capabilities developed under federal R&D funding are used to fulfill public and private needs.

Knowledge- and technology-intensive (KTI) industries: Those industries that have a particularly strong link to science and
technology. These industries are five service industries (financial, business, communications, education, and health care); five
high-technology manufacturing industries (aerospace, pharmaceuticals, computers and office machinery, semiconductors and
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communications equipment, and measuring, medical, navigation, optical, and testing instruments); and five medium-high-

technology industries (motor vehicles and parts, chemicals excluding pharmaceuticals, electrical machinery and appliances,
machinery and equipment, and railroad and other transportation equipment).

Knowledge-intensive (KI) services industries: Those industries that incorporate science, engineering, and technology into their
services or the delivery of their services, consisting of business, information, education, financial, and health care.

Medium-high-technology manufacturing industries: Industries formerly classified by the Organisation for Economic Co-
operation and Development that spend a relatively high proportion of their revenue on R&D. These industries consist of
motor vehicles and parts, chemicals excluding pharmaceuticals as well as electrical machinery and appliances, machinery and
equipment, and railroad and other transportation equipment.

Research and development (R&D): Research and experimental development comprise creative and systematic work
undertaken to increase the stock of knowledge—including knowledge of humankind, culture, and society—and its use to
devise new applications of available knowledge.

Basic research: Experimental or theoretical work undertaken primarily to acquire new knowledge of the underlying
foundations of phenomena and observable facts, without any particular application or use in view.

Applied research: Original investigation undertaken to acquire new knowledge; directed primarily, however, toward a specific,
practical aim or objective.

Experimental development: Systematic work, drawing on knowledge gained from research and practical experience and
producing additional knowledge, which is directed to producing new products or processes or to improving existing products
or processes (OECD 2015).

R&D intensity: A measure of R&D expenditures relative to size, production, financial, or other characteristics for a given R&D-
performing unit (e.g., country, sector, company). Examples include R&D-to-GDP ratio and R&D-to-value-added output ratio.

Value added: A measure of industry production that is the amount contributed by a country, firm, or other entity to the value
of the good or service. It excludes double-counting of the country, industry, firm, or other entity purchases of domestic and
imported supplies and inputs from other countries, industries, firms, and other entities.

Key to Acronyms and Abbreviations

ARRA: American Recovery and Reinvestment Act

EC: European Commission

EU: European Union

FFRDC: federally funded R&D center

GDP: gross domestic product

HT: high technology

ICT: information and communications technologies
IPEDS: Integrated Postsecondary Education Data System
IT: information technology

KI: knowledge intensive

KTI: knowledge- and technology-intensive
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MHT: medium-high technology

MNC: multinational corporation

NCSES: National Center for Science and Engineering Statistics

OECD: Organisation for Economic Co-operation and Development

PPP: purchasing power parity

R&D: research and development

ROW: rest of world

S&E: science and engineering

S&T: science and technology

UNESCO: United Nations Educational, Scientific and Cultural Organization
USPTO: U.S. Patent and Trademark Office

WebCASPAR: Integrated Science and Engineering Resources Data System

WIPO: World Intellectual Property Organization
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CHAPTER 1

Elementary and Secondary Mathematics and Science

Education
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Highlights

Student Learning in Mathematics and Science

The National Assessment of Educational Progress (NAEP) mathematics assessment results show that average
mathematics scores for fourth, eighth, and twelfth graders declined slightly for the first time in 2015 and remained flat or
showed only small gains between 2005 and 2015.

+  The average NAEP mathematics score in 2015 declined by 2 points for fourth graders, 3 points for eighth graders,
and 1 point for twelfth graders compared with 2013. These are the first declines since 1990 for fourth and eighth
graders and since 2005 for twelfth graders.

«  Although the long-term trend in average scores for fourth and eighth graders has been upward, the improvement
slowed down this past decade. From 2005 to 2015, average NAEP mathematics scores increased by 2 points for
fourth graders and 3 points for eighth graders; in comparison, from 1996 to 2005, the average scores increased by
14 points for fourth graders and 9 points for eighth graders.

NAEP science assessment results show that average scores increased slightly in 2015 for fourth and eighth graders but
stayed similar for twelfth graders.

+ The average NAEP science scores increased 4 points between 2009 and 2015 in grades 4 and 8 but did not change in
grade 12.

Less than half of fourth, eighth, and twelfth grade students achieved a level of proficient (defined as “solid academic
performance”) or higher on NAEP mathematics and science assessments in 2015.

«  Forty percent of fourth graders, 33% of eighth graders, and 25% of twelfth graders achieved a level of proficient or
higher in mathematics in 2015.

«  Approximately 38% of fourth graders, 34% of eighth graders, and 22% of twelfth graders achieved a level of
proficient or higher on the NAEP science assessment in 2015.

Performance disparities in mathematics and science were evident among different demographic groups at all grade
levels.

+  Average scores on 2015 NAEP mathematics and science assessments for fourth, eighth, and twelfth grade students
who were eligible for free or reduced-price lunch (an indicator of socioeconomic status) were 23 to 29 points lower
than the scores of their peers who were not eligible for the program.

«  Performance gaps between white students and black and Hispanic students showed similar patterns across all NAEP
assessments and grade levels, with average scores of white students at least 18 points higher than those of Hispanic
students and at least 24 points higher than those of black students.

+  Score differences between students eligible for free or reduced-price lunch and those who were not persisted within
racial or ethnic groups. For example, the gaps between eligible and non-eligible students in grade 4 mathematics
were 18 points among white students, 17 points among Hispanic students, and 16 points among black students.
Similar gaps held among eighth and twelfth grade students and across all grade levels in science.
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+  Gaps between male and female students on NAEP mathematics and science assessments were small, with average
score differences of two to five points in favor of male students. There was no difference in average scores by sex for
grade 8 mathematics or grade 4 science.

Performance disparities in mathematics and science begin as early as kindergarten and persist through subsequent
school years.

+  Astudy based on the mathematics and science assessment scores among the kindergarten class of 2010-11 shows
that gaps in average scores by race or ethnicity and family income level evident in kindergarten do not narrow by the
end of third grade.

« The gap in average mathematics scores between students in families with income below the federal poverty level
and those in families with income at or above 200% of the federal poverty level was 9 points at the beginning of
kindergarten and 10 points by the spring of third grade; the science score gap was 5 points at the beginning of first
grade and 8 points by the spring of third grade.

« The gap in average mathematics scores between white and black students was 6 points at the beginning of
kindergarten and 13 points in the spring of third grade; the science score gap was 5 points at the beginning of first
grade and 9 points by the spring of third grade.

In the international arena, the Trends in International Mathematics and Science Study (TIMSS) and the Program for
International Student Assessment (PISA) 2015 data show that the U.S. average mathematics assessment scores were well
below the average scores of the top-performing education systems.

+  Onthe TIMSS mathematics assessment, average scores for the top five performers—Singapore, Hong Kong, South
Korea, Taiwan, and Japan—were at least 54 points higher than the United States at grade 4 (593-618 versus 539) and
at least 68 points higher than the United States at grade 8 (586-621 versus 518).

+ The United States’ average score of 470 on the PISA mathematics literacy assessment for 15-year-olds was at least
62 points below the average scores (532-564) of the top five performers—Singapore, Hong Kong, Macau, Taiwan,
and Japan.

TIMSS data show that U.S. fourth and eighth graders have raised their scores over the 20 years since administration of
the first TIMSS mathematics assessment in 1995.

+  Between 1995 and 2015, the average mathematics score increased by 21 points for fourth graders and by 26 points
for eighth graders.

The 2015 data from PISA indicate that the United States performs better internationally in science literacy than it does in
mathematics literacy.

+  The United States’ average science literacy score of 493 was not significantly different from the Organisation for
Economic Co-operation and Development (OECD) average and put the United States behind 18 other education
systems. In contrast, the mathematics literacy score was below the OECD average and put the United States behind
36 other education systems.
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High School Coursetaking in Mathematics and Science

Among ninth graders who entered high school in 2009 and completed high school in 2013, the vast majority (89%)
completed algebra 2 or higher in mathematics, and nearly all (98%) completed biology in science.

+  Approximately one-quarter of students stopped with algebra 2 as their highest mathematics course, another
quarter stopped with trigonometry or other advanced mathematics, 22% advanced to pre-calculus, and 19%
finished with calculus or higher.

+ In addition to taking biology, 76% of ninth graders who began high school in 2009 took chemistry and 42% took
physics by the time they completed high school in 2013.

The number of high school students who take Advanced Placement (AP) exams in mathematics and science continues to
rise.

* Calculus AB is the most common mathematics AP exam. The number of students who took an AP exam in calculus
AB increased from 197,000 in 2006 to more than 308,000 in 2016.

+  Biology is the most common science AP exam. The number of students who took an AP exam in biology increased
from nearly 132,000 in 2006 to 238,000 in 2016.

+  Computer science A is the fastest-growing AP exam, with the number of students taking the exam growing nearly
four-fold from just under 15,000 in 2006 to nearly 58,000 in 2016.

*  Passing rates for the mathematics and science AP exams in 2016 ranged from lows of 40% for physics 1 and 46% for
environmental science to highs of 77% for physics C: mechanics and 81% for calculus BC.

Teachers of Mathematics and Science

The majority of K-12 mathematics and science teachers held a teaching certificate and had taught their subjects for 3
years or more.

* In 2011, the vast majority of public middle and high school mathematics (91%) and science (92%) teachers were fully
certified (i.e., held regular or advanced state certification).

+  In 2011, 85% of public middle and high school mathematics teachers and 90% of science teachers had more than 3
years of teaching experience.

Fully certified, well-prepared, and experienced teachers were not evenly distributed across schools or classes.

+  Fully certified mathematics and science teachers were less prevalent in high-minority and high-poverty schools when
compared with schools with students from higher-income families. For example, in 2011, 88% of mathematics
teachers in high-poverty schools were fully certified, compared with 95% of those in low-poverty schools.

+ At the middle school level, in 2011, 75% of mathematics teachers in low-poverty schools had in-field degrees,
compared with 63% of teachers at high-poverty schools.

+  Atthe high school level, 95% of mathematics teachers at low-poverty schools had in-field degrees, compared with
87% at high-poverty schools.

+  The percentage of mathematics teachers with fewer than 3 years of experience was higher at high-poverty schools
(18%) than at low-poverty schools (10%). The pattern was similar for science teachers.
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In 2011, the average base salary of middle and high school teachers was approximately $53,000 for mathematics
teachers and $54,000 for science teachers.

+ Compensation for U.S. mathematics and science teachers was nearly equivalent to that of teachers of other subjects
in 2011.

+ Intheinternational arena, the United States ranks low among developed countries with respect to teachers’ salaries
relative to the salaries of other college-educated workers. For primary school teachers, the U.S. ranking is 20th of 23
countries. For lower and upper secondary school teachers, the United States is 21st of 23 countries.

Instructional Technology and Digital Learning

The use of instructional technology in K-12 classrooms has grown, and the number of schools with adequate bandwidth
for accessing the Internet has increased.

+ In 2009, 97% of K-12 public school teachers reported that they had one or more computers in their classroom, and
69% said that they or their students often or sometimes used computers during class time.

+ In 2016, more than two-thirds of school district technology administrators indicated that all the schools in their
district fully met the Federal Communication Commission’s Internet bandwidth recommendations for public schooals,
up from 19% in 2012.

+ National data available to address the quality and effectiveness of technology-based educational programs delivered
in classrooms remain limited; available research has generally shown only modest positive effects of technology on
learning.

The number of students participating in online learning has also risen.
* Inthe 2014-15 school year, 24 states operated virtual schools that offered supplemental online courses for
students. These schools served more than 462,000 students, who took a total of 815,000 online semester-long

courses. Although still a small fraction of the approximately 50 million students enrolled in K-12 public schools, this
was a substantial increase since 2012-13, when 721,149 semester course enrollments were recorded.

«  High school students took most of these courses (85%). Math courses made up nearly 23% of the courses taken, and
science courses made up 14%.

Transition to Higher Education

U.S. on-time high school graduation rates have improved steadily.

*  In 2011, 79% of public high school students graduated on time with a regular diploma; by 2015, the figure had
climbed to 83%.

+  Although on-time graduation rates for economically disadvantaged students have improved by 6 percentage points
since 2011, these students continue to graduate at lower rates than the general population (76% versus 83% in
2015).
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Significant racial and ethnic differences persisted, with white and Asian or Pacific Islander students having higher
graduation rates than other racial or ethnic subgroups.

+ In 2015, the on-time high school graduation rates for Asian or Pacific Islander and white students were 90% and
88%, respectively; and both rates surpassed those of black, Hispanic, and American Indian or Alaska Native students
(72%-78%) by at least 10 percentage points.

Immediate college enroliment rates have increased for all students from 1975 to 2015, although differences remain for
demographic groups.

+ Between 1975 and 2015, the percentage of high school graduates making an immediate transition to college
increased from 51% to 69%.

« In 2015, the immediate college enrollment rate of students from low-income families was 14 percentage points
lower than the rate of those from high-income families (69% versus 83%).

«  Enrollment rates also varied widely with parental education, ranging in 2015 from 56% for students whose parents
had less than a high school education to 82% for students whose parents had a bachelor’s degree or higher.

Introduction

Chapter Overview

Elementary and secondary education in mathematics and science is the foundation of human capital that advances science
and engineering research, technology development, innovation, and economic growth. Every U.S.-educated scientist and
engineer begins his or her science, technology, engineering, and mathematics (STEM) education in the K-12 grades. There,
talents may be built or discovered, interest in STEM cultivated, and knowledge acquired that allows students to succeed in
pursuing STEM degrees in postsecondary education. For those who do not pursue STEM, the mathematics and science
knowledge needed to function as consumers and citizens emerges largely from K-12 education. Within this context, federal
and state policymakers, educators, and legislators are working to broaden and strengthen STEM education at the K-12 level.
Efforts to improve mathematics and science learning include promoting early participation in STEM in the elementary grades,
increasing advanced coursetaking in high school, recruiting and training more mathematics and science teachers, and
expanding secondary education programs that prepare students to enter STEM fields in college.

The Every Student Succeeds Act (ESSA), the first reauthorization of the Elementary and Secondary Education Act in nearly a
decade, was signed into law in late 2015. The act identifies STEM as a crucial component of a well-rounded education for all
students. It also allows states to act on a variety of STEM priorities, including mathematics and science standards and
assessment, recruitment and training of STEM teachers, formation of STEM specialty schools, and increased access to STEM
for underserved and at-risk student populations. ESSA also provides new focus on engineering and technology by explicitly
including computer science in its definition of STEM and by allocating federal funds to help states integrate engineering and
technology into their science standards and assessments.

Educators have joined a state-led effort to develop common national K-12 mathematics and science standards, as well as
assessments and indicators for monitoring progress in K-12 mathematics and science teaching and learning. Many states
have adopted and implemented the Common Core State Standards in mathematics, and 18 states and the District of
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Columbia have adopted the Next Generation Science Standards. Progress is also being made on a national system for

monitoring progress in STEM education (see sidebar B Developing a K-12 STEM Education Indicator System).
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SIDEBAR B

Developing a K-12 STEM Education Indicator System

In 2011, the National Research Council (NRC) released Successful K-12 STEM Education: Identifying Effective Approaches
in Science, Technology, Engineering, and Mathematics, which describes the components of successful science,
technology, engineering, and mathematics (STEM) education (National Research Council [NRC] 2011). In response,
Congress requested that the National Science Foundation (NSF) identify methods for tracking and evaluating the
implementation of the components recommended by the NRC. An NRC-convened committee authored a second report
that outlined 14 indicators of successful STEM education that could be monitored and tracked, including markers of
students’ access to quality learning, educators’ capacity, and STEM policy and funding initiatives (NRC 2013). The report
also addressed the need for research and data that could be used to measure progress on each indicator, noting that
many of the indicators required new kinds of data collection, additional research, and conceptual development.

The STEM Indicators project has identified data sources that can be used for the indicators and other areas in which new
data sources are needed (http://stemindicators.org/). New data sources include new questions on the National Teacher
and Principal Survey of 2017-18, which will collect, for the first time, data on STEM school magnet programs, the amount
of instructional time devoted to science, and teacher professional development in STEM topics. NSF has funded 15
research projects investigating valid and reliable measurement of the indicators and has initiated another grant cycle for
additional research and development (http://stemindicators.org/stem-education-researchers/dclprojects/).

Chapter Organization

To provide a portrait of K-12 STEM education in the United States, including comparisons of U.S. student performance with
that of other nations, this chapter compiles indicators of pre-college mathematics and science teaching and learning based
mainly on data from the National Center for Education Statistics (NCES) of the Department of Education, supplemented by
other public sources. EiTable 1-1 contains an overview of the topics covered in this chapter and the indicators used to address

them. Whenever a comparative statistic is cited in this chapter, it is statistically significant at the 0.05 probability level.

This chapter focuses on overall patterns in STEM education and reports variation in STEM access and performance by
students’ socioeconomic status (SES), race or ethnicity, and sex. The chapter also examines differences by SES and sex within
racial or ethnic groups. Research suggests that STEM education can provide historically underrepresented populations with
pathways for obtaining good jobs and a higher standard of living, if they can access these opportunities (Doerschuk et al.
2016; Leadership Conference Education Fund 2015; Wang and Degol 2016). Data in this chapter reveal consistent achievement
and opportunity gaps in STEM education across the K-12 spectrum. With few exceptions, the data show major, substantial
effects of SES on achievement levels, early and persisting differences among racial or ethnic groups, often substantial
achievement differences by SES within racial or ethnic groups, and some differences in male and female achievement. These
results are consistent across all types of data discussed, including tests of different student panels, tests that follow specific
age cohorts, international tests, student coursetaking in high school, on-time high school graduation rates, scores on college
readiness assessments, and immediate college enroliment rates.

This chapter is organized into five sections. The first section presents indicators of U.S. students’ performance in STEM
subjects in elementary and secondary school. It begins with a review of national trends in mathematics and science
assessment scores in grades 4, 8, and 12, using data from the National Assessment of Educational Progress (NAEP). The NAEP
section also includes data from a new assessment of eighth graders’ technology and engineering literacy. Next, the section


https://www.nsf.gov/cgi-bin/goodbye?http://stemindicators.org/
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presents data from a longitudinal study that tracks individual students’ growth in mathematics and science knowledge over
time: the Early Childhood Longitudinal Study, Kindergarten Class of 2010-11 (ECLS-K:2011). The section ends by placing U.S.
student performance in an international context, using data from two international studies: the Trends in International
Mathematics and Science Study (TIMSS), which examines the mathematics and science performance of students in grades 4, 8,
and 12; and the Program for International Student Assessment (PISA), which examines the mathematics and science literacy of
15-year-olds.

The second section focuses on STEM coursetaking in high school. Using data from NCES's High School Longitudinal Study
of 2009 (HSLS:09), data from the College Board's Advanced Placement (AP) program, and data collected by the Department of
Education’s Office for Civil Rights, it examines high school students’ participation in mathematics and science courses,
including engineering and computer science.

The third section turns to U.S. elementary, middle, and high school mathematics and science teachers, reviewing data
presented in Science and Engineering Indicators 2076 (National Science Board [NSB] 2016) and presenting new data
comparing U.S. teachers' salaries with those of their peers in other countries.

The fourth section examines how technology is used in K-12 education. The section begins by presenting the latest
national data on the availability or use of various technological devices in classrooms, Internet access in schools, and the
prevalence of online learning among K-12 students. It then provides a review of research on the effectiveness of technology as
an instructional tool to improve student learning outcomes.

The fifth section focuses on indicators related to U.S. students’ transitions from high school to postsecondary education. It
presents national data for on-time high school graduation rates, trends in immediate college enrollment after high school,
academic readiness for college, and students’ plans to major in a STEM subject in college. This section also examines the high
school graduation rates of U.S. students relative to those of their peers in other countries. Together, these indicators present a
broad picture of the transition of U.S. students from high school to postsecondary education, the topic of Chapter 2.
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TABLE 1-1 EH

Indicators of elementary and secondary school mathematics and science education

(Topic and indicator)
Topic Indicator

+ Trends in fourth, eighth, and twelfth graders’ mathematics performance through 2015

Student learning in
mathematics and

science

Student
coursetaking in

mathematics and

+ Eighth graders' technology and engineering literacy in 2014
» Mathematics and science performance of first-time kindergarten students in the 2012-13 and 2013-14 school years
* International comparisons of mathematics and science performance of students in grades 4, 8, and 12in 2015

* International comparisons of 15-year-olds’ mathematics and science literacy in 2015

+ Highest mathematics and science course enrollment of high school completers in 2013

+ Trends in participation and performance in the Advanced Placement program from 2006 to 2016

science

Teachers of o ) ) ) ) )
) * Certification, experience, and salaries of U.S. mathematics and science teachers in 2012
mathematics and ) . o
* International comparisons of teacher salaries in 2014
science
Instructional
technology and * Review of emerging practices of instructional technology and online learning and their effects on student learning

digital learning

+ Trends in on-time high school graduation rates from 2011 to 2015

* International comparisons of secondary school graduation rates in 2014
Transitions to higher

» Immediate college enrollment from 1975 to 2013
education

* High school students reporting plans for a postsecondary STEM major in 2013

+ High school students meeting college readiness benchmarks in 2016

STEM = science, technology, engineering, and mathematics.
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Student Learning in Mathematics and Science

Increasing academic achievement for a// students—with an emphasis on improving the performance of low-achieving
students—is a critical goal of education reform in the United States. It is equally important to increase the number and
diversity of students achieving at the highest academic levels. Many educators and policymakers focus on improving student
learning in STEM subjects because workers’ proficiency in STEM fields is considered vital to the health of the economy
(Atkinson and Mayo 2010; PCAST 2012). This section presents indicators of U.S. students’ performance in STEM subjects in
elementary and secondary school. It begins with a review of national trends in scores on mathematics and science
assessments, using data from NAEP. Next, it presents data from ECLS-K:2011, which focused on students’ growth from
kindergarten to third grade. The section ends by placing U.S. student performance in an international context, comparing the
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mathematics and science literacy of U.S. 15-year-olds and the mathematics and science performance of U.S. fourth, eighth,
and twelfth graders with those of their peers in other countries.

National Trends in K-12 Student Achievement

This subsection looks at trends in U.S. students’ achievement in mathematics and science over time, presenting estimates
from NAEP, the largest nationally representative and continuing assessment of what America’s students know and can do in
various subject areas. Contributing to this review are 2015 data from the main NAEP mathematics and science assessments of
students in grades 4, 8, and 12. All NAEP assessments include students from public and private schools, so results are
representative of the in-school population in the United States. Comparable NAEP data are available beginning in 1990 for
mathematics for grades 4 and 8 and beginning in 2005 for grade 12.[1] Comparable science data are available since 2009 for
all three grades.[2] NAEP 2015 includes the first science achievement data collected for fourth and twelfth graders in 6 years
and for eighth graders in 4 years. The section also provides information about student performance in technology and
engineering, based on results from a new NAEP assessment, technology and engineering literacy (TEL), which was first
administered to eighth graders in 2014. TEL will be administered to students in grades 4 and 12 in future years.

Reporting Results for the Main NAEP

The main NAEP reports student performance in two ways: scale scores and student achievement levels. A scaled score is
the total number of correct questions (raw score) on an exam that have been converted onto a consistent and standardized
scale. This standardization allows scores reported from a test to have consistent meaning for all test takers, especially across
different editions of the same test. Main NAEP scale scores range from 0 to 500 for grades 4 and 8 and from 0 to 300 for grade
12 on the mathematics assessment. On the science and TEL assessments, however, the scale scores range from 0 to 300 for
all students. With broad input from the public, educators, and policymakers, the National Assessment Governing Board
(NAGB), an independent board that sets policy for NAEP, has developed achievement levels that indicate the extent of
students’ achievement expected for a particular grade level. There has been some debate that these levels may be too
rigorous; thus, results should be interpreted with caution (Loveless 2016).13] The three grade-specific achievement levels for
mathematics, science, and technology/engineering literacy are the following:

Basic partial mastery of knowledge and skills
Proficient. solid academic performance
Advanced: superior academic performance
Mathematics Performance of Students in Grades 4, 8, and 12 in 2015

Average score. The average NAEP mathematics score in 2015 was 240 for fourth graders, 282 for eighth graders, and 152
for twelfth graders (Appendix Table 1-1). These scores represent a slight decline from 2013, when the scores were 242, 285,
and 153, respectively. These are the first declines in NAEP mathematics assessments since 1990 for fourth and eighth graders
and since 2005 for twelfth graders, although these are small changes and may be a natural fluctuation rather than the start of
a downward trend. Although the scale is 0 to 500 for the fourth and eighth grade assessments and 0 to 300 for the twelfth
grade, it is important to note that the effective score range (i.e., the range from the 10th to the 90th percentiles) for the
preponderance of students is less than 100 points, which puts the magnitude of score differences in context. Eighty percent of
fourth graders scored between 202 and 277, 80% of eighth graders scored between 235 and 329, and 80% of twelfth graders
scored between 107 and 196. Although the long-term trend in average scores for fourth and eighth graders has been upward,
the improvement slowed down this past decade. From 2005 to 2015, average NAEP mathematics scores increased by 2 points
for fourth graders and 3 points for eighth graders; in comparison, from 1996 to 2005, the average scores increased by 14

points for fourth graders and 9 points for eighth graders (liFigure 1-1).
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FIGURE 1-1 ol

Average NAEP mathematics scores of students in grades 4 and 8: 1990-2015
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NAEP = National Assessment of Educational Progress.

Note(s)

NAEP mathematics assessment scores range from 0 to 500 for grades 4 and 8.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016) of NAEP 1990, 1992,
1996, 2000, 2003, 2005, 2007, 2009, 2011, 2013, and 2015 mathematics assessments, National Center for Education Statistics. See
Appendix Table 1-1.
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Socioeconomic status. NAEP uses eligibility for the National School Lunch Program (NSLP) as an indicator for SES, with
eligibility for the program considered an indicator of SES. It is widely understood that eligibility for the NSLP is an inadequate
measure of student poverty or SES for a variety of reasons (Cowan et al. 2012; Snyder and Musu-Gillette 2015). For example,
students above the federal poverty level may still qualify for the NSLP, and a comprehensive measure of a student’s SES would
include such factors as parental education and occupation in addition to measures of poverty. NAGB and others continue to
report school lunch eligibility as a proxy for SES because it is the only measure that is available at the school level. Information
on family income, parental education, parental occupation, and other factors needed to better capture SES are not readily
available. NAGB is pursuing other ways to report SES for students taking NAEP exams. In the meantime, readers should
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interpret SES results reported here with the understanding that eligibility for school lunch is not a precise measure of the
construct.

Average 2015 NAEP mathematics assessment scores varied by school lunch eligibility for all grade levels, with eligible
students posting average scores from 23 to 28 points lower than non-eligible students (Appendix Table 1-1). In the past
decade, the gap between eligible and non-eligible students did not decrease in size at any grade level.

Race or ethnicity. Scores also varied by race or ethnicity at all grade levels, with Asian or Pacific Islander students receiving
the highest average scores at all three grade levels (Appendix Table 1-1). In 2015, for example, average mathematics scores for
eighth graders were 306 for Asian or Pacific Islander students, 292 for white students, 270 for Hispanic students, and 260 for
black students. It is important to note that these are average scores, however, and that students from all groups score at the
higher and lower ends of the score distributions. Fourth and eighth grade Hispanic and black students reduced gaps relative
to white students between 2005 and 2015. Although the average score for white students in grade 4 increased by 2 points
after 2005, the average score rose by 4 points for Hispanic students and by 4 points for black students. Similarly, in grade 8,
scores improved by 8 and 5 points for Hispanic and black students, respectively, compared with a 3-point gain for white
students.

Sex. The average mathematics scores for male fourth graders and twelfth graders were slightly higher than the average
scores for female students in those grades: 241 for male versus 239 for female fourth graders, and 153 for male versus 150
for female twelfth graders. There was no difference in scores by sex for eighth graders because female students at this grade
level gained more points (4 since 2005) in the past decade than male students did (2 since 2005).

Socioeconomic status and sex by race or ethnicity. Score differences between students who were eligible for free or
reduced-price lunch (low SES) and those who were not eligible (high SES) were observed within racial or ethnic groups in 2015.
For example, the gaps between eligible and non-eligible students in grade 4 were 25 points among Asian or Pacific Islander
students, 18 points among white students, 17 points among Hispanic students, and 16 points among black students (B8 Table
1-2). Similar gaps held among eighth and twelfth grade students, except for a smaller 9-point gap among Hispanic students in
grade 12.

A few small differences in average mathematics scores by sex were observed in 2015 within racial or ethnic groups (B Table
1-2). In grade 4, the average score for white male students was 2 points higher than the score for white female students.
Among black students in grade 4, the pattern was reversed, with the average score for black female students 2 points higher
than the score for black male students. The average score for black female students was also higher than that for black male
students in grade 8, although there was no significant difference by sex at grade 12. The largest difference in average scores
for male and female students was among Hispanic students in grade 12. The average score for male students was 5 points
higher than that for female students.
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TABLE 1-2 EH

Average scores of students in grades 4, 8, and 12 on the main NAEP mathematics assessment, by
socioeconomic status and sex within race or ethnicity: 2015

(Average score)

Socioeconomic status® Sex
Grade and race or ethnicity

Eligible for free or reduced-price lunch | Not eligible for free or reduced-price lunch | Male | Female

All students in grade 4

White 237 255 | 249 247
Black 221 237 | 223 225
HispanicP 227 244 | 231 229
Asian or Pacific Islander 241 266 | 259 255

American Indian or Alaska

223 239 228 226
Native
More than one race 233 256 | 246 244
All students in grade 8
White 276 298 | 292 291
Black 256 273 | 259 262
Hispanic? 266 282 | 270 270
Asian or Pacific Islander 291 316 | 305 306
American Indian or Alaska
260 280 | 265 270
Native
More than one race 271 296 | 285 285
All students in grade 12
White 145 164 161 159
Black 124 140 129 131
Hispanic? 135 144 | 141 136
Asian or Pacific Islander 157 177 | 171 169
American Indian or Alaska
133 s 14 s

Native

More than one race 144 165 158 157
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s = suppressed for reasons of confidentiality and/or reliability.

NAEP = National Assessment of Educational Progress.

@ NAEP uses eligibility for the federal National School Lunch Program (NSLP) as a measure of socioeconomic status. NSLP is a federally
assisted meal program that provides low-cost or free lunches to eligible students. It is sometimes referred to as the free or reduced-
price lunch program.

b Hispanic may be any race. American Indian or Alaska Native, Asian or Pacific Islander, black, white, and more than one race refer to
individuals who are not of Hispanic origin.

Note(s)

Main NAEP mathematics assessment scores range from 0 to 500 for grades 4 and 8 and from 0 to 300 for grade 12.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016) of main NAEP 2015

mathematics assessment, National Center for Education Statistics.
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Proficiency level. Forty percent of fourth graders, 33% of eighth graders, and 25% of twelfth graders achieved a level of
proficient or higher in mathematics in 2015 (Appendix Table 1-2). As with average scale scores, these percentages represent
slight decreases compared with 2013 for fourth and eighth graders but are slight increases since 2005. In the decade since
2005, the percentage of students scoring proficient or above increased by about 4 percentage points for fourth graders and 3
percentage points for eighth graders. In the period between 1996 and 2005, the increases were larger: about 15 percentage
points for students in grade 4, and 7 percentage points for students in grade 8. Although the percentage of students reaching
proficiency or better did increase, on average, it stayed well below 50% for all grade levels and decreased as the grade level

increased.

Demographic patterns similar to those noted in the discussion of scale scores also characterized the proficiency levels. For
example, 51% of grade 4 white and 62% of grade 4 Asian or Pacific Islander students reached proficiency in mathematics
(Appendix Table 1-2). The percentages for grade 4 students in other racial or ethnic groups were much lower: 26% for Hispanic
students, 23% for American Indian or Alaska Native students, and 19% for black students.

Science Performance of Students in Grades 4, 8, and 12 in 2015

Average score. The average NAEP science scores of students in 2015 were 154 for fourth and eighth graders and 150 for
twelfth graders (Appendix Table 1-3). Although the overall scale for the assessments is 0 to 300, the effective score range of
these tests is about 90 points: 80% of fourth graders scored between 108 and 196, 80% of eighth graders scored between 109
and 195, and 80% of twelfth graders scored between 103 and 196. The average NAEP science scores increased 4 points
between 2009 and 2015 in grades 4 and 8 but did not change for grade 12.

Socioeconomic status. Students who were not eligible for free or reduced-price lunch (high SES) performed better than
eligible (low SES) students at all grade levels (Appendix Table 1-3). For example, the gap between non-eligible and eligible
fourth graders in 2015 was 29 points. Among eighth graders, the gap was 27 points, and twelfth graders had a gap of 26
points. The gap between non-eligible and eligible students did not decrease significantly between 2009 and 2015 for any
grade level.



 National Science Board | Science & Engineering Indicators 2018 1118

| cHAPTER 1 | Elementary and Secondary Mathematics and Science Education

Race or ethnicity. As with mathematics, average science scores varied by race or ethnicity at all grade levels, with Asian or
Pacific Islander and white students scoring 10-16 points above the average score, and black, Hispanic, and American Indian or
Alaska Native students scoring 14-25 points below (Appendix Table 1-3). The gaps between the scores of white and black
students and between those of white and Hispanic students have narrowed slightly since 2009 in grades 4 and 8 but not in
grade 12.

Sex. There were no sex differences in average science scores for students in grade 4 in 2015 (Appendix Table 1-3). However,
average scores for male students were higher than scores for female students by 3 points in grade 8 and by 5 points in grade
12. The gap between male and female students in grade 8 narrowed slightly from 5 points in 2011 to 3 points in 2015. The gap
in science scores in grade 12 has not narrowed significantly since 2009.

Socioeconomic status and sex by race or ethnicity. There were substantial differences by SES within all racial or ethnic
groups and at all grade levels (B Table 1-3). For example, gaps between twelfth graders who were eligible for free or reduced-
price lunch and those who were not eligible ranged from 13 points for Hispanic students to 27 points for Asian or Pacific
Islander students. Average science scores showed some variation by sex within racial or ethnic groups, although, in many
cases, differences between male and female students were not significant. The largest difference was among Hispanics in
grades 8 and 12, with male students earning higher average scores than female students by 5 points in grade 8 and 7 points in
grade 12.

Proficiency level. In 2015, 38% of fourth graders, 34% of eighth graders, and 22% of twelfth graders achieved a level of
proficient or higher on the NAEP science assessment (Appendix Table 1-4). The percentage of fourth and eighth grade
students scoring at or above the proficient level increased by 4 points since 2009. The percentage of twelfth graders scoring at
or above the proficient level did not change significantly during that same period.
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TABLE 1-3 R

Average scores of students in grades 4, 8, and 12 on the main NAEP science assessment, by
socioeconomic status and sex within race or ethnicity: 2015

(Average score)

Socioeconomic status® Sex
Grade and race or ethnicity

Eligible for free or reduced-price lunch | Not eligible for free or reduced-price lunch | Male | Female

All students in grade 4

White 154 172 166 165
Black 129 148 132 134
HispanicP 134 157 | 139 139
Asian or Pacific Islander 150 178 168 166

American Indian or Alaska

134 158 | 139 140
Native
More than one race 147 171 157 159
All students in grade 8
White 153 171 167 164
Black 127 146 | 131 132
Hispanic? 135 154 | 142 137
Asian or Pacific Islander 148 174 | 165 164
American Indian or Alaska
134 155 | 142 136
Native
More than one race 146 170 | 161 158
All students in grade 12
White 146 164 162 159
Black 119 136 127 123
Hispanic? 132 145 | 140 133
Asian or Pacific Islander 150 177 | 167 165
American Indian or Alaska
s s s s

Native

More than one race 145 162 160 151
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s = suppressed for reasons of confidentiality and/or reliability.
NAEP = National Assessment of Educational Progress.

@ NAEP uses eligibility for the federal National School Lunch Program (NSLP) as a measure of socioeconomic status. NSLP is a federally
assisted meal program that provides low-cost or free lunches to eligible students. It is sometimes referred to as the free or reduced-
price lunch program.

b Hispanic may be any race. American Indian or Alaska Native, Asian or Pacific Islander, black, white, and more than one race refer to
individuals who are not of Hispanic origin.
Note(s)

Main NAEP science assessment scores range from 0 to 300 for grades 4, 8, and 12.

Source(s)
National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016) of main NAEP 2015
science assessment, National Center for Education Statistics.
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Technology and Engineering Performance of Students in Grade 8 in 2014

The NAEP TEL assessment is the newest addition to NAEP assessment tests. It was first administered in winter 2014 to a
nationally representative sample of eighth graders. Rather than testing students for their ability to “do” engineering or
produce technology, TEL was designed to gauge how well students can apply their understanding of technology principles to
real-life situations. TEL departs from the typical NAEP assessment design because it is completely computer based and
includes interactive scenario-based tasks—an innovative component of NAEP (see sidebar B8 About the NAEP Technology and

Engineering Literacy Assessment).
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SIDEBAR B

About the NAEP Technology and Engineering Literacy Assessment

The National Assessment Governing Board (NAGB) is an independent, bipartisan organization that oversees the National
Assessment of Educational Progress (NAEP). Because of the growing importance of technology and engineering in the
educational landscape, and to support America’s ability to contribute to and compete in a global economy, NAGB set out
in 2008 to develop a framework for a national assessment of students’ knowledge and skills in technology and
engineering (NAGB 2013). NAGB solicited input for the framework from technology and engineering experts, business
leaders, educational policymakers, teachers, parents, and the public via regional forums, webinars, and committee
meetings to draft and refine the NAEP technology and engineering literacy (TEL) framework. The framework describes
the specific knowledge and skills to be assessed and how the assessment questions should be designed and scored. In
the framework, technology is defined as “any modification of the natural world done to fulfill human needs or desires”
and engineering is “a systematic and often iterative approach to designing objects, processes, and systems to meet
human needs and wants” (NAGB 2013:xi). The framework defines technological and engineering literacy as “the capacity
to use, understand, and evaluate technology as well as to understand technological principles and strategies needed to
develop solutions and achieve goals” (NAGB 2013:xi).

The first completely computer-based NAEP assessment, TEL includes interactive scenario-based tasks in addition to
more traditional short-answer and multiple-choice questions.” Using videos and interactive graphics, scenario-based
tasks ask students to demonstrate their knowledge and skills to solve problems within realistic situations. For example,
one task requires students to develop an online exhibit on water pollution, whereas other tasks require students to
design a safe bike lane or create an ideal iguana habitat. Each scenario includes several questions and takes between 10
and 30 minutes to complete. These scenario-based tasks are designed to measure three major interconnected content
areas—Technology and Society, Design and Systems, and Information and Communication Technology—and three
practices that cut across the content areas—Understanding Technological Principles, Developing Solutions and Achieving
Goals, and Communicating and Collaborating. Some tasks measure students’ abilities in one content area and practice,
and other tasks measure more than one content area or practice.

TEL was piloted in 2013 and administered to 21,500 students in approximately 840 public and private schools around the
country in 2014. The National Center for Education Statistics, which administers NAEP, brought its own Internet service
and laptop computers into schools to avoid any technical difficulties associated with administering computer-based
assessments in classrooms. Before the assessment began, students viewed a tutorial that helped them become familiar
with the computer interface and how to use the assessment program.

* All NAEP exams were digitally administered as of 2017.

The average TEL score was set to 150 out of 300 as a baseline for future comparisons, and 43% of test takers scored at or
above the proficient level (Appendix Table 1-5).

Socioeconomic status. Scores on the TEL varied considerably by school lunch eligibility, with the average score for eligible
students nearly 30 points below that of non-eligible students. The percentage of non-eligible students scoring at or above the
proficient level (59%) was more than double the percentage of eligible students scoring at that level (25%).

Race or ethnicity. The average scores for Asian or Pacific Islander (159) and white (160) students were higher than the
average scores for Hispanic (138) and black (128) students. More than half of Asian or Pacific Islander and white students
scored at or above the proficient level, compared with 28% of Hispanic students and 18% of black students.
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Sex. Female students had an average score of 151, which was slightly higher than male students’ average score of 149. A
slightly higher percentage of female than male students scored at or above the proficient level (45% versus 42%).

Socioeconomic status and sex by race or ethnicity. Some sex and school-lunch eligibility differences in TEL achievement
were observed within racial or ethnic groups (B8 Table 1-4). Within each racial or ethnic group, students who were eligible for
free or reduced-price lunch had average scores at least 19 points lower than non-eligible students. The average score for
white female students was slightly higher than the average for white male students, and the same held true for black female
and male students.

TABLE 1-4 EH

Average scores of students in grade 8 on the main NAEP technology and engineering literacy
assessment, by socioeconomic status and sex within race or ethnicity: 2014

(Average score)

Socioeconomic status® Sex
Race or ethnicity
Eligible for free or reduced-price lunch | Not eligible for free or reduced-price lunch | Male | Female

White 145 166 | 158 162
Black 122 144 126 131
Hispanic? 133 152 | 137 139
Asian or Pacific Islander 144 171 159 159

American Indian or Alaska
) 137 s s s
Native

More than one race 143 163 149 160

s = suppressed for reasons of confidentiality and/or reliability.
NAEP = National Assessment of Educational Progress.

@ NAEP uses eligibility for the federal National School Lunch Program (NSLP) as a measure of socioeconomic status. NSLP is a federally
assisted meal program that provides low-cost or free lunches to eligible students. It is often referred to as the free or reduced-price

lunch program.

b Hispanic may be any race. American Indian or Alaska Native, Asian or Pacific Islander, black, white, and more than one race refer to
individuals who are not of Hispanic origin.

Note(s)

Main NAEP technology and engineering literacy assessment scores range from 0 to 300.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016) of main NAEP 2014

technology and engineering literacy assessment, National Center for Education Statistics.
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State-Level Performance in Mathematics and Science in 2015

In addition to reporting NAEP achievement at the national level, NAEP also reports achievement at the state level. The
NAEP sample in each state is designed to be representative of the students in that state, and results can be compared across
states. At the state level, results are reported for public school students only and are broken down by several demographic
groupings. In this chapter, we present 2015 NAEP state-level data (average scores and percentages reaching proficient or
above) broken out by sex and race or ethnicity for fourth and eighth graders in mathematics and science (Appendix Table 1-6
through Appendix Table 1-13). The Science and Engineering Indicators State Indicators data tool provides NAEP performance
and proficiency data for all students in each state—not broken out by sex, race, or ethnicity.

Mathematics and Science Knowledge in Early Childhood

ECLS-K:2011 is a nationally representative, longitudinal study of children’s development, early learning, and school progress
(Mulligan, Hastedt, and McCarroll 2012). Data for the ECLS-K:2011 study were first collected in fall 2010 from approximately
18,200 kindergarten students. ECLS-K:2011 has followed and tested the same student sample each year through spring 2016,
when most students were in fifth grade. This section provides information about mathematics and science achievement for
children in the ECLS-K:2011 cohort who were in kindergarten for the first time in the 2010-11 school year and in the third
grade by the spring of 2014. It compares students’ mathematics scores from the beginning of kindergarten to the end of third
grade and students’ science scores from the beginning of first grade to the end of third grade. Science was not assessed in
kindergarten. Results are reported as scale scores and are used here for comparative purposes rather than as indicators of
student progress in meeting grade-level objectives. Students’ mathematics and science assessment results cannot be
compared with each other because scales are developed independently for each subject. The possible range of scores for the
third grade mathematics assessment in spring 2014 was 0-135, with an actual range of scores of 39-133 and an overall
average score of 99 (E Table 1-5; Appendix Table 1-14). The possible range of scores for the third grade science assessment in

spring 2014 was 0-87, with an actual range of scores of 21-78 and an overall average score of 56 (Appendix Table 1-15).
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TABLE 1-5 BH

Average mathematics and science assessment test scores of children who were in kindergarten
for the first time during the 2010-11 school year and in third grade during the 2013-14 school
year, by child and family characteristics

(Average score)

Mathematics Science
Child and family characteristic
Fall 2010 Spring 2014 Fall 20112 Spring 2014

All children 29.3 99.2 23.9 55.6
Sex
Male 294 100.9 23.9 56.3
Female 29.2 97.4 239 55.0
Race or ethnicityb
White 31.7 102.9 26.0 58.5
Black 25.8 90.2 21.0 50.0
Hispanic® 24.7 94.3 20.5 51.5
Asian 34.5 104.3 234 57.5
American Indian or Alaska Native 26.3 99.2 24.7 54.3

Family poverty status in fall 201 od
Income below the federal poverty level 241 93.3 20.7 51.0

Income at or above 200% of the federal poverty level 333 103.2 25.9 58.9

4 There was no science assessment in academic year 2010-11. Science assessment began in grade 1.

b Other racial and ethnic groups are included in all children but are not shown separately in the table.

¢ Hispanic may be any race. American Indian or Alaska Native, Asian, black, and white refer to individuals who are not of Hispanic origin.
d Poverty status is based on 2010 U.S. Census poverty thresholds, which identify incomes determined to meet household needs, given
family size. For example, in 2010, a family of two was below the poverty threshold if its income was lower than $14,220.

Note(s)

Mathematics was first assessed in kindergarten in fall 2010. Science was first assessed in first grade in fall 2011. The mathematics
assessment scale was 0 to 75 in kindergarten and 0 to 135 in third grade. The actual score range in third grade was 39 to 133. The

science assessment scale was 0 to 47 in first grade and 0 to 87 in third grade. The actual score range in third grade was 21 to 78.

Source(s)
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Mulligan GM, Hastedt S, McCarroll JC, First-Time Kindergartners in 2010-11: First Findings From the Kindergarten Rounds of the Early
Childhood Longitudinal Studly, Kindergarten Class of 2010-11 (ECLS-K:2011), NCES 2012-049 (2012); Mulligan GM, McCarroll JC, Flanagan
KD, Potter D, Findings From the First-Grade Rounds of the Early Childhood Longitudinal Study, Kindergarten Class of 2010-11 (ECLS-K:
20117), NCES 2015-109 (2014); Mulligan GM, McCarroll JC, Flanagan KD, Potter D, Findings From the Third-Grade Round of the Early
Childhood Longitudinal Studly, Kindergarten Class of 2010-11 (ECLS-K:20171), NCES 2016-094 (2016). See Appendix Table 1-14 and
Appendix Table 1-15.
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Socioeconomic status. In spring of third grade, the average score for students in families with income at or above 200% of
the federal poverty level was 10 points higher on the mathematics assessment and 8 points higher on the science assessment
than for students in families with income below the federal poverty level.

Race or ethnicity. Asian students achieved an average score of 104 on the mathematics assessment at the end of third
grade, followed by white (103), Hispanic (94), and black (90) students (B8 Table 1-5). Science assessment scores followed a
similar pattern, except that white students (59) earned a slightly higher average score than Asian students (58). In
mathematics, black students (26) and Hispanic students (25) earned similar average scores when entering kindergarten, but
this pattern reversed by third grade, with Hispanic students earning higher average scores than black students (94 versus 90,

respectively). A similar pattern was seen in science.

Sex. ECLS-K:2011 data revealed achievement gaps between male and female students (see sidebar B Early Gender Gaps in
Mathematics and Teachers’ Perceptions). Although they began kindergarten with the same average scale score in mathematics
(29), the average score for male students was higher than for female students by the end of third grade (101 versus 97)

(EE Table 1-5). Science scores showed a similar pattern, with male and female students posting the same average score in first

grade (24) and male students slightly outscoring female students by the end of third grade (56 versus 55).
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SIDEBAR B

Early Gender Gaps in Mathematics and Teachers’ Perceptions

Women are appreciably underrepresented in many high-paying science, technology, engineering, and mathematics
(STEM) fields (National Science Foundation [NSF] 2017). Early achievement and self-concepts may matter for STEM career
paths. For example, grade 12 mathematics achievement and mathematics self-concepts influence eventual STEM career
choices (Eccles and Wang 2016; Mann and DiPrete 2013).

In their examination of Early Childhood Longitudinal Study, Kindergarten (ECLS-K) data from two longitudinal series
beginning in 1999 and 2011, Cimpian and colleagues (2016) found that gender gaps in mathematics worsen in early
education and that teachers misperceive girls’ mathematics ability. ECLS-K data have advantages over other data sources
because they use computerized adaptive testing—in which the test questions become progressively easier or harder
based on how students are performing on the test. Such testing more accurately discerns student ability at various
points on the ability spectrum, particularly the extremes.

Cimpian and colleagues found that, for the 2011 cohort, about equal numbers of boys and girls scored below the 85th
percentile in mathematics achievement upon entry into kindergarten. Above the 85th percentile, however, there were
fewer girls than boys: girls made up 45% of all those above the 85th percentile and only 33% of those above the 99th
percentile. The gender gap worsened and spread further down the distribution with more schooling. By the spring of
second grade, the most recent data available to the researchers, male students were favored at all points above the 15th
percentile, and female students constituted only 20% of those above the 99th percentile. Examining students with
comparable demographic characteristics, learning behaviors, and past mathematics achievement does not remove
gender gaps throughout the distribution.

The authors found virtually no significant differences between the 1999 and 2011 cohorts. There were a few percentile
points in the upper range of the distribution in which boys were doing better than girls in 2011, but otherwise, there
were no differences. This suggests that efforts to improve mathematics education during this time did not lift the relative
performance of female students.

This study also asked teachers to give their subjective estimation of every student's proficiencies in various mathematical
skills, which were then converted to single scores that were ranked among all students to yield each student’s percentile
(e.g., student x is at the 90th percentile in mathematical ability). For each student, this subjective percentile was then
directly compared with the student’s actual percentile. For the 2011 cohort, the study found that teachers’ subjective
ratings of mathematical proficiency underestimate the proficiency of girls at the higher end of the ability spectrum,
above the 75th percentile, by the spring of first grade. Robinson-Cimpian and colleagues (2014) present evidence that
teachers’ more negative perceptions of girls’ proficiency are substantially related to their future performance.

Achievement gap over time. The ECLS-K:2011 mathematics and science results show that students from different racial,
ethnic, and socioeconomic groups enter school with different levels of preparation and that those differences persist as they
move to higher grades, a finding that is supported in the research literature (Loeb and Bassok 2007; Magnuson and Duncan
2006). For example, the gap in mathematics assessment scores between white and black students was 6 points at the
beginning of kindergarten and 13 points in the spring of third grade (B Table 1-5). Similarly, the gap in science assessment
scores between white and black students was 5 points at the beginning of first grade and 9 points in the spring of third grade.
The mathematics score gap between students in families with income below the federal poverty level and those in families
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with income at or above 200% of the federal poverty level was 9 points at the beginning of kindergarten and 10 points by the
spring of third grade (liFigure 1-2); the science score gap was 5 points at the beginning of first grade and 8 points by the
spring of third grade.
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FIGURE 1-2 ol

Average mathematics assessment test scores of children who were in kindergarten for the
first time during the 2010-11 school year and in the third grade during the 2013-14 school
year, by family income level
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Semester

-o- Income below the federal poverty level Income at or above 200% of the federal poverty level

Note(s)

The mathematics assessment scale was 0 to 75 in kindergarten, 0 to 96 in first grade, 0 to 113 in second grade, and 0 to 135 in third
grade. Mathematics was assessed in the fall and spring of each school year with the exception of third grade when students were
assessed only in the spring. Poverty status is based on 2010 U.S. Census poverty thresholds, which identify incomes determined to
meet household needs, given family size. For example, in 2010, a family of two was below the poverty threshold if its income was
lower than $14,220.

Source(s)

Mulligan GM, Hastedt S, McCarroll JC, First-Time Kindergartners in 2010-11: First Findings From the Kindergarten Rounds of the Early
Childhood Longitudinal Studly, Kindergarten Class of 2010-11 (ECLS-K:2011), NCES 2012-049 (2012); Mulligan GM, McCarroll JC,
Flanagan KD, Potter D, Findings From the First-Grade Rounds of the Early Childhood Longitudinal Study, Kindergarten Class of 2070~
11 (ECLS-K:20117), NCES 2015-109 (2014); Mulligan GM, McCarroll JC, Flanagan KD, Potter D, Findings From the Second-Grade Rounds
of the Early Childhood Longitudinal Study, Kindergarten Class of 2010-11 (ECLS-K:20117), NCES 2015-077 (2015); and Mulligan GM,
McCarroll JC, Flanagan KD, Potter D, Findings From the Third-Grade Round of the Early Childhood Longitudinal Study, Kindergarten
Class of 2010-11 (ECLS-K:2071), NCES 2016-094 (2016).

Science and Engineering Indicators 2018



 National Science Board | Science & Engineering Indicators 2018 1129

| cHAPTER 1 | Elementary and Secondary Mathematics and Science Education

International Comparisons of Mathematics and Science Performance

Two international assessments—the Trends in International Mathematics and Science Study (TIMSS) and the Program for
International Student Assessment (PISA)—compare U.S. students’ achievement in mathematics and science with that of
students in other countries. TIMSS and PISA give different impressions of the United States’ standing relative to other
countries, with TIMSS results placing the United States in a higher relative position compared with PISA. This disparity can be
traced, in part, to differences in the design and purpose of the assessments. TIMSS focuses on academic content, whereas
PISA is designed to measure students’ ability to apply their mathematics and science knowledge to real-world situations. The
two tests also vary in other fundamental ways, including age of the students tested and number of participating nations,
making direct comparisons difficult. TIMSS and PISA have sampling requirements to ensure that student populations are
similar across countries and report when countries do not meet these guidelines. TIMSS and PISA samples include students
from public and private schools in the United States. This section presents an overview of each assessment, examines long-
term trends in performance on both assessments, and provides a detailed look at the latest data from 2015.

The Trends in International Mathematics and Science Study

TIMSS includes two assessments: TIMSS for students in grades 4 and 8 and TIMSS Advanced for students in their final year
of high school. First conducted in 1995, TIMSS assesses the mathematics and science performance of fourth and eighth
graders every 4 years. Since its inception, TIMSS has been administered six times, most recently in 2015, when 20,000 fourth
and eighth grade students in approximately 500 schools across the United States participated (Provasnik et al. 2016).[4] TIMSS
Advanced was administered in 1995, 2008, and 2015. It is designed to assess the advanced mathematics and physics
achievement of students in their final year of high school who are taking or have taken advanced courses.[>] The United
States participated in the 1995 and 2015 administrations.

TIMSS and TIMSS Advanced measure students’ knowledge and skills in mathematics and science and their ability to apply
their knowledge in problem-solving situations. Both are designed to align broadly with mathematics and science curricula in
the participating education systems and, therefore, to reflect students' school-based learning. At each grade, students
respond to multiple-choice and constructed-response items (or questions) designed to measure what they know and can do
across specific content domains in mathematics and science (see sidebar ®Sample Items from the Trends in International
Mathematics and Science Study 2015).
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SIDEBAR B

Sample Items from the Trends in International Mathematics and Science Study 2015

The examples shown below and other mathematics and science sample questions are available at https://

1130

timssandpirls.bc.edu/timss2015/downloads/T15_FW_AppB.pdf and https://timssandpirls.bc.edu/timss2015/downloads/

T15_FW_AppC.pdf, respectively.

Ann stacks these boxes in the corner of the room. All the boxes are the same size.

Sample for Grade 4 Mathematics

How many boxes does she use?

®

o
0,

25
19
18
13


https://www.nsf.gov/cgi-bin/goodbye?https://timssandpirls.bc.edu/timss2015/downloads/T15_FW_AppB.pdf
https://www.nsf.gov/cgi-bin/goodbye?https://timssandpirls.bc.edu/timss2015/downloads/T15_FW_AppB.pdf
https://www.nsf.gov/cgi-bin/goodbye?https://timssandpirls.bc.edu/timss2015/downloads/T15_FW_AppC.pdf
https://www.nsf.gov/cgi-bin/goodbye?https://timssandpirls.bc.edu/timss2015/downloads/T15_FW_AppC.pdf
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Sample for Grade 4 Science

Water that has its salt removed before it can be used as drinking water is most
likely to have come from

(A) underground

a river
© alake

a sea
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Sample for Grade 8 Mathematics

0 P Q 1 2

P and Q represent two fractions on the number line above.
PxQ=N.
Which of these shows the location of N on the number line?

A | il |

0 Q 1 2

YT e

t=z

®

0 P

/O.
N

©
Z
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Sample for Grade 8 Science
During which chemical process is energy absorbed?

(A) iron nails rusting
candles burning
(© vegetables rotting

plants photosynthesizing

TIMSS and TIMSS Advanced are both sponsored by the International Association for the Evaluation of Educational
Achievement (IEA), an international, nonprofit organization consisting of research institutions and government research
agencies from member countries and economies. In 2015, 48 IEA member countries or economies and 6 benchmarking
participants(®] took part in the grade 4 assessment, and 37 IEA member countries and 6 benchmarking participants took part
in the grade 8 assessment.[7] Nine education systems—all IEA member countries—participated in TIMSS Advanced 2015. IEA
member countries include “countries,” which are complete, independent political entities, and non-national entities (e.g.,
England, Hong Kong, or the Flemish community of Belgium). The term education systems is used in the analysis here in
recognition of the fact that not all TIMSS participants are countries, and this fact should be kept in mind when comparing the
performance of the United States and that of other education systems.

Mathematics Performance of U.S. Students in Grades 4 and 8 on TIMSS

Performance on the 2015 TIMSS mathematics tests. The U.S. average score on the 2015 TIMSS mathematics assessment
was 539 for grade 4 and 518 for grade 8 (B Table 1-6).[8] Although the scale is 0-1,000 for both grades, the effective score
range of these tests for the preponderance of American students is about 200 points. Eighty percent of fourth graders scored
between 432 and 640; for grade 8, it was between 408 and 624. Among the 48 education systems that participated in the 2015
TIMSS mathematics assessment at grade 4, the U.S. average mathematics score was among the top 18 (10 scored higher; 7 did
not differ), outperforming 30 education systems (Appendix Table 1-16).9] At grade 8, the U.S. average mathematics score was
among the top 16 (7 scored higher; 8 did not differ), outperforming 21 education systems. (Appendix Table 1-17). The same 5
Asian education systems—Singapore, Hong Kong, South Korea, Taiwan, and Japan—were the top scorers on the fourth and
eighth grade assessments. All 5 outscored the United States by at least 50 points (B8 Table 1-7).
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TABLE 1-6 EH

Average TIMSS mathematics scores of U.S. students in grades 4 and 8, by selected student and
school characteristics: 2015

(Average score)

Characteristic Grade 4 Grade 8
U.S. total 539 518
Sex
Male 543 519
Female 536 517

Race or ethnicity

White 559 541
Black 495 462
Hispanic 515 492
Asian 605 585
Native Hawaiian or Pacific Islander 502 495
American Indian or Alaska Native 527 477
Multiracial 565 521

Percentage of public school students eligible for free or reduced-price lunch

Less than 10% 600 573
10% to 24.9% 575 553
25% to 49.9% 559 531
50% to 74.9% 531 505
75% or more 499 477
Percentiles
10th percentile 432 408
25th percentile 485 461
75th percentile 596 577

90th percentile 640 624
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TIMSS = Trends in International Mathematics and Science Study.

Note(s)

Black includes African American, and Hispanic includes Latino. Racial categories exclude Hispanic origin. Data on free or reduced-price

lunch are for public schools only.

Source(s)

Provasnik S, Malley L, Stephens M, Landeros K, Perkins R, Tang JH, Highlights from TIMSS and TIMSS Advanced 2015: Mathematics and
Science Achievement of U.S. Students in Grades 4 and 8 and in Advanced Courses at the End of High School in an International Context,
NCES 2017-002 (2016); U.S. Department of Education, National Center for Education Statistics, TIMSS data tables, Table 19. Average
mathematics scores of U.S. 4th-grade students, by selected characteristics: 2015, https://nces.ed.gov/timss/timss2015/
timss2015_table19.asp, accessed 15 September 2017, and Table 20. Average mathematics scores of U.S. 8th-grade students, by selected
characteristics: 2015, https://nces.ed.gov/timss/timss2015/timss2015_table20.asp, accessed 15 September 2017.

Science and Engineering Indicators 2018
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TABLE 1-7 EH

Average TIMSS mathematics scores of students in grades 4 and 8, by education system: 2015

(Average score)

. . Education Grade | Education Grade
Comparison with U.S. score
system 4 | system 8
Singapore? 618 | Singapore? 621
Hong Kong
615 | South Korea 606
(China)?
South Korea 608 | Taiwan (China) 599
Hong Kong
Taiwan (China) 597 594
(China)
Japan 593 | Japan 586
Score higher than that of the
United States Northern Ireland
570 | Russia 538
(UK)?
Russia 564 | Canada® 527
Norway (grade
Vi 549
5)2
Ireland 547
Belgium
8 546
(Flemish)?@
England (UK) 546 | Kazakhstan 528
Kazakhstan 544 | Ireland 523
Portugal® 541 | United States?® 518
United States? 539 | England (UK) 518
Score not statistically A s39 | 5 . 16
Denmark ovenia
different from that of the
United States Lithuania® 535 | Hungary 514
Norway (grade
Finland 535 vie 512
9)2
Poland 535 | Lithuania? 51

Israel® 511
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. . Education Grade | Education Grade
Comparison with U.S. score
system 4 | system 8
Netherlands? 530 | Australia 505
Hungary 529 | Sweden 501
Czech Republic 528 |t.a|ya 494
Bulgaria 524 | Malta 494
a
Score lower than that of the Cyprus 523 | New Zealand 493
United States Germany 522 | Malaysia 465
(selected countries)
United Arab
Slovenia 520 465
Emirates
Sweden? 519 | Turkey 458
Serbia? 518 | Bahrain 454
Australia 517 Georgiaa 453

TIMSS = Trends in International Mathematics and Science Study; UK = United Kingdom.

@ See Appendix Table 1-16 and Appendix Table 1-17 for details about TIMSS administration in these education systems.

Note(s)

Education systems are ordered by the 2015 average score. The countries shown in the Score lower than that of the United States

section are the 10 with the highest average scores below the United States.

Source(s)

Provasnik S, Malley L, Stephens M, Landeros K, Perkins R, Tang JH, Highlights from TIMSS and TIMSS Advanced 2015: Mathematics and
Science Achievement of U.S. Students in Grades 4 and 8 and in Advanced Courses at the End of High School in an International Context,
NCES 2017-002 (2016).

Science and Engineering Indicators 2018

Performance trends. U.S. fourth and eighth graders have raised their scores and international ranking over the 20 years
since the first TIMSS mathematics administration in 1995. At grade 4, the average mathematics score of 539 in 2015 was 21
points higher than the score of 518 in 1995 (liFigure 1-3), although the 2015 average score was not significantly different from
the most recent assessment in 2011 (541). The position of U.S. fourth graders relative to other nations climbed as well over
this period: among the 16 education systems that participated in the 1995 and 2015 TIMSS mathematics assessment of fourth
graders, 7 outscored the United States in 1995 compared with 5in 2015 (Provasnik et al. 2016). At grade 8, the U.S. average
score of 518 in 2015 reflected a 26-point increase over the 1995 score of 492 and an increase of 9 points since the most recent
assessment in 2011 (509) GliFigure 1-3). The relative standing of U.S. eighth graders’ mathematics performance also improved
over this period: among the 15 countries that participated in the 1995 and 2015 TIMSS mathematics assessment of eighth
graders, 5 outperformed the United States in 2015, down from 8 in 1995 (Provasnik et al. 2016).
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FIGURE 1-3 ol

Average TIMSS mathematics scores of U.S. students in grades 4 and 8: 1995-2015
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TIMSS = Trends in International Mathematics and Science Study.

Note(s)

TIMSS mathematics assessment scores range from 0 to 1,000 for grades 4 and 8. U.S. fourth graders did not participate in TIMSS in
1999; score is interpolated. Average mathematics scores of students in grade 4 and grade 8 cannot be compared directly because
the test items differ across grade levels to reflect the nature, difficulty, and emphasis of the subject matter taught in school at each
grade.

Source(s)

Provasnik S, Malley L, Stephens M, Landeros K, Perkins R, Tang JH, Highlights From TIMSS and TIMSS Advanced 2015: Mathematics
and Science Achievemnent of U.S. Students in Grades 4 and 8 and in Advanced Courses at the End of High School in an International
Context, NCES 2017-002 (2016).

Science and Engineering Indicators 2018

Demographic differences. U.S. scores in 2015 differed according to the percentage of students eligible for free or reduced-
price lunch at participants’ schools (B Table 1-6). Students at schools with less than 10% of eligible students scored
approximately 100 points higher than students at schools with 75% or more eligible students in fourth (600 versus 499) and
eighth (573 versus 477) grade. In 2015, the average mathematics assessment score for male fourth graders (543) was higher
than the average score for female fourth graders (536), but there was no statistically significant difference in average scores
for male and female eighth graders. The average score for grade 4 Asian students (605) was significantly higher than that for
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white students (559), and both were significantly higher than the average scores for Hispanic (515) and black (495) students. A
similar pattern was seen among grade 8 students.

Science Performance of U.S. Students in Grades 4 and 8 on TIMSS

Performance on the 2015 TIMSS science tests. In 2015, the U.S. average science scores were 546 for fourth graders and 530
for eighth graders (B Table 1-8). As with mathematics, the effective score range for most students was about 200 points, with
80% of fourth graders scoring between 439 and 644 and 80% of eighth graders scoring between 421 and 631. At grade 4, the
United States was among the top 14 education systems (7 scored higher; 6 did not differ), outperforming 33 among a total of
47 participants (Appendix Table 1-18). At grade 8, the U.S. average science score was also among the top 14 education systems
(7 scored higher; 6 did not differ), outperforming 23 among a total of 37 participants (Appendix Table 1-19). As with
mathematics, the 5 Asian education systems of Singapore, South Korea, Hong Kong, Taiwan, and Japan were among the top

scorers on the science assessment at both grade levels (ETable 1-9).
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TABLE 1-8 EH

Average TIMSS science scores of U.S. students in grades 4 and 8, by selected student and school
characteristics: 2015

(Average score)

Characteristic Grade 4 Grade 8
U.S. total 546 530
Sex
Male 548 533
Female 544 527

Race or ethnicity

White 570 557
Black 501 469
Hispanic 518 502
Asian 598 573
Native Hawaiian or Pacific Islander 503 498
American Indian or Alaska Native 530 497
Multiracial 571 536

Percentage of public school students eligible for free or reduced-price lunch

Less than 10% 603 579
10% to 24.9% 584 563
25% to 49.9% 565 544
50% to 74.9% 541 519
75% or more 502 489
Percentiles
10th percentile 439 421
25th percentile 495 475
75th percentile 602 588

90th percentile 644 631
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TIMSS = Trends in International Mathematics and Science Study.

Note(s)

Black includes African American, and Hispanic includes Latino. Racial categories exclude Hispanic origin. Data on free or reduced-price

lunch are for public schools only.

Source(s)

Provasnik S, Malley L, Stephens M, Landeros K, Perkins R, Tang JH, Highlights From TIMSS and TIMSS Advanced 2015: Mathematics and
Science Achievement of U.S. Students in Grades 4 and 8 and in Advanced Courses at the End of High School in an International Context,
NCES 2017-002 (2016); U.S. Department of Education, National Center for Education Statistics, TIMSS data tables, Table 41. Average
science scores of U.S. 4th-grade students, by selected characteristics: 2015, https://nces.ed.gov/timss/timss2015/
timss2015_table41.asp, accessed 15 September 2017, and Table 42. Average science scores of U.S. 8th-grade students, by selected
characteristics: 2015, https://nces.ed.gov/timss/timss2015/timss2015_table42.asp, accessed 15 September 2017.

Science and Engineering Indicators 2018



National Science Board | Science & Engineering Indicators 2018 1142

| cHAPTER 1 | Elementary and Secondary Mathematics and Science Education

TABLE 1-9 EH

Average TIMSS science scores of students in grades 4 and 8, by education system: 2015

(Average score)

. . Education Grade | Education Grade
Comparison with U.S. score
system 4 | system 8
Singapore? 590 | Singapore? 597
South Korea 589 | Japan 571
Japan 569 | Taiwan (China) 569
Russia 567 | South Korea 556
Score higher than that of the
United States Hong Kong
557 | Slovenia 551
(China)?
Hong Kong
Taiwan (China) 555 546
(China)
Finland 554 | Russia 544
Kazakhstan 550 | England (UK) 537
Poland 547 | Kazakhstan 533
United States?@ 546 | Ireland 530
Score not statistically
different from that of the Slovenia 543 | United States? 530
United States
Hungary 542 | Hungary 527
Sweden? 540 | canada? 526
Bulgaria 536 | Sweden 522
Norway (grade
538 | Lithuania® 519
5)2
England (UK) 536 | New Zealand?® 513
Czech Republic 534 | Australia 512
Score lower than that of the
United States Norway (grade
Croatia 533 509
(selected countries) 9)2
Ireland 529 | Israel® 507
Germany 528 | Italy@ 499

Lithuaniad 528 | Turkey 493
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" - Education
Comparison with U.S. score
system
Denmark?
Canada®

Serbia?

TIMSS = Trends in International Mathematics and Science Study; UK = United Kingdom.

Grade

527

525

525

Education
system

Malta

United Arab

Emirates

Malaysia

@ See Appendix Table 1-18 and Appendix Table 1-19 for details about TIMSS administration in these education systems.

Note(s)

Education systems are ordered by the 2015 average score. The countries shown in the Score lower than that of the United States

section are the 10 with the highest average scores below the United States.

Source(s)

1143

Grade

481

477

471

Provasnik S, Malley L, Stephens M, Landeros K, Perkins R, Tang JH, Highlights from TIMSS and TIMSS Advanced 2015: Mathematics and
Science Achievement of U.S. Students in Grades 4 and 8 and in Advanced Courses at the End of High School in an International Context,

NCES 2017-002 (2016).
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Performance trends. In contrast to the mathematics trends, which showed significant improvement in both grades, the

average scores of U.S. students on the TIMSS science assessment remained flat since 1995 for fourth graders but improved 17

points for eighth graders (liFigure 1-4). U.S. fourth and eighth graders have not improved their international position in

science achievement since 1995. Among the 17 education systems that participated in the 1995 and 2015 grade 4 TIMSS

science assessments, the United States slipped in rank, from 3rd in 1995 to 5th in 2015; at grade 8, the position of the United

States did not move between 1995 and 2015 (Provasnik et al. 2016).
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FIGURE 1-4 ol

Average TIMSS science scores of U.S. students in grades 4 and 8: 1995-2015
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TIMSS = Trends in International Mathematics and Science Study.

Note(s)

TIMSS science assessment scores range from 0 to 1,000 for grades 4 and 8. U.S. fourth graders did not participate in TIMSS in 1999;
score is interpolated. Average science scores of students in grade 4 and grade 8 cannot be compared directly because the test items
differ across grade levels to reflect the nature, difficulty, and emphasis of the subject matter taught in school at each grade.

Source(s)

Provasnik S, Malley L, Stephens M, Landeros K, Perkins R, Tang JH, Highlights From TIMSS and TIMSS Advanced 2015: Mathematics
and Science Achievermnent of U.S. Students in Grades 4 and 8 and in Advanced Courses at the End of High School in an International
Context, NCES 2017-002 (2016).
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Demographic differences. As with mathematics, U.S. students’ science scores differed according to the percentage of
students eligible for free or reduced-price lunch at participants’ schools, with students at schools with less than 10% of eligible
students scoring approximately 100 points higher than students at schools with 75% or more eligible students at fourth (603
versus 502) and eighth (579 versus 489) grade (B8 Table 1-8). At grade 4 and grade 8, there were no significant differences in
average scores between male and female students. The average scores for Asian (598) and white (570) students in grade 4
were significantly higher than the scores for Hispanic (518) and black (501) students. A similar pattern was seen for students in
grade 8.
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U.S. Performance in TIMSS Advanced Mathematics and Physics at the End of High School

Only U.S. performance on TIMSS Advanced is reported here because countries varied in their rates of participation in the
exam and in the characteristics of students taking the assessment, making it difficult to accurately rank education systems in
order of performance. IEA calculates a coverage index for the advanced mathematics and physics exams for education
systems participating in the exam. The coverage index is the percentage of all people in an age cohort who are students in
their final year of secondary school who have taken or are taking advanced mathematics or physics courses. The
corresponding age cohort is determined for education systems individually. In the United States, 18-year-olds are considered
to be the corresponding age cohort. The U.S. coverage index was 11.4 for advanced mathematics and 4.8 for physics. The
coverage index for advanced mathematics for other education systems ranged from 3.9 for Lebanon to 34.4 for Slovenia. The
coverage index for physics ranged from 3.9 for Lebanon to 21.5 for France.[10]

Performance trends. In 2015, the U.S. average scores were 485 in advanced mathematics and 437 in physics (B Table 1-10).
These scores are not significantly different from the scores reported for both exams in 1995 (Provasnik et al. 2016). The
effective score range for the mathematics exam was about 250 points, with 80% of scores (from the 10th to the 90th
percentiles) falling between 352 and 608. The score range for physics was larger, at more than 300 points, with 80% of scores
falling between 283 and 589.

Demographic differences. U.S. students’ average scores on the advanced mathematics and physics assessments differed
according to the percentage of students eligible for free or reduced-price lunch at participants’ schools (E Table 1-10). In
advanced mathematics, students at schools with less than 10% of students eligible scored more than 100 points higher than
students at schools with 75% or more eligible (534 versus 425). In physics, the difference in average scores was nearly 150
points (506 versus 363). The average scores for U.S. male students on both TIMSS Advanced assessments were considerably
higher than those for female students. Male students outperformed female students by 30 points on the TIMSS Advanced
mathematics assessment and by 46 points on the physics assessment. The proportion of male and female students taking the
advanced mathematics assessment was close to even, but the physics exam was skewed toward male students, with U.S. male
students comprising 61% of exam takers (Provasnik et al. 2016). As with the fourth and eighth grade students in mathematics
and science, the average scores on the advanced mathematics assessment were higher for white (495) and Asian (506)
students than for Hispanic (440) and black (400) students. A similar pattern in average scores was seen among white, black,
and Hispanic students on the TIMSS Advanced physics assessment.
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TABLE 1-10 FH

Average advanced mathematics and physics scores of U.S. TIMSS Advanced students, by selected
student and school characteristics: 2015

(Average score)

Characteristic Advanced mathematics Physics
U.S. total 485 437
Sex
Male 500 455
Female 470 409

Race or ethnicity

White 495 463
Black 400 334
Hispanic 440 390
Asian 506 433
Multiracial 525 470

Percentage of public school students eligible for free or reduced-price lunch

Less than 10% 534 506
10% to 24.9% 515 482
25% to 49.9% 485 414
50% to 74.9% 454 426
75% or more 425 363
Percentiles
10th percentile 352 283
25th percentile 419 357
75th percentile 554 522
90th percentile 608 589

TIMSS = Trends in International Mathematics and Science Study.

Note(s)
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Black includes African American, and Hispanic includes Latino. Racial categories exclude Hispanic origin. Data on free or reduced-price

lunch are for public schools only.

Source(s)

Provasnik S, Malley L, Stephens M, Landeros K, Perkins R, Tang JH, Highlights from TIMSS and TIMSS Advanced 2015: Mathematics and
Science Achievement of U.S. Students in Grades 4 and 8 and in Advanced Courses at the End of High School in an International Context,
NCES 2017-002 (2016); U.S. Department of Education, National Center for Education Statistics, TIMSS data tables, Table 52. Average
advanced mathematics scores of U.S. TIMSS Advanced students, by selected characteristics: 2015, https://nces.ed.gov/timss/timss2015/
timss2015_table52.asp, accessed 15 September 2017, and Table 61. Average physics scores of U.S. TIMSS Advanced students, by
selected characteristics: 2015, https://nces.ed.gov/timss/timss2015/timss2015_table61.asp, accessed 15 September 2017.
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The Program for International Student Assessment

PISA assessments measure the performance of 15-year-old students in science and mathematics literacy every 3 years.
Coordinated by the Organisation for Economic Co-operation and Development (OECD), PISA was first implemented in 2000 in
32 countries and has since grown to 73 education systems in 2015.[11] Participants in PISA include countries and cities, so
rankings should be assessed within that context. The United States has participated in every cycle of PISA since its inception in
2000. PISA's goal is to assess students’ preparation for the challenges of life as young adults. The study assesses the
application of knowledge in science, reading, and mathematics literacy to problems within a real-life context. Unlike TIMSS,
PISA does not focus explicitly on school-based curricula and uses the term /iteracy in each subject area to indicate its broad
focus on the application of knowledge and skills learned in and outside of school. For example, when assessing science, PISA
examines how well 15-year-old students can understand, use, and reflect on science for various real-life problems and settings
that they may encounter in and out of school (see sidebar B Sample Items from the Program for International Student

Assessment Mathematics and Science Assessments).
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SIDEBAR B

Sample Items from the Program for International Student Assessment Mathematics
and Science Assessments

Sample Items from the 2012 Mathematics Assessment
Sample 1

Peter’s bicycle has a wheel circumference of 96 cm (or 0.96 m). It is a three-speed bicycle with a low, a middle, and a high
gear. The gear ratios of Peter’s bicycle are:

Low 3:1 Middle 6:5 High 1:2
How many pedal turns would Peter take to travel 960 m in middle gear? Show your work.
NOTE: A gear ratio of 3:1 means 3 complete pedal turns yields 1 complete wheel turn.
(Correct answer: 1,200 pedal turns, with a fully correct method.)
Sample 2

One advantage of using a kite sail is that it flies at a height of 150 m. There, the wind speed is approximately 25% higher
than down on the deck of the ship.

At what approximate speed does the wind blow into a kite sail when a wind speed of 24 km/h is measured on the deck of
the ship?

a. 6 km/h

b. 18 km/h
¢ 25 km/h
d. 30 km/h
e. 49 km/h

(Correct answer: D)

Sample Items from the 2015 Science Assessment
Sample 1
Meteoroids and Craters

Rocks in space that enter Earth’s atmosphere are called meteoroids. Meteoroids heat up and glow as they fall through
Earth’s atmosphere. Most meteoroids burn up before they hit Earth’s surface. When a meteoroid hits Earth, it can make a
hole called a crater.

As a meteoroid approaches Earth and its atmosphere, it speeds up. Why does this happen?
a. The meteoroid is pulled in by the rotation of Earth.
b. The meteoroid is pushed by the light of the Sun.

¢. The meteoroid is attracted to the mass of Earth.
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d. The meteoroid is repelled by the vacuum of space.
(Correct answer: C)
Sample 2
What is the effect of a planet’s atmosphere on the number of craters on a planet’s surface?

The thicker a planet’s atmosphere is, the (1. More or Fewer) craters its surface will have because (2. More or Fewer)
meteoroids will burn up in the atmosphere.

(Correct answer: 1. Fewer; 2. More)

Additional sample questions are available at https://nces.ed.gov/surveys/pisa/pdf/items_math2012.pdf and https://
www.oecd.org/pisa/test/PISA2015-Released-FT-Cognitive-Items.pdf.

International Comparison of Mathematics Literacy among U.S. 15-Year-Olds

U.S. students’ average PISA mathematics score of 470 in 2015 was lower than the OECD average score of 490, on a scale of
0-1,000 (EETable 1-11). The effective score range for U.S. students was 230 points, with 80% of students scoring between 355
and 585. The U.S. average score was lower than that of 36 other education systems and was not significantly different from 5
(Appendix Table 1-20). The top 5 performers were all located in Asia (Singapore, Hong Kong, Macau, Taiwan, and Japan), with
average scores surpassing the U.S. score by at least 62 points (B Table 1-12). The U.S. students’ average mathematics score

was also lower than those of several developing countries, including Vietnam (495), Russia (494), and Lithuania (478).[12]


https://nces.ed.gov/surveys/pisa/pdf/items_math2012.pdf
https://www.nsf.gov/cgi-bin/goodbye?https://www.oecd.org/pisa/test/PISA2015-Released-FT-Cognitive-Items.pdf
https://www.nsf.gov/cgi-bin/goodbye?https://www.oecd.org/pisa/test/PISA2015-Released-FT-Cognitive-Items.pdf
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TABLE 1-11 FH

Average scores of U.S. 15-year-old students on the PISA mathematics and science literacy scales,
by selected student characteristics: 2015

(Average score)

Student characteristic Mathematics Science
OECD average 490 493
All U.S. students 470 496
Sex
Male 474 500
Female 465 493

Race or ethnicity

White 499 531
Black 419 433
Hispanic 446 470
Asian or Pacific Islander 498 525
More than one race 475 503

Socioeconomic status

Bottom quarter 431 457
Second quarter 453 478
Third quarter 480 508
Top quarter 517 546
Percentiles
10th percentile 355 368
25th percentile 408 425
75th percentile 532 567
90th percentile 585 626

OECD = Organisation for Economic Co-operation and Development; PISA = Program for International Student Assessment.

Note(s)
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Reporting standards were not met for American Indian or Alaska Native and Native Hawaiian or Other Pacific Islander. Black includes
African American, and Hispanic includes Latino. Students who identified themselves as being of Hispanic origin were classified as
Hispanic, regardless of their race. Although data for some races or ethnicities were not shown separately because the reporting
standards were not met, they are included in the U.S. totals. The PISA index of economic, social, and cultural status was created using
student reports on parental occupation, the highest level of parental education, and an index of home possessions related to family
wealth, home educational resources, and possessions related to “classical” culture in the family home. The home possessions relating
to classical culture in the family home included possessions such as works of classical literature, books of poetry, and works of art (e.g.,
paintings). The OECD average is the average of the national averages of the OECD member countries, with each country weighted

equally.

Source(s)

Kastberg D, Chan )Y, Murray G, Performance of U.S. 15-Year-Old Students in Science, Reading, and Mathematics Literacy in an
International Context: First Look at PISA 2015, NCES 2017-048 (2016).
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TABLE 1-12 FH

1152

Average mathematics literacy assessment scores for 15-year-olds participating in PISA, by

education system: 2015

(Average score)

Education system
Score higher than U.S. score of 470
Singapore

Hong Kong (China)
Macau (China)
Taiwan (China)
Japan

Beijing, Shanghai, Jiangsu, and Guangdong (China)
South Korea
Switzerland
Estonia

Canada
Netherlands
Denmark

Finland

Slovenia

Belgium

Germany

Poland

Ireland

Norway

Austria

New Zealand
Vietham

Russia

Score

564

548

544

542

532

531

524

521

520

516

512

511

511

510

507

506

504

504

502

497

495

495

494

OECD member



National Science Board | Science & Engineering Indicators 2018 1153

| cHAPTER 1 | Elementary and Secondary Mathematics and Science Education

Education system Score OECD member
Sweden 494 Y
Australia 494 Y
France 493 Y
United Kingdom 492 Y
Czech Republic 492 Y
Portugal 492 Y
OECD average 490 -
Italy 490 Y
Iceland 488 Y
Spain 486 Y
Luxembourg 486 Y
Latvia 482 Y
Malta 479 N
Lithuania 478 N

Score not statistically different from U.S. score of 470

Hungary 477 Y
Slovakia 475 Y
Israel 470 Y
United States 470 Y
Croatia 464 N
Buenos Aires (Argentina) 456 N

Score lower than U.S. score of 470 (selected education systems)

Greece 454 Y
Romania 444 N
Bulgaria 441 N
Cyprus 437 N

United Arab Emirates 427 N
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Education system Score OECD member
Chile 423 Y
Turkey 420 Y
Moldova 420 N
Uruguay 418 N
Montenegro 418 N
N =no; Y =yes.

OECD = Organisation for Economic Co-operation and Development; PISA = Program for International Student Assessment.

Note(s)

Education systems are ordered by 2015 average score. The OECD average is the average of the national averages of the OECD member
countries, with each country weighted equally. Scores are reported on a scale from 0 to 1,000. All average scores reported as higher or
lower than the U.S. average score are different at the .05 level of statistical significance. Although Argentina, Malaysia, and Kazakhstan
participated in PISA 2015, technical problems with their samples prevent results from being discussed in this report. The countries

shown in the Score lower than U.S. score section are the 10 with the highest average scores below the United States.

Source(s)
Kastberg D, Chan )Y, Murray G, Performance of U.S. 15-Year-Old Students in Science, Reading, and Mathematics Literacy in an
International Context: First Look at PISA 2015, NCES 2017-048 (2016). See Appendix Table 1-20.
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International Comparison of Science Literacy among U.S. 15-Year-Olds

The average PISA science literacy score for U.S. students in 2015 was 496, which was not significantly different from the
OECD average of 493, on a scale of 0 to 1,000 (B8 Table 1-11). The effective score range for U.S. students was 258 points, with
80% of students scoring between 368 and 626. The U.S. average score was lower than that of 18 other education systems and
not significantly different from 12. The top 5 performers on the science exam were Singapore, Japan, Estonia, Taiwan, and
Finland, and their average scores surpassed those of the United States by at least 35 points (B Table 1-13). Unlike mathematics
scores, the U.S. students’ average science score was higher than those of all developing countries participating in PISA in 2015
(Appendix Table 1-21).
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TABLE 1-13 B

Average science literacy assessment scores for 15-year-old students participating in PISA, by
education system: 2015

(Average score)

Education system Score OECD member

Score higher than U.S. score of 496

Singapore 556 N
Japan 538 Y
Estonia 534 Y
Taiwan (China) 532 N
Finland 531 Y
Macau (China) 529 N
Canada 528 Y
Vietnam 525 N
Hong Kong (China) 523 N
Beijing, Shanghai, Jiangsu, and Guangdong (China) 518 N
South Korea 516 Y
New Zealand 513 Y
Slovenia 513 Y
Australia 510 Y
United Kingdom 509 Y
Germany 509 Y
Netherlands 509 Y
Switzerland 506 Y

Score not statistically different from U.S. score of 496

Ireland 503 Y
Belgium 502 Y
Denmark 502 Y

Poland 501 Y
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Education system Score OECD member
Portugal 501 Y
Norway 498 Y
United States 496 Y
Austria 495 Y
France 495 Y
OECD average 493 -
Sweden 493 Y
Czech Republic 493 Y
Spain 493 Y
Latvia 490 Y

Score lower than U.S. score of 496 (selected education systems)

Russia 487 N
Luxembourg 483 Y
Italy 481 Y
Hungary 477 Y
Lithuania 475 N
Croatia 475 N
Buenos Aires (Argentina) 475 N
Iceland 473 Y
Israel 467 Y
Malta 465 N
N =no; Y =yes.

OECD = Organisation for Economic Co-operation and Development; PISA = Program for International Student Assessment.

Note(s)
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Education systems are ordered by 2015 average score. The OECD average is the average of the national averages of the OECD member
countries, with each country weighted equally. Scores are reported on a scale from 0 to 1,000. All average scores reported as higher or
lower than the U.S. average score are different at the .05 level of statistical significance. Although Argentina, Malaysia, and Kazakhstan
participated in PISA 2015, technical problems with their samples prevent results from being discussed in this report. The countries

shown in the Score lower than U.S. score section are the 10 with the highest average scores below that of the United States.

Source(s)
Kastberg D, Chan )Y, Murray G, Performance of U.S. 15-Year-Old Students in Science, Reading, and Mathematics Literacy in an
International Context: First Look at PISA 2015, NCES 2017-048 (2016). See Appendix Table 1-21.
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Trends in Mathematics and Science Knowledge among 15-Year-Old Students in the United States: Results
from PISA

liFigure 1-5 shows the average mathematics and science literacy scores for 15-year-old students in the United States
between 2003 and 2015.[13] Scores decreased for mathematics since 2009 but stayed even for science. The U.S. average score
in mathematics literacy in 2015 was 17 points lower than the average score in 2009 and 11 points lower than the average in
2012, but it was not significantly different from scores in 2003 and 2006. The U.S. average score in science in 2015 was not

significantly different from the average scores observed in 2006, 2009, and 2012.
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FIGURE 1-5 ol

Average mathematics and science literacy assessment scores of 15-year-old students in the
United States: 2003-15
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The mathematics and science literacy assessment scores range from 0 to 1,000. Science data for 2003 are not available; science

literacy assessment was not administered that year.

Source(s)
Kastberg D, Chan )Y, Murray G, Performance of U.S. 15-Year-Old Students in Science, Reading, and Mathematics Literacy in an
International Context: First Look at PISA 2015, NCES 2017-048 (2016).
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U.S. Performance on PISA, by Selected Student Characteristics

Average scores for students in the United States varied by SES, sex, and race or ethnicity on the mathematics and science
PISA assessments (B Table 1-11). The gap in the average scores between students in the highest and lowest socioeconomic
quartiles was nearly 90 points on the mathematics assessment (517 versus 431) and the science assessment (546 versus 457).
Average scores were also higher for male students than for female students on both assessments, with a gap of 9 points in
favor of male students on the mathematics assessment and 7 points on science. Average mathematics scores for white (499)
and Asian or Pacific Islander (498) students were higher than those of Hispanic (446) and black (419) students. Similar gaps by
race or ethnicity were seen in science performance.
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(1] Grade 12 mathematics data are presented from 2005 only because the grade 12 mathematics framework was substantially
revised in 2005, making prior assessment results not comparable with those in or after 2005.

[2] Science data are presented beginning in 2009 only because the science framework was substantially revised in 2009,
making prior assessment results not comparable with those in or after 2009.

[31 The NAGB, as directed by NAEP legislation, has been developing achievement levels for NAEP since 1990. A broadly
representative panel of teachers, education specialists, and the public help define and review achievement levels. As provided
by law, the achievement levels are to be used on a trial basis and should be interpreted and used with caution. More
information about NAEP achievement levels is available at https://nces.ed.gov/nationsreportcard/achievement.aspx.

[41 TIMSS required participating countries and other education systems to draw probability samples of students who were
nearing the end of their fourth or eighth year of formal schooling. In the United States, one sample was drawn to represent
the nation at grade 4 and another at grade 8. The U.S. national sample included public and private schools, randomly selected
and weighted to be representative of the nation at grade 4 and at grade 8.

[51 TIMSS Advanced required participating countries and other education systems to draw probability samples of students in
their final year of secondary school who were taking or had taken courses in advanced mathematics or physics. In the United
States, two samples of twelfth graders were drawn to represent the nation—one for advanced mathematics and one for
physics. The courses that defined the target populations had to cover most, if not all, of the advanced mathematics and
physics topics that were outlined in the assessment frameworks. In the United States, this was defined as a calculus course for
eligibility for the advanced mathematics population and an advanced physics course, such as AP physics, for the physics
population. The U.S. national samples included public and private schools, randomly selected and weighted to be
representative of the nation’s advanced mathematics and physics coursetakers at the end of high school.

(6] Non-national entities that are not IEA member countries (e.g., Abu Dhabi, Buenos Aires) may participate in TIMSS to assess
their comparative international standing. These entities are designated as “benchmarking participants.”

[71 Results presented here are for 48 education systems at grade 4 and 37 at grade 8 because Armenia is excluded. Although
Armenia did participate in TIMSS 2015 at grades 4 and 8, the country's results are not reported by TIMSS because the data are
not comparable for trend analysis.

[8] The scores are reported on a scale from 0 to 1,000, with the TIMSS scale average set at 500 and the standard deviation set
at 100.

91 The TIMSS results presented in this report exclude individual U.S. states, Canadian provinces, Abu Dhabi, Buenos Aires, and
Dubai. These states and provinces participated in 2015 TIMSS as “benchmarking participants” to assess the comparative
international standing of their students’ achievement and to view their curriculum and instruction in an international context.

[10] For additional details, see the Technical Notes available at https://nces.ed.gov/timss/timss15technotes.asp.

(111 Of the 73 education systems that participated in PISA 2015, results for three of these—Argentina, Kazakhstan, and
Malaysia—are not included due to technical issues with their samples that prevent results from being discussed in this report.

[12] Developing countries in this report are any countries that do not appear on the International Monetary Fund list of
“advanced economies.”


https://nces.ed.gov/nationsreportcard/achievement.aspx
https://nces.ed.gov/timss/timss15technotes.asp
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[13]1 The PISA mathematics assessment was also conducted in 2000 but, because the framework for the mathematics
assessment was revised in 2003, it is not appropriate to compare results from the 2000 assessment with subsequent PISA
mathematics assessments. Similarly, the framework for the PISA science assessment was changed in 2000 and in 2003,
preventing comparisons of results in 2000 or 2003 with science literacy scores from subsequent years.
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High School Coursetaking in Mathematics and Science

To understand students’ achievement in mathematics or science, it helps to understand what courses they have taken. In
addition, STEM coursetaking in high school is predictive of earning a STEM degree in postsecondary education, with students
who take more advanced mathematics and science in high school more likely to complete college with a STEM degree (Tyson
et al. 2007; Wang 2013). This section examines high school students’ participation in mathematics and science courses using
data from HSLS:09, the College Board's AP program, and data collected by the Department of Education’s Office for Civil
Rights.

HSLS:09 is a longitudinal study of a nationally representative sample of approximately 20,000 students who were first
surveyed in fall 2009 as ninth graders and were surveyed again in 2012, when most were spring-term eleventh graders. The
HSLS:09 sample includes students from public and private schools, so it is representative of the overall in-school population. It
does not include home-schooled students, who make up about 3% of the student population in the United States (Redford,
Battle, and Bielick 2017). Transcript data were collected for HSLS:09 students in summer 2013, when most would have
completed high school (Dalton, Ingels, and Fritch 2016). Compared with students’ self-reports of coursetaking, transcript data
provide a more accurate account of mathematics and science coursetaking for all students in the study for whom transcripts
were collected. Transcript data are used in this section to examine the mathematics and science courses taken by students
who had completed high school by summer 2013.

Given the ongoing emphasis on readiness for college and career at the completion of high school (Achieve Inc. 2016), this
section focuses specifically on mathematics and science coursetaking among high school completers (i.e., students who
graduated from high school with a regular diploma or an alternative credential such as a General Educational Development
[GED] certificate). It is recommended that high school graduates interested in attending a public university complete a
minimum of 3 years of mathematics, including algebra 2, and 3 years of science, including biology and either chemistry or
physics (Bromberg and Theokas 2016).

Highest Mathematics Courses Taken by High School Completers

Among ninth graders who began high school in 2009 and completed high school in 2013, the majority (89%) completed
algebra 2 or higher (B Table 1-14). More specifically, approximately one-quarter of students stopped with algebra 2 as their
highest mathematics course, another quarter stopped with trigonometry or other advanced mathematics, 22% advanced to
pre-calculus, and 19% finished with calculus or higher.

Socioeconomic status. Students in the highest SES quintile were more likely to take advanced mathematics courses than
their peers in the middle and lowest SES quintiles (B Table 1-14). For example, the percentage of students in the highest SES
quintile taking calculus or higher was four times higher than the percentage of students in the lowest SES quintile (37% versus
9%) and two times higher than the percentage of students in the middle SES quintiles (37% versus 16%).
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TABLE 1-14 BB

Highest-level mathematics course enrollment of high school completers, by student and family
characteristics: 2013

(Percent)
Student and family Algebra 1 or Algebra Trigonometry or Pre- Calculus or
characteristic lower Geometry 2 other calculus higher
All students 2.9 7.8 244 23.8 21.8 19.3
Sex
Male 3.7 9.1 23.7 23.7 20.4 19.5
Female 2.2 6.5 251 24.0 23.2 19.2
Race or ethnicity
White 3.2 6.6 22.2 22.2 23.9 22.0
Black 2.3 4.9 28.8 34.6 20.4 9.0
Hispanicd 3.0 13.2 26.8 235 18.9 14.6
Asian 0.7 24 10.3 13.6 22.7 50.3
OtherP 2.8 10.7 43.8 15.7 12.6 14.3
Two or more races 3.1 8.1 30.8 25.1 17.8 15.1
SESC
Lowest fifth 4.9 12.0 31.0 26.5 16.6 9.0
Middle three-fifths 3.2 8.2 26.5 25.1 20.9 16.2
Highest fifth 0.5 33 11.6 18.9 28.9 36.7

SES = socioeconomic status.
@ Hispanic may be any race. Asian, black, white, and other races refer to individuals who are not of Hispanic origin.
b Other includes Alaska Native, American Indian, Native Hawaiian, Pacific Islander, and those having origins in a race not listed.

¢ SES is a composite variable derived from parental education level, parental occupation, and family income. The quintile measure
divides the SES distribution into five equal quintile groups. Quintile 1 corresponds to the lowest one-fifth of the population, and quintile

5 corresponds to the highest. For this report, the middle three quintiles are combined into one category.

Note(s)

Trigonometry or other includes trigonometry, probability and statistics, and other advanced mathematics. Calculus or higher includes
calculus, Advanced Placement or International Baccalaureate (AP/IB) calculus, and other AP/IB mathematics. Percentages may not add

to total because of rounding.
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Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016) of High School
Longitudinal Study of 2009 (HSLS:09), National Center for Education Statistics. See Appendix Table 1-22.
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Race or ethnicity. Asian students took advanced mathematics courses at a significantly higher rate than any other racial or
ethnic group, with 50% taking calculus or higher, compared with 22% for white students, 15% for Hispanic students, and 9%
for black students. Although 13% of Hispanic students stopped with geometry 1 as their highest mathematics course, just 2%-
7% of white, black, and Asian students did so.

Sex. Approximately the same percentage of male and female students stopped with algebra 2, trigonometry, or calculus or
higher as their highest mathematics course.

Socioeconomic status and sex by race or ethnicity. Virtually no sex differences were detected in mathematics coursetaking
within each racial or ethnic group (Appendix Table 1-22). However, mathematics coursetaking gaps by SES persisted even after
race or ethnicity was considered (B8 Table 1-15). In all racial or ethnic groups, students in the highest SES quintile took
advanced mathematics such as calculus at higher rates than low-SES students. Among Asian students, for example, 63% of
those in the highest SES quintile took calculus compared with 30% of low-SES students. For white students, when comparing
calculus coursetaking, it was 38% in the highest SES quintile versus 8% in the lowest SES quintile; for black students, it was
22% versus 3%; and for Hispanic students, it was 25% versus 12%. This pattern was reversed for lower-level mathematics
coursetaking, with low-SES students in most racial or ethnic groups more likely than their high-SES peers to stop taking
mathematics at the lower course levels. For example, 37% of low-SES white students took algebra 2 as their highest
mathematics course, compared with 11% of high-SES white students.
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TABLE 1-15 FH

Highest-level mathematics course enrollment of high school completers, by socioeconomic
status within race or ethnicity: 2013

(Percent)
Student and family Algebra 1 or Algebra Trigonometry or Pre- Calculus or
characteristic lower Geometry 2 other calculus higher
All students 2.9 7.8 244 23.8 21.8 19.3
White
Lowest fifth SES 8.0 8.6 37.2 23.6 14.8 7.8
Middle three-fifths SES 3.6 8.0 254 23.7 22.3 171
Highest fifth SES 0.5 2.6 10.5 18.6 30.2 37.6
Black
Lowest fifth SES 3.5 4.1 324 38.5 18.5 3.1
Middle three-fifths SES 2.3 54 27.3 34.7 21.0 9.4
Highest fifth SES 0.5 4.8 15.2 334 239 22.2
Hispanic?
Lowest fifth SES 3.2 18.6 23.7 25.6 17.0 11.9
Middle three-fifths SES 3.1 11.2 29.0 23.8 18.5 14.5
Highest fifth SES 0.6 7.3 18.6 16.6 31.9 25.1
Asian
Lowest fifth SES 0.0 8.0 19.2 16.9 25.8 30.0
Middle three-fifths SES 1.4 1.7 12.4 18.5 20.9 45.1
Highest fifth SES 0.0 1.9 4.8 6.3 24.3 62.7

SES = socioeconomic status.

@ Hispanic may be any race. Asian, black, and white refer to individuals who are not of Hispanic origin.

Note(s)
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Trigonometry or other includes trigonometry, probability and statistics, and other advanced mathematics. Calculus or higher includes
calculus, Advanced Placement or International Baccalaureate (AP/IB) calculus, and other AP/IB mathematics. SES is a composite variable
derived from parental education level, parental occupation, and family income. The quintile measure divides the SES distribution into
five equal quintile groups. Quintile 1 corresponds to the lowest one-fifth of the population, and quintile 5 corresponds to the highest.

For this report, the middle three quintiles are combined into one category.

Source(s)
National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016) of High School
Longitudinal Study of 2009 (HSLS:09), National Center for Education Statistics. See Appendix Table 1-23.
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Other characteristics. The highest level of mathematics coursetaking was also positively related to parents’ highest
education and students’ mathematics achievement, mathematics coursetaking, and educational expectations in ninth grade
(Appendix Table 1-23). In addition, students who attended private school took advanced courses at higher rates than students
who attended public schools. For example, 33% of students at private schools took calculus or higher, compared with 18% of
students at public schools.

Science Coursetaking by High School Completers

All ninth graders who began high school in 2009 and completed in 2013 took at least one science course, with 79% taking
at least one general science course (but no advanced science) and 21% taking at least one advanced course (B Table 1-16).

Virtually all students (98%) took biology, 76% took chemistry, and fewer (41%) took physics.

Socioeconomic status. Although all students took at least one science course, students in the highest SES quintile were
more than three times as likely to take at least one advanced science course compared with their peers in the lowest SES
quintile (38% versus 11%). In addition, students in the highest SES quintile were more likely to take chemistry and physics
courses than students in the lowest SES quintile.

Race or ethnicity. Among all racial or ethnic groups, Asian students were the most likely to take advanced science courses,
by a large margin. For example, 25% of Asian students took advanced chemistry, compared with 9% of white students, 3% of
black students, and 5% of Hispanic students. The percentage of students who took general physics was not significantly
different among white, black, and Hispanic students.

Sex. Science coursetaking showed slight differences among male and female students. For example, 78% of female
students took chemistry, compared with 73% of male students. The pattern reversed slightly for physics, with 40% of female
students taking physics, compared with 43% of male students. In advanced coursetaking, female students were slightly more
likely than male students to take advanced biology (13% versus 10%) and slightly less likely to take advanced physics (4%
versus 7%).

Socioeconomic status and sex by race or ethnicity. Within each racial or ethnic group, students in the highest SES quintile
were more likely to take at least one advanced science course compared with their counterparts in the lowest SES quintile
(BB Table 1-17). Thirty-eight percent of high-SES white, 31% of high-SES black, and 31% of high-SES Hispanic students took at

least one advanced science course, compared with approximately 10% of their peers in the lowest SES quintile.



 National Science Board | Science & Engineering Indicators 2018 1] 66

| cHAPTER 1 | Elementary and Secondary Mathematics and Science Education

Some sex differences in science coursetaking were observed when race or ethnicity was taken into account (Appendix
Table 1-24). White female students were more likely than white male students to take chemistry (79% versus 73%), and white
male students were more likely than white female students to take physics (45% versus 39%). Black female students were
more likely to take at least one advanced science course than their male counterparts (18% versus 9%), specifically advanced
biology (12% versus 5%).

Other characteristics. Science coursetaking also varied by parental education level, students’ mathematics achievement
and coursetaking, and educational expectations (Appendix Table 1-25). For example, students who enrolled in a course above
algebra 1 in ninth grade took advanced biology, chemistry, and physics at higher rates, compared with students who enrolled
in algebra 1 in ninth grade (19% versus 7% for biology, 14% versus 4% for chemistry, and 11% versus 2% for physics). About
85% of students at public and private schools took general biology, but students at private schools took general chemistry and
physics at higher rates than their public school counterparts (81% versus 67% and 54% versus 35%, respectively).
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TABLE 1-16 FH

Science course enrollment of high school completers, by student and family characteristics: 2013

(Percent)
. AP/IB or AP/IB or AP/IB or AP/IB or
Student and family General No General No General No General
o . advanced . . advanced . . advanced . . advanced
characteristic science . biology biology . chemistry chemistry . physics physics .
science biology chemistry physics
All students 78.6 21.3 2.5 86.1 11.5 24.4 67.9 7.7 58.5 36.4 5.1
Sex
Male 80.2 19.7 2.7 87.7 9.7 271 65.4 7.5 56.7 36.8 6.6
Female 77.1 22.8 2.2 84.5 13.2 21.9 70.2 7.9 60.3 36.0 3.7
Race or ethnicity
White 76.6 23.3 2.4 85.3 124 23.9 67.3 8.8 58.3 36.3 5.4
Black 85.4 14.4 1.2 89.8 9.0 23.8 72.8 34 62.8 34.8 2.4
Hispanicd 84.0 15.9 2.9 89.2 7.9 271 68.1 4.8 59.6 36.9 3.5
Asian 48.5 51.5 3.8 66.1 30.1 10.1 65.2 24.7 329 47.4 19.8
OtherP 91.5 7.7 2.7 91.2 6.1 33.0 63.2 3.7 74.5 25.1 0.4
Two or more
81.1 18.9 2.9 86.9 10.3 28.1 65.6 6.4 62.0 33.2 4.7
races
SES®
Lowest fifth 89.1 10.6 33 90.3 6.4 34.1 62.4 3.5 68.1 30.1 1.9
Middle three-
81.2 18.6 2.1 87.5 10.4 25.8 68.0 6.2 60.8 35.2 4.0

fifths
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. AP/IB or AP/IB or AP/IB or AP/IB or
Student and family General No General No General No General
. . advanced . . advanced . . advanced . . advanced
characteristic science . biology biology . chemistry chemistry . physics physics .
science biology chemistry physics
Highest fifth 62.0 38.0 2.4 78.6 19.0 11.9 72.8 15.4 43.6 45.9 10.5

AP/IB = Advanced Placement/International Baccalaureate; SES = socioeconomic status.
@ Hispanic may be any race. Asian, black or African American, white, and other races refer to individuals who are not of Hispanic origin.
b Other includes Alaska Native, American Indian, Native Hawaiian, Pacific Islander, and those having origins in a race not listed.

€ SES is a composite variable derived from parental education level, parental occupation, and family income. The quintile measure divides the SES distribution into five equal
quintile groups. Quintile 1 corresponds to the lowest one-fifth of the population, and quintile 5 corresponds to the highest. For this report, the middle three quintiles are

combined into one category.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016) of High School Longitudinal Study of 2009 (HSLS:09), National
Center for Education Statistics. See Appendix Table 1-24.
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TABLE 1-17 FH

Science course enrollment of high school completers, by socioeconomic status within race or ethnicity: 2013

(Percent)
. AP/IB or AP/IB or AP/IB or AP/IB or
Student and family General No General No General No General
o . advanced . . advanced . . advanced . . advanced
characteristic science . biology biology . chemistry chemistry . physics physics .
science biology chemistry physics
All students 78.6 21.3 2.5 86.1 11.5 24.4 67.9 7.7 58.5 36.4 5.1
White
Lowest fifth
89.7 10.1 2.7 91.9 5.5 40.3 55.4 4.4 72.3 26.7 1.0
SES
Middle three-
80.9 18.9 2.4 87.0 10.6 26.8 66.3 6.9 62.7 33.2 4.0
fifths SES
Highest fifth
Ses 62.3 37.8 2.2 79.2 18.6 1.4 73.8 14.7 44.0 46.2 9.8
Black
Lowest fifth
89.2 10.2 23 90.9 6.9 25.0 69.9 5.1 66.6 28.9 4.5
SES
Middle three-
85.5 14.5 0.6 90.2 9.2 25.7 71.5 2.8 61.8 37.0 1.3
fifths SES
Highest fifth
Ses 69.3 30.7 1.9 80.8 17.3 14.9 80.6 4.5 51.5 43.5 5.0
Hispanic?
Lowest fifth
89.0 10.7 4.3 88.6 7.2 325 65.3 2.2 65.8 33.1 1.1

SES



National Science Board | Science & Engineering Indicators 2018

| cHAPTER 1 | Elementary and Secondary Mathematics and Science Education

Student and family
characteristic

Middle three-

fifths SES

Highest fifth
SES

Asian

Lowest fifth
SES

Middle three-

fifths SES

Highest fifth
SES

OtherP

Lowest fifth
SES

Middle three-

fifths SES

Highest fifth
SES

Two or more

races

General
science

83.4

68.8

69.3

56.0

32.3

88.6

AP/IB or
advanced

science

16.6

30.7

30.7

44.0

67.7

10.2

No
biology

2.2

5.8

33

4.0

3.7

General
biology

90.5

85.4

79.5

70.1

56.5

88.2

AP/IB or
advanced
biology

7.7

12.4

14.7

39.5

8.1

No
chemistry

24.8

18.8

10.6

7.3

29.6

General
chemistry

70.6

71.7

72.0

71.0

55.7

64.9

AP/IB or
advanced
chemistry

4.7

15.3

9.2

18.5

37.0

5.5

No
physics

56.8

47.4

50.5

35.8

23.0

76.0

General
physics

39.9

42.4

38.2

47.6

51.5

23.7

1170

AP/IB or
advanced
physics

34

10.2

16.6

25.5

0.3



National Science Board | Science & Engineering Indicators 2018

| cHAPTER 1 | Elementary and Secondary Mathematics and Science Education

1171

. AP/IB or AP/IB or AP/IB or AP/IB or
Student and family General No General No General No General
. . advanced . . advanced . . advanced . . advanced
characteristic science . biology biology . chemistry chemistry . physics physics .
science biology chemistry physics
Lowest fifth
93.3 6.7 1.6 95.9 2.5 46.5 50.7 2.8 73.2 26.8 0.0
SES
Middle three-
81.8 18.2 2.5 87.2 10.2 271 67.4 5.5 63.5 31.9 4.6
fifths SES
Highest fifth
70.4 29.6 3.5 82.1 14.4 16.5 71.6 12.0 46.4 44.3 9.3

SES

s = suppressed for reasons of confidentiality and/or reliability.
AP/IB = Advanced Placement/International Baccalaureate; SES = socioeconomic status.
@ Hispanic may be any race. Asian, black, white, and other races refer to individuals who are not of Hispanic origin.

b Other includes Alaska Native, American Indian, Native Hawaiian, Pacific Islander, and those having origins in a race not listed.

Note(s)

SES is a composite variable derived from parental education level, parental occupation, and family income. The quintile measure divides the SES distribution into five equal
quintile groups. Quintile 1 corresponds to the lowest one-fifth of the population, and quintile 5 corresponds to the highest. For this report, the middle three quintiles are

combined into one category.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016) of High School Longitudinal Study of 2009 (HSLS:09), National

Center for Education Statistics.
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Computer Science and Technology Coursetaking

Computer science and coding skills are increasingly recognized as an asset in today’s economy. The Bureau of Labor
Statistics projects 23% growth from 2014 to 2024 in the computer systems design and related services industry—from
1,777,700 jobs in 2014 to 2,186,600 jobs in 2024 (U.S. Department of Labor 2015). In light of this projected growth, educators
and policymakers, concerned that too few students are exposed to computer science instruction in school, are working to
broaden access to computer science courses (Change the Equation 2016; Nager and Atkinson 2016). An analysis of data from
NAEP's grade 12 student survey in 2015 showed that just 22% of students reported taking a course in computer programming
while in high school (Change the Equation 2016). Several efforts related to computer science education are currently under
way and these developments, detailed in the sidebar B Focus on Computer Science, herald a new focus on computer science

in K-12 education.
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SIDEBAR B

Focus on Computer Science

Recent years have seen a surge in new developments in computer science education, including a Presidential
Memorandum from the Trump administration focused on expanding access to computer science education, the
inclusion of computer science in the Every Student Succeeds Act, the launch of a new Advanced Placement computer
science course, a growing number of states allowing computer science to count toward high school graduation, and the
release of a computer science education framework.

A Presidential Memorandum, signed in September 2017, set a goal of devoting at least $200 million per year in grant
funds toward expanding access to high-quality STEM and computer science education.* In conjunction with the
Presidential Memorandum, several of the nation’s largest technology companies pledged a total of $300 million to

support computer science education over a five-year period.T

An earlier federal initiative, Computer Science for All, was announced by the Obama administration in early 2016.
Although Congress did not approve the specific funding called for in the Computer Science for All initiative, other efforts
related to it, such as investments by the National Science Foundation and the Corporation for National and Community
Service to support and train computer science teachers, are moving forward.

The Every Student Succeeds Act specifically includes computer science as part of science, technology, engineering, and
mathematics education subjects and includes computer science with other core subjects, such as English, reading,

science, and mathematics, in its definition of a “well-rounded education.”

The College Board's newest Advanced Placement course, Computer Science Principles, developed with the support of $9
million in funding from NSF, was offered for the first time during the 2016-17 school year. The course, designed to

increase the number and diversity of high school students taking computer science, focuses on several topics in addition
to programming, including working with data, computational thinking processes, algorithms, understanding the Internet,

and cybersecurity.§

In 2017, 31 states and the District of Columbia allowed students to count a computer science course toward high school

graduation requirements, up from 12 states in 2013.1

The Association for Computing Machinery, Code.org, Computer Science Teachers Association, Cyber Innovation Center,
and National Math and Science Initiative collaborated with states, districts, and the computer science education
community to develop conceptual guidelines for computer science education. The K-12 Computer Science Framework
outlines the essential computer science concepts and practices that students should know by the end of grades 2, 5, 8,
and 12.#

* https://www.whitehouse.gov/the-press-office/2017/09/25/memorandum-secretary-education
t https://www.nytimes.com/2017/09/26/technology/computer-science-stem-education.html

¢ https://www.gpo.gov/fdsys/pkg/BILLS-114s1177enr/pdf/BILLS-114s1177enr.pdf

8 https://advancesinap.collegeboard.org/stem/computer-science-principles

I https://code.org/action


https://www.whitehouse.gov/the-press-office/2017/09/25/memorandum-secretary-education
https://www.nsf.gov/cgi-bin/goodbye?https://www.nytimes.com/2017/09/26/technology/computer-science-stem-education.html
https://www.gpo.gov/fdsys/pkg/BILLS-114s1177enr/pdf/BILLS-114s1177enr.pdf
https://www.nsf.gov/cgi-bin/goodbye?https://advancesinap.collegeboard.org/stem/computer-science-principles
https://www.nsf.gov/cgi-bin/goodbye?https://code.org/action
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*https://k12cs.org/

Longitudinal data from HSLS:09, a study that followed a cohort of ninth graders beginning high school in 2009 over 4 years
of high school, indicate that 47% of 2013 high school graduates earned credit in computer and information sciences, and 15%
earned credit in engineering and technology (E Table 1-18; Appendix Table 1-26).[1] The average credits earned were 1.0 credit
for computer and information sciences and 1.3 credits for engineering and technology. About two and a half times as many
male students (21%) earned engineering and technology credits compared with female students (8%). No significant
difference was detected in the percentage of male and female students earning credits for computer and information
sciences. It is important to note that computer and information sciences credits reported above included credits earned for
introductory courses as well as applied courses focused on learning and using specific software programs. These introductory
courses do not fall under the more rigorous definition of computer science as “the study of computers and algorithmic
processes, including their principles, design, implementation and impact on society” endorsed by the new K-12 Computer
Science Framework (K-12 Computer Science Framework 2016).

TABLE 1-18 HH

Average high school credits earned in technology-related courses and percentage of students
earning any credit, for fall 2009 ninth graders, by sex: 2013

(Average number of credits and percentage of students)

Computer and information sciences Engineering and technology
Sex
Average credits Earned any credit Average credits Earned any credit
Total 1.0 47.1 1.3 14.7
Male 1.1 49.0 1.4 211
Female 1.0 45.1 1.0 8.3
Source(s)

Dalton B, Ingels S), Fritch L, High School Longitudinal Study of 2009 (HSLS:09) 2013 Update and High School Transcript Study: A First
Look at Fall 2009 Ninth-Graders in 2013, NCES 2015-037rev (2016).
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Data collected as part of a multiyear research effort by Gallup and Google give further insight into the state of computer
science education in the United States (Google Inc. and Gallup Inc. 2016). Gallup interviewed nationally representative samples
of students, parents, teachers, principals, and superintendents in late 2015 and early 2016. Data from the survey of principals
reveal the extent of student access to computer science courses. A total of 57% of principals reported that their school offered
at least one computer science course, although, again, these could be applied courses in how to use software programs that
do not meet the more rigorous definition of computer science advocated in the new K-12 Computer Science Framework
(FTable 1-19). Fewer principals reported offering computer science courses with advanced content, ranging from 40%
reporting courses that included computer programming to 14% reporting courses that included data analytics or visualization
(Google Inc. and Gallup Inc. 2016). Computer science courses were more likely to be offered at larger schools, with 78% of


https://www.nsf.gov/cgi-bin/goodbye?https://k12cs.org/
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principals at schools with 1,000 or more students reporting offering at least one computer science course, compared with 47%
of principals at schools with less than 500 students (B8 Table 1-19). Computer science courses were also more available at high
schools (75%) than at middle schools (51%) and elementary schools (39%). When principals at schools that offered no
computer science were asked why such courses were not offered, 63% indicated that teachers with the necessary skills were
not available, 55% responded that they did not have sufficient funds to train and hire a teacher, and 50% noted the lack of

time in their class schedule for subjects other than those with testing requirements (Google Inc. and Gallup Inc. 2016).

TABLE 1-19 M

Percentage of principals reporting that their schools offer at least one computer science course,
by grade level, size, and locale: 2016

(Percent)
Characteristic At least one computer science course
Total 57
Grade level
6th and lower 39
7th and 8th 51
9th and higher 75
Size
Less than 500 47
500-999 51
1,000 or more 78
Locale
City 44
Suburb 69
Town or rural 57
Source(s)

Google Inc. & Gallup Inc., Trends in the State of Computer Science in U.S. K-12 Schools (2016), figure B7, https://goo.gl/j291EQ, accessed
16 March 2017.
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Participation and Performance in the Advanced Placement Program

The AP program is one of the largest and most well-known programs offering high school students the opportunity to earn
college credits. Other such opportunities include the International Baccalaureate program, which also offers college credits to
high school students, and dual enrollment, in which students enroll in college courses while still in high school.

Administered by the College Board, a nonprofit organization, the AP program offered college-level courses to high school
students in 37 different subjects in 2016, enabling students to earn credits toward high school diplomas and college degrees
simultaneously. The College Board also administers AP exams that test students’ mastery of course material.[2] Students who
earn a passing score of 3 or higher out of 5 on an AP exam may be eligible to earn college credits, placement into more
advanced college courses, or both, depending on the policy of the postsecondary institution they attend.

AP Exam Taking and Performance

Among mathematics and science AP exams, calculus AB has been the most common, followed by biology; both remained
so in 2016, when approximately 308,000 high school students took the calculus AB exam and 238,000 took the biology exam
(EB Table 1-20). Fewer students took more advanced exams (e.g., about 125,000 students took calculus BC). Physics C:

electricity and magnetism was the least common exam, taken by approximately 23,000 students in 2016.

The number of high school students who took at least one AP exam nearly doubled in the past decade, from 1,464,254 in
2006 t0 2,611,172 in 2016 (B Table 1-21). To provide context, the overall high school population increased by just 9% between
2001 and 2013 (U.S. Department of Education 2015). Similarly, the number of students who took an AP exam in mathematics
or science rose consistently across all subjects from 2006 to 2016, ranging from an increase of 36% in the number of students
taking the calculus AB exam to an increase of 75% in the number of students taking the computer science A exam. Calculus
AB, statistics, biology, and environmental science all saw gains of more than 100,000 students taking those exams over the
decade. Passing rates for the mathematics and science exams ranged from lows of 40% for physics 1 and 46% for

environmental science to highs of 77% for physics C: mechanics and 81% for calculus BC (B Table 1-20).
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TABLE 1-20 FH

Students who took or passed an AP exam in high school, by subject: 2016

(Number and percent)

Subject Number who took exam Percentage who passed exam?

AP mathematics exam

Calculus AB 308,215 59.5
Calculus BC 124,931 81.1
Statistics 206,563 60.9

AP science exam

Biology 238,080 61.1
Chemistry 153,465 53.6
Computer science A 57,937 64.5
Environmental science 149,096 45.6
Physics 1 169,304 39.8
Physics 2 26,385 61.3
Physics C: electricity/ magnetism 23,347 70.5
Physics C: mechanics 53,110 77.4

AP = Advanced Placement.

@ Students scoring 3, 4, or 5 on a scale of 1-5 for an AP exam were considered to have passed.

Source(s)

The College Board (2016), https://secure-media.collegeboard.org/digitalServices/pdf/research/2016/Student-Score-
Distributions-2016.xls, accessed 16 March 2017.
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TABLE 1-21 FH

Students taking AP exams, by subject: 2006 and 2016

(Number)

Subject
Any AP exam
AP mathematics exam
Calculus AB
Calculus BC
Statistics
AP science exam
Biology
Chemistry
Computer science A
Environmental science
Physics 1
Physics 2
Physics C: electricity/ magnetism and mechanics®

NA = not available; physics 1 and 2 exams were first offered in 2015.

AP = Advanced Placement.

2006

1,464,254

197,181

58,603

88,237

131,783

87,465

14,662

44,698

NA

NA

34,961

1178

2016

2,611,172

308,215
124,931

206,563

238,080
153,465
57,937
149,096
169,304
26,385

76,457

@ Physics C electricity/magnetism and mechanics are two different exams but were reported as combined totals by the College Board.

Source(s)

The College Board, https://secure-media.collegeboard.org/digitalServices/pdf/research/2016/2016-Exam-Volume-Change.xls, accessed

16 March 2017.
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Sex. Mathematics and science AP exam taking varies by students’ sex (liFigure 1-6). Although the students who took

calculus AB, statistics, and chemistry exams were about evenly split by sex in 2016, at advanced levels, male students

predominated, representing 58% of all calculus BC takers, 71% of physics 2, 76% of physics C: electricity and magnetism, and

72% of physics C: mechanics. Male students also outhnumbered their female counterparts in computer science, with 77% of

computer science A exam takers being male students. In contrast, female students took a larger share of exams in biology

(61%) and environmental science (55%).
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FIGURE 1-6 lll

Percentage distribution of high school students taking an AP exam in mathematics or science,
by sex: 2016
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AP = Advanced Placement.

Source(s)
The College Board, https://secure-media.collegeboard.org/digitalServices/misc/ap/national-summary-2016.xlsx, accessed 10 March
2017.
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Demographic Differences in Access to Advanced Mathematics and Science Courses: Civil
Rights Data

The 2013-14 Civil Rights Data Collection (CRDC) is a survey of all public schools and school districts in the United States
that is conducted by the Department of Education’s Office for Civil Rights. The survey measures various factors that affect
education equity and opportunity for students, including access to advanced mathematics and science courses (U.S.
Department of Education 2016b). Overall, the CRDC shows that access to higher-level mathematics and science courses in the
United States is not equal. Nationwide, 78% of high schools offer algebra 2, 48% offer calculus, 72% offer chemistry, and 60%
offer physics (ETable 1-22). In addition, these data show that schools with high black and Latino enrollment offer less access
to high-level mathematics and science courses than schools with low black and Latino enrollment.[3] For example, 56% of high
schools with low black and Latino student enrollment offer calculus, compared with 33% of high schools with high black and
Latino enroliment.
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TABLE 1-22 FH

Access to high-level mathematics and sciences courses among students at low versus high black
and Latino enrollment schools: 2013-14

(Percent)
Course All schools Low black and Latino enrollment? High black and Latino enroliment
Algebra ll 78 84 71
Calculus 48 56 33
Chemistry 72 78 65
Physics 60 67 48

@ "High/low black and Latino enrollment" refers to schools with more than 75% and less than 25% black and Latino student enrollment,
respectively, as defined and reported by the U.S. Department of Education’s Office for Civil Rights.

Source(s)

U.S. Department of Education, Office for Civil Rights, 2073-2014 Civil Rights Data Collection: A first look (2016). https://www2.ed.gov/
about/offices/list/ocr/docs/2013-14-first-look.pdf, accessed 27 February 2017.
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[11 One credit is equivalent to a 1-year course of instruction.

[2IThe cost of taking an AP exam was $93 per exam in 2017, a fee that might be prohibitive for low-income families and may
affect equity of access to the exams. ESSA ended a federal grant program that had subsidized the cost of AP exams for
students from low-income families for 17 years, adding to concerns about financial barriers to AP exam access. For more
information, see https://www.edweek.org/ew/articles/2017/01/18/schools-grappling-with-fee-hikes-for-ap.html?
r=1465832823.

(31 “High/low black and Latino enrollment” refers to schools with more than 75% and less than 25% black and Latino student
enrollment, respectively, as defined and reported by the U.S. Department of Education’s Office for Civil Rights.


https://www.edweek.org/ew/articles/2017/01/18/schools-grappling-with-fee-hikes-for-ap.html?r=1465832823
https://www.edweek.org/ew/articles/2017/01/18/schools-grappling-with-fee-hikes-for-ap.html?r=1465832823
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Teachers of Mathematics and Science

Students’ achievement in mathematics and science depends not only on the courses they take, but also, in large part, on
their access to high-quality instruction. Many factors may affect teacher quality, including qualifications, subject-matter
knowledge, years of experience, ongoing professional development, access to instructional coaches, instructional resources
and leadership, and working conditions. Educators and policymakers continue to focus on attracting and retaining high-quality
STEM teachers, as evidenced by the inclusion in ESSA of multiple provisions related to STEM teachers (see sidebar B®ESSA and
STEM Teachers).
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SIDEBAR B

ESSA and STEM Teachers

The Every Student Succeeds Act (ESSA) includes several provisions designed to help states and districts prepare, train,

and recruit high-quality science, technology, engineering, and mathematics (STEM) teachers.” These provisions include
the following:

Alternative certification allows states “to establish, expand, or improve alternative routes for state certification of
teachers especially for teachers of ... science, technology, engineering, mathematics, or other areas where the state
experiences a shortage of educators.”

Differential pay allows states and districts to “provide differential pay, or other incentives, to recruit and retain teachers
in high need academic subjects” such as STEM.

Use of block grants for STEM professional development allows states and districts to use state block grants “to develop
and provide professional development and other comprehensive systems of support for teachers, principals, or other
school leaders to promote high-quality instruction and instructional leadership in science, technology, engineering, and
mathematics subjects, including computer science.”

STEM master teacher corps enables the Secretary of Education to award grants to states to “support the development of
a state-wide STEM master teacher corps.”

Professional development in technology for STEM teachers stipulates that school districts receiving grants of $30,000 or
more “to improve the use of technology to improve the academic achievement, academic growth, and digital literacy of
all students” must spend a portion of those funds on allowable uses, which include “professional development in the use
of technology to enable teachers and instructional leaders to increase student achievement in the areas of science,
technology, engineering, and mathematics, including computer science.”

* See http://www.stemedcoalition.org/2015/12/01/coalition-analysis-of-key-stem-provisions-in-esea-act/ for additional
information. The full text of ESSA is available at https://www2.ed.gov/documents/essa-act-of-1965.pdf.

Science and Engineering Indicators 20716 (NSB 2016) provided in-depth analysis of STEM teachers using data from the NCES
2011-12 Schools and Staffing Survey (SASS). New national data on STEM teachers have not become available since the
publication of Science and Engineering Indicators 2016,11] so this section provides a brief review of those findings followed by
new data that provide insight into how U.S. teachers’ salaries compare with those of their international counterparts.

As noted, the primary data source for STEM teacher information for Science and Engineering Indicators 2076 was the
2011-12 SASS, a national survey conducted biennially by NCES from 1987 to 2011. NCES has redesigned SASS and launched it
as a new survey, the National Teacher and Principal Survey (NTPS). Data collection began during the 2015-16 school year, and
data will be available for analysis by 2018. NTPS was designed to be more flexible, timely, and integrated with other
Department of Education surveys. It covers the same core topics as SASS while also including newer topics, such as teachers'
use of information technology in the classroom. Core topics include teacher and principal preparation, school characteristics,
demographics of the teacher and principal labor force, teacher professional development, and teacher compensation and
retention.


https://www.nsf.gov/cgi-bin/goodbye?http://www.stemedcoalition.org/2015/12/01/coalition-analysis-of-key-stem-provisions-in-esea-act/
https://www2.ed.gov/documents/essa-act-of-1965.pdf
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Previous Findings

Science and Engineering Indicators 2016 provided various indicators of public school mathematics and science teachers’
quality based on data collected during the 2011-12 school year, including educational attainment, professional certification,
participation in student teaching, self-assessment of preparation, and years of experience. The section on mathematics and
science teachers also examined school factors, such as salary and working conditions, that may affect teacher effectiveness.
The section focused on middle and high school teachers because mathematics and science teachers are more common and
more easily identified at these levels than at the elementary level.

In 2011, the vast majority of public middle and high school mathematics (91%) and science (92%) teachers were fully
certified (i.e., held regular or advanced state certification). The percentage of mathematics and science teachers with full state
certification increased by 6 percentage points and 9 percentage points, respectively, from 2003 to 2011. The increase in
teachers with full certification was seen in many types of schools but was more apparent among science teachers in high-
minority (from 79% in 2003 to 90% in 2011) and high-poverty schools (from 80% to 91%). Despite these increases, fully
certified mathematics and science teachers were still less prevalent in high-minority and high-poverty schools when compared
with low-minority and low-poverty schools. For example, 88% of mathematics teachers in high-poverty schools were fully
certified, compared with 95% of those in low-poverty schools.

The prevalence of mathematics and science teachers with degrees in the subject they taught (i.e., in-field degrees) also
varied by school poverty level. For example, 75% of middle school mathematics teachers in low-poverty schools had in-field
degrees, compared with 63% of teachers at high-poverty schools. At the high school level, 95% of mathematics teachers at
low-poverty schools had in-field degrees, compared with 87% at high-poverty schools.

Although the percentage of mathematics teachers with more than 20 years of experience decreased from 29% in 2003 to
23% in 2011, the percentage of teachers with 10-19 years of experience increased from 27% to 33%, and the percentage of
teachers with fewer than 3 years of experience decreased from 19% to 15%. The pattern among science teachers was similar.
Overall, in 2011, 85% of public middle and high school mathematics teachers and 90% of science teachers had more than 3
years of experience. The percentage of mathematics teachers with fewer than 3 years of experience was higher at high-
poverty schools, however, compared with low-poverty schools (18% versus 10%). The pattern was similar for science teachers.

In 2011, the average base salary of middle and high school teachers was approximately $53,000 for mathematics teachers
and $54,000 for science teachers, according to teachers’ reports in SASS. When asked to rate their satisfaction with their
salaries, slightly more than half of mathematics teachers, and just under half of science teachers, reported being satisfied.
Teachers at high-poverty schools earned less than their counterparts at low-poverty schools, with mathematics teachers
earning $10,000 less and science teachers earning $13,000 less on average.

International Comparisons of Teacher Salaries

Teachers' salaries are associated with the attractiveness of teaching as a profession. The relative earnings in teaching and
nonteaching professions correlate with career choices, and there is less attrition among teachers with higher salaries (Feng
2014; Gilpin 2012; James et al. 2011; OECD 2005).

The United States ranks low among developed countries with respect to the ratio of teachers’ salaries to the salaries of
other tertiary educated workers. For primary school teachers, the U.S. ranking is 20th of 23 countries. For lower and upper
secondary school teachers, the United States is 21st of 23 countries.

liFigure 1-7 examines the ratio of teachers’ salaries to the salaries of other tertiary educated workers, comparing these

ratios across developed countries. Primary teachers in the United States make 68% of the salary of other tertiary educated
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workers—that is, a 0.68 ratio. Lower secondary teachers (middle or junior high school) have a ratio of 0.69, whereas upper
secondary teachers have a ratio of 0.71. The median relative salary ratio for all 23 developed countries for which data were
available ranged from 0.84 to 0.91 for the three education levels. For the top five developed countries, the relative salary ratio
ranged from 0.92 to 1.10.

FIGURE 1-7 ol

Salaries of teachers in developed countries relative to earnings for tertiary educated workers:
2014
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Science and Engineering Indicators 2018

A shortcoming of these data is that they are not adjusted for the level of tertiary education teachers and nonteachers
received. For example, if U.S. teachers received fewer years of tertiary education than teachers in other countries, this may
help account for some of the salary differences between countries. The OECD, however, provides some data that address this
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potential shortcoming. Ratios adjusted for amount of tertiary education are available for 11 developed countries, including the
United States (OECD 2016). The United States, however, fares worse once the amount of tertiary education is considered: the
gap between the U.S. ratio and the average ratio for other countries grows. In short, the ratio of teacher salaries to those of
other educated workers is not lower in the United States than in other countries because U.S. teachers receive fewer years of

tertiary education.

Another shortcoming of these data is that they do not focus specifically on science and mathematics teachers. However,
salaries in the United States for K-12 teachers whose primary focus in teaching is mathematics or science were only 1.7%
higher than salaries for other teachers.[2] This suggests that gaps in relative salaries for mathematics and science teachers
might be similar to those observed for other teachers.

In summary, U.S. K-12 teachers have lower salaries than other U.S. workers with tertiary education, and the ratio of U.S. K-
12 teacher salaries to that of other U.S. tertiary educated workers is smaller than for that of the median OECD country.
Although U.S. K-12 teachers make 68% to 71%—depending on grade level—of the salary of other workers with tertiary
education, the median for OECD countries ranges from 84% to 91%.

[11 The Teachers of Mathematics and Science section from Science and Engineering Indicators 2016 can be accessed at https://
www.nsf.gov/statistics/2016/nsb20161/#/report/chapter-1/teachers-of-mathematics-and-science.

[2] Special tabulations (2016) using Schools and Staffing Survey PowerStats tool are available at https://nces.ed.gov/datalab/
sass/.


https://www.nsf.gov/statistics/2016/nsb20161/#/report/chapter-1/teachers-of-mathematics-and-science
https://www.nsf.gov/statistics/2016/nsb20161/#/report/chapter-1/teachers-of-mathematics-and-science
https://nces.ed.gov/datalab/sass/
https://nces.ed.gov/datalab/sass/
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Instructional Technology and Digital Learning

Over the years, policymakers and researchers have suggested that modern technology may have the potential to
transform education (Duffey and Fox 2012; Johnson et al. 2014; U.S. Department of Education 2016a). Recognizing the
potential value of technology, the U.S. federal government has launched a series of initiatives in recent years urging school
leaders and educators across the nation to adopt a 21st-century model of education that encompasses technology. In 2013,
then-President Obama announced the ConnectED initiative, pledging to connect 99% of American students to next-generation
broadband and high-speed wireless in their schools and libraries by 2018. The country has made significant progress in
reaching this goal, with the percentage of school districts with high-speed broadband increasing from 30% in 2013 to 88% in
2016 (Education Superhighway 2017). Many states have also joined the federal efforts, taking an active role in building a
technology-rich learning environment in their states (Education Superhighway 2017; Watson et al. 2014).

Technology integration in schools not only provides access to the Internet but also encompasses the use of technological
tools and practices, including online courses, use of various devices and hardware in classrooms, computer-based
assessment, and adaptive software for students with special needs. Collectively referred to as instructional technology, this
wide range of tools and practices involves using and creating appropriate technological processes and resources to facilitate
teaching, engage students, and improve learning outcomes (Alliance for Excellent Education 2011; Richey 2008).

Data and research about instructional technology are presented in two sections. The first section focuses on the availability
or use of various technological devices in classrooms and other topics such as Internet access. The second section focuses on
online learning, providing data about its prevalence and the different types of online learning available to students. Each
section concludes with a review of the research on the effectiveness of the technology discussed and its impact on student
learning outcomes.

Technology as a K-12 Instructional Tool

The use of instructional technology—computers, the Internet, mobile devices, interactive whiteboards, and other emerging
technologies—in K-12 classrooms has been growing rapidly. However, national data available to address the quality and
effectiveness of the technologies remain limited, and research has generally shown only modest positive effects of technology
on learning (Snyder and Dillow 2013; U.S. Department of Education 2016a).

Computers and Other Technology Devices

Computers are universally available in U.S. elementary and secondary schools (NSB 2014); however, as discussed later in
this section, some K-12 teachers do not consider the current availability of instructional technology to be adequate,
particularly in science classes. As of 2008, all U.S. public K-12 schools had one or more computers for instructional purposes
on campus (Gray, Thomas, and Lewis 2010a). Computers are also commonly available in classrooms. In 2009, for example,
97% of K-12 public school teachers reported that they had one or more computers in their classroom, and 69% said that they
or their students often or sometimes used computers during class time (Gray, Thomas, and Lewis 2010b). In addition to
computers, the majority of teachers reported having the following technology devices available as needed or in the classroom
every day: liquid crystal display or digital light processing projectors (84%), digital cameras (78%), and interactive whiteboards
(51%). Furthermore, increasing numbers of schools and districts have initiated one-to-one computing programs, giving each
student a laptop, tablet computer, or other mobile computing device to connect to the Internet, access digital course
materials and textbooks, and complete school assignments (Gemin et al. 2015).
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Despite the availability of computers and other devices in classrooms, many teachers still believe they lack technology
resources. According to a 2012 national survey conducted by Project Tomorrow, 55% of K-12 teachers reported that there
were not enough computers for student use in their classes, highlighting this deficiency as one of the major obstacles in their
use of technology for teaching (Project Tomorrow 2013).

The lack of technology resources in classrooms may be more common in science classes than in mathematics classes. The
2012 National Survey of Science and Mathematics Education sponsored by the National Science Foundation found that,
although 69% of elementary, middle, and high school mathematics teachers indicated that their instructional technology
resources were adequate, just 34% to 48% of elementary, middle, and high school science teachers indicated so (Banilower et
al. 2013).

Internet Access

Access to the Internet is universal in public K-12 schools in the United States. As of 2008, all public schools had
instructional computers with an Internet connection (Gray, Thomas, and Lewis 2010a). Although Internet access at schools is
universal, access with adequate bandwidth and connection speeds remains an area of concern. However, substantial progress
is being made (Consortium for School Networking [CoSN] 2016; Education Superhighway 2017). In a 2016 national survey of
school district technology administrators, more than two-thirds (68%) indicated that all the schools in their system fully met
the Federal Communication Commission’s short-term minimum Internet bandwidth recommendations for public schools,[1]
up from 19% in 4 years (CoSN 2016). Affordability, network speed, capacity, reliability, and competition continue to affect
Internet connectivity. Survey results suggest that increased bandwidth continues to be needed because schools expect
dramatic increases in the number of students using multiple devices for classwork while at school. In 2016, 21% of schools
reported that their students were using two or more devices per day; 65% of respondents expect use of two or more devices
per student per day within the next 3 years (CoSN 2016).

Despite the progress that has been made in connectivity, access to high-speed Internet connections continue to vary by
student demographics. One study reported that students in high-minority schools were half as likely to have high-speed
Internet as students in low-minority schools, and students in low-income schools or remote rural areas were twice as likely as
students in affluent schools or their urban and suburban peers to have slow Internet access at their schools (Horrigan 2014).

Mobile Devices

In addition to computers, mobile devices such as laptops, smartphones, and tablets are enhancing students’ access to the
Internet. Even though these Internet-connected devices have become one of the primary means with which youth interact and
learn from each other, few national data are available to describe how and with what frequency these devices are used in day-
to-day learning in and out of school. One extensive, although not nationally representative survey conducted by Project
Tomorrow (2015),[2] found that 47% of K-12 teachers reported that their students had regular access to mobile devices in
their classrooms. In terms of which types of devices students used for schoolwork during the school day, the survey found
that 58% of students used their own device, followed by school laptops (32%), school Chromebooks (16%), and school tablets
(14%) (Project Tomorrow 2015). Overall, 13% of high school and 21% of middle school students reported no access to
computers or mobile devices at school (Project Tomorrow 2015).

Digital Conversion

With the advent of Internet-connected mobile devices, schools and districts are also initiating what is called a digital
conversion within their classrooms, replacing traditional hard-copy textbooks with interactive, multimedia digital textbooks or
e-textbooks that are accessible to students through the Internet. Forty-six percent of students in grades 9-12 who responded
to Project Tomorrow’s 2015 survey reported that they were using online textbooks, compared with 30% in 2005 (Project
Tomorrow 2016). Educators are also supplementing traditional resources with videos, games, simulations, and other Internet-
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based resources. The use of academic-content videos from such services as YouTube, Khan Academy, and the National
Aeronautics and Space Administration, among others, is growing as well. In the Project Tomorrow 2015 survey, 68% of
teachers (up from 47% in 2012) reported that they regularly use videos from the Internet to augment their class lessons and
stimulate class discussion (Project Tomorrow 2016). Students also report accessing Internet videos for support with
homework, research projects, and other learning, with science (66%) and mathematics (59%) topping the list of content
accessed. The use of computer games to supplement classroom learning is also on the rise, with 48% of teachers in 2015
reporting that they used them in their classrooms, up from 30% in 2012.

Research on Effectiveness of K-12 Instructional Technology

Effects of Instructional Technology

Existing research studies about the effects of instructional technology on student learning are not comprehensive enough
to address the general question of whether technology improves student outcomes (Tamim et al. 2011). Few national studies
are available; many of the existing studies are of brief duration or are based on specific products with small and
geographically narrow samples or weak research designs. Nevertheless, some meta-analyses—studies that seek to combine
data from nonrepresentative studies into a rigorous statistical design to provide limited but more rigorous findings—have
yielded findings that suggest modest positive effects of technology on student learning.

One recent meta-analysis explored the effect of one-to-one laptop computing programs on elementary and secondary
student achievement (Zheng et al. 2016). Drawing on articles published between 2001 and 2015, this study reviewed 96
articles but only found 10 suitable for inclusion in the statistical analysis, suggesting that rigorous research about the effects
of one-to-one computing remains limited. The study found that one-to-one laptop programs had a modest effect on students’
overall academic achievement in mathematics and science (Zheng et al. 2016). These findings are aligned with the findings
from an earlier large-scale meta-analysis of all types of computer use in classrooms, which summarized 1,055 primary studies
from 1967 to 2008 and concluded that the use of computer technologies in classrooms had modest effects on student
achievement (Tamim et al. 2011).

Three meta-analyses that specifically focused on mathematics learning compared the mathematics achievement of
students taught in elementary and secondary classes using technology-assisted mathematics programs with that of students
in control classes using alternative programs or standard methods (Cheung and Slavin 2011; Li and Ma 2010; Rakes et al.
2010). All three studies found small, positive effects on student achievement when technology was incorporated into
mathematics classes. A randomized impact evaluation found that a computer-aided application improved elementary
students’ mathematics test scores (Carrillo, Onofa, and Ponce 2010). A more recent randomized field trial of seventh grade
mathematics students also found that an online mathematics homework tool combined with teacher training led to higher
mathematics achievement scores for participating students compared with those of a control group that did not have access
to the program (Roschelle et al. 2016).

Some studies also suggest that technology’s potential to improve student achievement may depend on how it is
incorporated into instruction (Cennamo, Ross, and Ertmer 2013; Ross, Morrison, and Lowther 2010; Tamim et al. 2011). One
study found that, when computing devices were used as tools to supplement the traditional curriculum, no increase in
achievement was observed; when computing devices were used as the main teaching tools in class, however, student
achievement increased (Norris, Hossain, and Soloway 2012).
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K-12 Online Learning

In addition to its potential for enhancing learning in the classroom, technology can also enable students to access
instruction remotely via the Internet. Online learning at the K-12 level ranges from programs that are fully online with all
instruction occurring via the Internet to hybrid or blended learning programs that combine face-to-face teacher instruction
with online components (Gemin et al. 2015; Watson et al. 2014). Online learning discussed in this section focuses on fully
online schools and stand-alone online courses that do not incorporate face-to-face instruction.

In the 2014-15 school year, 24 states operated virtual schools that offered supplemental online courses for students.
These schools served more than 462,000 students, who took a total of 815,000 online semester-long courses (Gemin et al.
2015). Although still a small fraction of the approximately 50 million students enrolled in K-12 public schools, this was a
significant increase since 2012-13, when 721,149 semester course enrollments were recorded. High school students took
most of these courses (85%). Math courses made up nearly 23% of the courses taken, and science courses made up 14%
(Gemin et al. 2015). Full-time virtual charter schools are another online option for students; these schools served about
275,000 students during the 2014-15 school year (Gemin et al. 2015).

A nationally representative survey of public school districts conducted by NCES in 2009 found that the top reasons for
offering online learning opportunities were to provide courses not otherwise available at their schools (64%) and to give
students opportunities to recover course credits from classes missed or failed (57%) (Queen and Lewis 2011). The survey also
found that credit recovery was especially important in urban areas, where 81% of school districts indicated that this was a very
important reason for making online learning opportunities available. Other reasons school districts gave for providing online
learning options included offering AP or college-level courses (40%), reducing scheduling conflicts for students (30%), and
providing opportunities for homebound students and those with special needs (25%).

Research on Effectiveness of Online Learning

Effects of Online Learning

Policymakers and researchers cite many potential benefits of online learning, which include increasing access to resources,
personalizing learning, and assisting struggling students (Bakia et al. 2012; Watson et al. 2013). Despite these potential
benefits, few rigorous national studies have addressed the effectiveness of online learning compared with that of traditional
teaching models at the K-12 level. One rigorous, large-scale national study of virtual charter schools was conducted by the
Center for Research on Education Outcomes (CREDO), housed at Stanford University (CREDO 2015). Researchers contrasted
the annual academic growth of students attending full-time online charter schools with that of a comparison group of
students from traditional schools who were similar in terms of grade level, sex, race or ethnicity, poverty, prior test scores, and
other attributes. The study found that students attending the online schools in the 2012-13 school year had significantly
weaker academic growth when compared with their counterparts at traditional schools (CREDO 2015). These results, however,
were specific to online charter schools and do not apply to full-time online schools operated by states and districts or to
individual online course enrollments or blended learning school models.

A common use of online learning courses is to allow students to recover credits from courses they have failed. One large
study comparing achievement outcomes for students taking an algebra credit recovery course online with students taking a
face-to-face course found weaker achievement outcomes for students taking the online course (Heppen et al. 2017). Other
recent studies have observed some positive effects for online learning, but researchers stress that teacher training and the
way in which online components are integrated into the curriculum are important variables that could affect outcomes and
that need to be the subject of more rigorous research (Barbour 2015). Although the latest research suggests that online
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schools may be meeting the needs of students who do not have access to adequate physical school and course options,
research on the effectiveness of online learning is still in a nascent state (Watson et al. 2014).

[l The Federal Communication Commission short-term goal is 100 Mbps per 1,000 students. The long-term goal is 1 Gbps per
1,000 students.

(21 The global education nonprofit, Project Tomorrow, conducts the annual Speak Up Research Project, which polls K-12
students, parents, and educators about the role of technology in learning in and out of school. In fall 2014, Project Tomorrow
surveyed 431,231 K-12 students, 35,337 parents, 41,805 teachers, 680 district administrators, and 3,207 school administrators
representing 8,216 public and private schools from 2,676 districts. Schools from urban (30%), suburban (30%), and rural (40%)
communities were represented. Just over one-half of the schools (56%) that participated in Speak Up 2014 were Title | eligible
schools (an indicator of student population poverty). In fall 2015, Project Tomorrow surveyed 415,686 K-12 students, 38,613
teachers and librarians, 4,536 administrators, and 40,218 parents representing more than 7,600 public and private schools
and 2,600 districts. Schools from urban (25%), suburban (40%), and rural (35%) communities were represented. Just over one-
half of the schools (58%) that participated in Speak Up 2015 were Title I-eligible schools.
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Transition to Higher Education

One of the most important education goals in the United States is to educate every student to graduate from high school
ready for college and a career (Achieve Inc. 2016; NCEE 2013; Pellegrino and Hilton 2012). Over the past decades, U.S. high
school graduation rates have been rising steadily, reaching 83% in 2015 (McFarland, Stark, and Cui 2016). Although high school
completion represents a major milestone for adolescents, most of today’s fastest-growing, well-paying jobs require at least
some postsecondary education (Carnevale, Smith, and Strohl 2010; Hout 2012). Young people who do not pursue education
beyond high school face fewer job opportunities, lower earnings, and a greater likelihood of being unemployed and
underemployed than their college-educated peers (Baum, Ma, and Payea 2013; Pew Research Center 2014).

Within this context, this section focuses on indicators related to U.S. students’ transitions from high school to
postsecondary education. It presents national data on on-time high school graduation rates, trends in immediate college
enrollment after high school, choice of STEM majors at the postsecondary level, and academic preparation for college. This
section also examines U.S. students’ high school graduation rates relative to those of their peers in other countries. Together,
these indicators present a broad picture of the transition of U.S. students from high school to postsecondary education.
(Higher education in S&E is the topic of Chapter 2.)

Completion of High School

Estimates of U.S. high school completion rates vary, depending on the definitions, data sources, and calculation methods
(Heckman and LaFontaine 2007; Seastrom et al. 2006). Based on a relatively inclusive definition—receiving a regular high
school diploma or earning an equivalency credential, such as a GED certificate—about 92% of the U.S. population ages 18-24
in 2013 had completed a high school education (McFarland, Stark, and Cui 2016). This is largely consistent with the experience
of a nationally representative cohort of 2002 high school sophomores; 96% of the cohort members had earned a high school
diploma or an equivalency credential by 2012 (Lauff and Ingels 2014).

Beginning with the 2010-11 school year, the Department of Education required all states to use a more restrictive
definition of high school graduation, emphasizing on-time completion and considering only recipients of regular high school
diplomas (Chapman et al. 2011). Using this definition, NCES releases two annual measures of high school completion: the
Adjusted Cohort Graduation Rate (ACGR) and the Averaged Freshman Graduation Rate (AFGR).[1] Both measures provide the
percentage of public school students who attain a regular high school diploma within 4 years of starting ninth grade, but the
ACGR is the more accurate measure because it relies on longitudinal data that track each student over time (McFarland, Stark,
and Cui 2016). The U.S. high school graduation rates discussed below are ACGRs.[?]

On-Time Graduation Rates from 2011 to 2015

The on-time graduation rate among U.S. public high school students has increased steadily since 2011 (B8 Table 1-23). In
2011, 79% of public high school students graduated on time with a regular diploma; by 2015, the percentage had climbed to
83%.

Socioeconomic status. In addition to reporting graduation rates by race or ethnicity to the federal government, states also
report rates by students who are economically disadvantaged.[3] Although on-time graduation rates for economically
disadvantaged students have improved by 6 percentage points since 2011, these students continue to graduate at lower rates
than the general population (76% versus 83%).

Race or ethnicity. Black students made the largest gain during this period, an improvement of 8 percentage points, from
67% in 2011 to 75% in 2015. Hispanic students made a gain of 7 percentage points, from 71% in 2011 to 78% in 2015, as did
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American Indian or Alaska Native students, from 65% in 2011 to 72% in 2015. White students gained 4 percentage points, and
Asian or Pacific Islander students gained 3 percentage points during this period. Despite this improvement, substantial
differences among racial and ethnic groups persisted: in 2015, the on-time high school graduation rates for Asian or Pacific
Islander and white students were 90% and 88%, respectively; and both rates surpassed those of black, Hispanic, and American
Indian or Alaska Native students (72%-78%) by at least 16 percentage points.

TABLE 1-23

On-time graduation rates of U.S. public high school students, by student characteristics: 2011-15

(Percent)
Characteristic 2011 2012 2013 2014 2015
All students 79 80 81 82 83

Race or ethnicity@

White 84 86 87 87 88
Black 67 69 71 73 75
Hispanic 71 73 75 76 78
Asian or Pacific Islander 87 88 89 89 90
American Indian or Alaska Native 65 67 70 70 72
Economically disadvantagedb 70 72 73 75 76
Limited English proficiency® 57 59 61 63 65
Students with disabilitiesd 59 61 62 63 65

@ Hispanic may be any race. American Indian or Alaska Native, Asian or Pacific Islander, black, and white refer to individuals who are not
of Hispanic origin.
b This refers to students who met the reporting states' criteria for classification as economically disadvantaged.

¢ This refers to students who met the definition of limited English proficient as outlined in the EDFacts Workbook. For more information,
see appendix B in https://www2.ed.gov/about/inits/ed/edfacts/eden/16-17-workbook-13-0.pdf.

d These students were identified as children with disabilities under the Individuals with Disabilities Education Act.

Source(s)

McFarland J, Stark P, Cui ], Trends in High School Dropout and Completion Rates in the United States: 2013, NCES 2016 117 (2016); U.S.
Department of Education, National Center for Education Statistics, Common Core of Data data tables, https://nces.ed.gov/ccd/tables/
ACGR_RE_and_characteristics_2013-14.asp and https://nces.ed.gov/ccd/tables/ACGR_RE_and_characteristics_2014-15.asp, accessed 27
February 2017.

Science and Engineering Indicators 2018
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High School Graduation Rates in the United States and Other OECD Nations

The OECD estimates upper secondary graduation rates for its members and selected nonmember countries by dividing the
number of graduates in a country in a specific year by the number of people at the typical graduation age (OECD 2016).[4]
These estimates enable a broad, albeit imperfect, comparison between the United States and other countries.[5] Based on
2014 data, U.S. graduation rates are lower than those of many OECD countries. Among the 25 OECD nations with available
data on graduation rates in 2014, the United States ranked 19th, with a graduation rate of 82%, compared with the OECD
average of 85% (i Table 1-24). The top-ranked countries, listed in order of rank, are Finland, Japan, New Zealand, Netherlands,

South Korea, Denmark, Italy, Germany, and Slovenia—all of which had graduation rates of 90% or higher.

Furthermore, the relative standing of U.S. high school graduation rates has stayed largely the same from 2008 to 2014.
Among the 18 OECD countries for which graduation rate data were available in 2008, 2010, 2012, and 2014, the United States
ranked 13th in 2008, 14th in 2010 and 2012, and 12th in 2014 (B Table 1-25).
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TABLE 1-24 B

High school graduation rates, by OECD country: 2014

(Percent)
Country High school graduation rate
OECD average? 85.4
Finland 96.9
Japan 96.7
New Zealand 95.5
Netherlands 94.8
South Korea 94.6
Denmark 94.0
Italy 93.0
Germany 90.7
Slovenia 90.0
Austria 89.7
Israel 89.6
Iceland 89.3
CanadaP 88.7
Hungary 87.8
Chile 87.7
Norway 84.3
Slovakia 82.6
Poland 82.5
United States 81.9
Spain 74.4
Czech Republic 74.0
Luxembourg 73.9
Sweden 68.7

Turkey 67.6
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Country High school graduation rate

Mexico 51.3

OECD = Organisation for Economic Co-operation and Development.
@ OECD average is based on all OECD countries with available data.

b Graduation rate is for 2013.

Note(s)

To generate estimates that are comparable across countries, OECD calculated high school graduation rates by dividing the number of
first-time graduates (of any age) completing upper secondary education programs in the country by the population of the typical
graduation age, which OECD refers to as the age of the students at the beginning of the school year (e.g., 17 years old in the United
States). Countries are ordered by 2014 high school graduation rate.

Source(s)
OECD, Education at a Glance: OECD Indicators 2016 (2016).
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TABLE 1-25 FH

Relative standing of U.S. high school graduation rates among OECD countries: 2008, 2010, 2012,
and 2014

(Percent)

Year OECD country High school graduation rate
Germany 97
Japan 95
Finland 93
South Korea 93
Norway 91
Iceland 89
Czech Republic 87
Italy 85
Denmark 83

2008
Poland 83
Slovakia 81
Hungary 78
United States 77
Sweden 76
Luxembourg 73
Spain 73
Mexico 44
Turkey 26
Japan 96
South Korea 94
Finland 93

2010
Iceland 88
Germany 87

Norway 87
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Year

2012

OECD country
Denmark
Hungary
Slovakia
Poland

Italy

Spain

Czech Republic
United States
Sweden
Luxembourg
Turkey

Mexico
Germany
Iceland
Hungary
Finland

Japan

Spain
Denmark
South Korea
Norway
Slovakia
Poland

Italy

Czech Republic
United States

Sweden

High school graduation rate
86
86
86
84
83
80
79
77
75
70
54
47
95
95
94
93
93
93
92
92
88
86
85
84
82
79

77
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Year

2014

OECD = Organisation for Economic Co-operation and Development.

Note(s)

OECD country
Luxembourg
Turkey
Mexico
Finland
Japan

South Korea
Denmark
Italy
Germany
Iceland
Hungary
Norway
Poland
Slovakia
United States
Czech Republic
Luxembourg
Spain
Sweden
Turkey

Mexico

High school graduation rate
69
55
47
97
97
95
94
93
91
89
88
84
83
83
82
74
74
74
69
68

51

Data include only OECD countries with available data in all 4 years. Countries whose percentages are tied are listed alphabetically.

Source(s)

Organisation for Economic Co-operation and Development, Education at a Glance: OECD Indicators 2008 (2008), Education at a Glance:
OECD Indicators 2010 (2010), Education at a Glance: OECD Indicators 2012 (2012), and Education at a Glance: OECD Indicators 2014

(2014).
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Enrollment in Postsecondary Education

After completing high school, some students immediately enter the workforce, join the military, or start families, but the
majority go directly into postsecondary education (Ingels et al. 2012). Of the 3 million students who completed high school or
a GED in 2015, some 2.1 million (69%) enrolled in a 2- or 4-year college the following fall (Kena et al. 2016). This rate, known as
the immediate college enrollment rate, is defined as the annual percentage of high school completers aged 16 to 24, including
GED recipients, who enroll in 2- or 4-year colleges by the October after high school completion.

Between 1975 and 2015, the percentage of high school graduates making an immediate transition to college increased
from 51% to 69% (liFigure 1-8). In each year, more students enrolled in 4-year institutions than in 2-year institutions.
Immediate enroliment rates between 1975 and 2015 increased from 33% to 44% for 4-year institutions and from 18% to 25%

for 2-year institutions.



.2 National Science Board | Science & Engineering Indicators 2018 11100

| cHAPTER 1 | Elementary and Secondary Mathematics and Science Education

FIGURE 1-8 lll

Immediate college enrollment rates among high school graduates, by institution type: 1975-
2015
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The figure includes students ages 16 to 24 who completed high school in each survey year. Immediate college enrollment rates are
defined as rates of high school graduates enrolled in college in October after completing high school. Before 1992, high school
graduates referred to those who had completed 12 years of schooling. As of 1992, high school graduates are those who have

received a high school diploma or equivalency certificate. Detail may not sum to total due to rounding.

Source(s)
The Condition of Education, tables 302.10, 302.20, 302.30, https://nces.ed.gov/programs/coe/indicator_cpa.asp, accessed 3 May
2017. See Appendix Table 1-27.
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Socioeconomic status. Enrollment gaps, however, persisted among students of different socioeconomic backgrounds
(Appendix Table 1-27): in 2015, the immediate college enrollment rate of students from low-income families was lower than
the rate of those from high-income families (69% versus 83%).

Race or ethnicity. Since 1975, the immediate college enroliment rate has increased from 49% to 70% for white students,
45% to 63% for black students, and 53% to 67% for Hispanic students. Asians or Pacific Islanders enrolled at consistently
higher rates than all other groups since 2003, when data on Asian and Pacific Islander students were first available.

Sex. The immediate college enroliment rate in 2015 was higher for female students (73%) than for male students (66%).
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Other characteristics. Enrollment rates also varied widely with parental education, ranging in 2015 from 56% for students
whose parents had less than a high school education to 82% for students whose parents had a bachelor’s or higher degree.

Preparation for College

Although the majority of U.S. students attend college after high school, high rates of remedial coursetaking and low rates
of college completion indicate that many of them are not well prepared during their high school years for college (Chen 2016).
Research indicates that many college students arrive on campus lacking the necessary academic skills to perform at the
college level. Postsecondary institutions address this problem by offering remedial courses designed to strengthen students’
basic skills. Students must pass these remedial courses before they can begin taking credit-bearing courses that count toward
their degree. In 2011-12, about 29% of students at public 4-year institutions and 41% at public 2-year institutions reported
having ever taken remedial courses (Skomsvold 2014).

In 2016, Achieve Inc., an independent, nonprofit education reform organization, conducted the first state-by-state analysis
of student performance on college- and career-ready measures (including performance on assessments, completion of a
rigorous course of study, and earning college credit while in high school) and determined that “too few high school graduates
are prepared to succeed in postsecondary education” (Achieve Inc. 2016: 1). Student scores on such assessments as NAEP and
ACT also suggest that a majority of high school students are not academically prepared for college-level mathematics and

science coursework (see sidebar B Measuring College Readiness in Mathematics and Science).
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SIDEBAR B

Measuring College Readiness in Mathematics and Science

The ACT is a national college admissions examination that consists of subject-area tests in English, mathematics, reading,
and science. In 2016, 64% of the high school graduating class took the ACT (ACT 2016). The ACT organization has
established College Readiness Benchmarks, which are the minimum scores students need to have a high probability of
success in the credit-bearing college courses most commonly taken by first-year college students.” ACT drew on college
performance data from 214 institutions and 230,000 students to establish its benchmarks. Although not representative
of the entire high school population, performance on these benchmarks gives insight into how well prepared a majority
of the nation’s students are to succeed in college-level mathematics and science. In 2016, ACT reported that 41% of ACT
takers met the college readiness benchmark in mathematics, and 36% met the college readiness benchmark in science
(hFigure 1-A). These percentages varied substantially by race or ethnicity, with 70% of Asian ACT takers meeting the
mathematics benchmark, compared with 50% of white students, 27% of Hispanic students, and 13% of black students.
Similar disparities were seen in the percentages of students meeting the science benchmark, with 56% of Asian students
meeting the benchmark, compared with 46% of white students, 21% of Hispanic students, and 11% of black students.



National Science Board | Science & Engineering Indicators 2018 11103

| cHAPTER 1 | Elementary and Secondary Mathematics and Science Education

FIGURE 1-A ol

ACT-tested 2016 high school graduates meeting ACT college readiness benchmarks in
mathematics and science
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Source(s)

ACT, 2016. The Condlition of College and Career Readiness 2016. lowa City, IA, https://www.act.org/content/dam/act/
unsecured/documents/CCCR_National_2016.pdf. Accessed 27 February 2017.
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Other measures of college readiness support the ACT findings. National Association of Educational Progress (NAEP)
college-ready indicators provide readiness estimates based on a nationally representative sample of students. The
National Assessment Governing Board (NAGB), which sets policy for NAEP, began using NAEP in 2013 to estimate the
percentage of grade 12 students who possess the knowledge and skills in reading and mathematics that would make
them academically prepared for first-year college coursework. NAGB conducted a decade of research to determine the
NAEP scores students need to earn to demonstrate college readiness. According to results from the 2015 NAEP, an
estimated 37% of twelfth graders were prepared for college-level coursework in mathematics (Kena et al. 2016), a finding
similar to that of ACT and one that is echoed in Achieve Inc.’s 50-state analysis of student performance on college
readiness indicators. Achieve found that, even in the highest performing state, only 42% of students were ready for
college-level work in mathematics (Achieve Inc. 2016).

* Students who meet the mathematics or science benchmark on the ACT have approximately a 75% chance of earning a
C or better in the credit-bearing college-level mathematics or science courses most commonly taken by college students
(e.g., college algebra and biology).
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High School Completers Planning to Pursue a STEM Major in College

With the goals of maintaining global competitiveness and enhancing capacity for innovation, U.S. policymakers have called
for increasing the number and diversity of students pursuing degrees and careers in STEM fields. Data from HSLS:09 gave
insight into the percentage of high school students planning to major in STEM fields in college. Among respondents who
reported plans to pursue a bachelor's degree, 32% indicated plans to pursue a STEM major (Appendix Table 1-28). Asian
students were the most likely to identify a STEM major, with 53% of bachelor’s degree program respondents identifying a
STEM major, compared with 32% of white students, 28% of Hispanic students, and 23% of black students. A higher percentage
of male (41%) than female (24%) bachelor’s degree program respondents identified a STEM major.

1 To calculate the ACGR, states identify the “cohort” of first-time ninth graders in a particular school year and adjust this
number by adding any students who transfer into the cohort after ninth grade and subtracting any students who transfer out,
emigrate to another country, or die. The ACGR is the percentage of the students in this cohort who graduate with a high
school diploma within 4 years. The AFGR uses aggregate student enrollment data to estimate the size of an incoming
freshman class, which is the sum of eighth grade enrollment in the first year, ninth grade enroliment for the next year, and
tenth grade enrollment for the year after, and then dividing by three. The AFGR is the number of high school diplomas
awarded 4 years later divided by the estimated incoming freshman class size.

(21 The earlier editions of Science and Engineering Indicators reported U.S. high school graduation rates based on AFGR
because the student-level records needed to calculate the ACGR were not available at a state level until recent years.

[3] See https://nces.ed.gov/pubs2016/2016117rev.pdf for a definition of economically disadvantaged.

[41 Upper secondary education, as defined by the OECD, corresponds to high school education in the United States. In
calculating the U.S. graduation rates, the OECD included only students who earned a regular diploma and excluded those who
completed a GED certificate program or other alternative forms of upper secondary education. The OECD defines the typical
graduation age as the age of the students at the beginning of the school year: when they graduate at the end of the school
year, students will generally be 1 year older than the age indicated. According to the OECD, the typical graduation age in the
United States is 17 years old. The U.S. high school graduation rates calculated by the OECD cannot be directly compared with
U.S. on-time graduation rates because of the different population bases and calculation methods for the two measures.

[5] International comparisons are often difficult because of differences among education systems, types of degrees awarded
across countries, and definitions used in different countries. Some researchers have pinpointed various problems and
limitations of international comparisons and warned readers to interpret data, including those published by the OECD, with
caution (Adelman 2008; Wellman 2007).


https://nces.ed.gov/pubs2016/2016117rev.pdf
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Conclusion

Raising overall student achievement, reducing performance gaps among different groups, increasing advanced
coursetaking, recruiting more STEM teachers, and improving college readiness in mathematics and science are high priorities
for education reform across the United States. How well does this country perform in these areas? The indicators in this
chapter present a mixed picture of the status and progress of elementary and secondary mathematics and science education
in the United States. E Table 1-26 provides an overall summary of the data presented in this chapter. It shows that despite
efforts at reform, there are substantial disparities in STEM performance and opportunity based on students’ race or ethnicity
and SES. Some disparities persist between male and female students, though the differences are small relative to the
disparities by race or ethnicity and SES. In the international arena, the United States performs in the middle of the pack among
developed countries on the TIMSS assessments but at the bottom on PISA. B Table 1-27 shows that U.S. performance overall
in STEM has mostly improved over the long term, though short-term trends show some plateaus and downturns. Following is
a summary of the chapter findings by major indicators.
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TABLE 1-26 FH

Chapter summary of U.S. performance on K-12 STEM indicators

(Score, percentile, and gaps between groups)

Data year

2015

2015

2015

2015

2015

2015

2014

2014

2014

2015

2015

2015

2015

2015

Assessment

NAEP Mathematics Grade 4

NAEP Mathematics Grade 8

NAEP Mathematics Grade 12

NAEP Science Grade 4

NAEP Science Grade 8

NAEP Science Grade 12

NAEP TEL Grade 8

ECLS-K:2011 Mathematics Grade 3

ECLS-K:2011 Science Grade 3

TIMSS Mathematics Grade 4

TIMSS Mathematics Grade 8

TIMSS Science Grade 4

TIMSS Science Grade 8

TIMSS Advanced Mathematics

National Science Board | Science & Engineering Indicators 2018

Scale

0 to 500

0 to 500

0 to 300

0 to 300

0to 300

0to 300

0 to 300

0to 135

0to 87

0to 1,000

0to 1,000

0to 1,000

0to 1,000

0to 1,000

Average score or percentage

240
282
152
154
154
150
150

99

56
535
518
546
530

485

10th percentile

202
235
107
108
109
103
104

NA

NA
432
408
439
421

352

90th percentile

277
329
196
196
195
196
193

NA

NA
640
624
644
631

608

Point range 10th to 90th

75
94
89
88
86
93
89
NA
NA
208
216
205
210

256

High and low SES?

High
253
296
160
169
167
160
163
103

59
600
573
603
579

534

Low

229

268

137

140

140

134

135

93

51

499

477

502

489

425

Gap
24
28
23
29
27
26
28

10

101
96
101
90

109

White

248

292

160

166

166

160

160

103

59

541

559

570

557

495

Gaps between

White and black and Hispanicb

Black

224

260

130

133

132

125

128

90

50

462

495

501

469

400

Gap
24
32
30
33
34
35

32

79
64
69
88

95

Hispanic
230
270
139
139
140
136
138

94
52
492
515
518
502

440

Gap

22
21
27
26
24

22

49
44
52
55

55

Male and female

Male

241

282

153

154

155

153

149

101

56

543

519

548

533

500

Female

239

282

150

154

152

148

151

97

55

536

517

544

527

470

11106

Gap

30
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Gaps between
Data year Assessment Scale Average score or percentage 10th percentile 90th percentile Point range 10th to 90th High and low SES?@ White and black and Hispanicb Male and female

High | Low | Gap White Black | Gap Hispanic| Gap Male Female | Gap

2015 TIMSS Advanced Physics 0to 1,000 437 283 589 306 506 363 143 463 334 129 390 73 455 409 46
2015 PISA Mathematics (age 15) 0to 1,000 470 355 585 230 517 431 86 499 419 80 446 53 474 465 9
2015 PISA Science (age 15) 0to 1,000 496 368 626 258 546 457 89 531 433 98 470 61 500 493 7

Highest course enrollment® (%)

2013 Calculus or higher na 19 na na na 37 9 28 22 9 13 15 7 19 19 0
2013 AP/ IB or advanced science na 21 na na na 38 11 27 23 14 9 16 7 20 23 3

Transition to postsecondary (%)

2015 On-time high school graduationd na 83 na na na NA NA NA 88 75 13 78 10 NA NA NA
2015 Immediate college enroliment® na 69 na na na 83 69 14 70 63 7 67 2 66 73 7
2016 College ready in mathematics’ na 41 na na na NA NA NA 50 13 37 27 23 NA NA NA
2016 College ready in science na 36 na na na NA NA NA 46 11 35 21 25 NA NA NA

NA = not available; na = not applicable.

AP = Advanced Placement/International Baccalaureate; ECLS-K:2011 = Early Childhood Longitudinal Study, Kindergarten Class of 2010-11 (see Appendix Table 1-14 and Appendix Table 1-15); NAEP = National Assessment of Educational Progress (see Appendix Table 1-1 and Appendix Table 1-3);
NAEP TEL = National Assessment of Educational Progress, technology and engineering literacy (see Appendix Table 1-5); PISA = Program for International Student Assessment (see Table 1-11); SES = socioeconomic status; STEM = science, technology, engineering, and mathematics; TIMSS = Trends

in International Mathematics and Science Study (see Table 1-6 and Table 1-8).
aSES is a composite variable derived from parental education level, parental occupation, and family income.
b Hispanic may be any race. Black and white refer to individuals who are not of Hispanic origin.

¢ Highest mathematics and science course enroliment of high school completers from High School Longitudinal Study of 2009. See Appendix Tables 1-23 and 1-25.
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d'See Table 1-23.
€ See Appendix Table 1-27.

fsee Figure 1-9.
Note(s)

Scales are different for each assessment and are not comparable across grades or assessments. Please use caution when interpreting results.
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TABLE 1-27 B

Summary of long- and short-term trends in U.S. performance on K-12 STEM indicators

(Trend)
Long-term trend Short-term trend

Assessment

Date span Trend Date span Trend
NAEP Mathematics Grade 4 1990-2015 A 2013-15 v
NAEP Mathematics Grade 8 1990-2015 A 2013-15 v
NAEP Mathematics Grade 12 2005-15 = 2013-15 v
NAEP Science Grade 4 2009-15 A na na
NAEP Science Grade 8 2009-15 A 2011-15 A
NAEP Science Grade 12 2009-12 = na na
TIMSS Mathematics Grade 4 1995-2015 A 2011-15 =
TIMSS Mathematics Grade 8 1995-2015 A 2011-15 A
TIMSS Science Grade 4 1995-2015 = 2011-15 =
TIMSS Science Grade 8 1995-2015 A 2011-15 =
TIMSS Advanced Mathematics 1995-2015 = na na
TIMSS Advanced Physics 1995-2015 = na na
PISA Mathematics (age 15) 2003-15 = 2012-15 \Y
PISA Science (age 15) 2006-15 = 2012-15 =
On-time high school graduation? 2011-15 A 2014-15 A
Immediate college enrollment® 1990-2014 A 2013-14 A

= = indicates no significant change; A = upward trend in scores; v = downward trend in scores; na = not applicable because data are
available for only two time points, so long term is the only trend.

NAEP = National Assessment of Educational Progress (see Appendix Table 1-1 and Appendix Table 1-3); PISA = Program for International
Student Assessment (see Figure 1-5); STEM = science, technology, engineering, and mathematics; TIMSS = Trends in International

Mathematics and Science Study (see Figure 1-3 and Figure 1-4).
aSee Table 1-23.
bsee Appendix Table 1-27.
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NAEP mathematics assessment results show that average mathematics scores for fourth, eighth, and twelfth graders
remained relatively flat over the past decade and then declined slightly from 2013 to 2015. These declines are the first since
1990 for fourth and eighth graders and since 2005 for twelfth graders. NAEP science results for fourth and eighth graders
were more encouraging, with increases of 4 points in average scores since 2009, although average scores for twelfth graders
did not change during the same period. NAEP data indicate that achievement gaps persisted in the United States: low-SES,
black, and Hispanic students trailed their peers by large margins, and male students slightly outperformed female students on
most NAEP exams. Data from ECLS-K:2011 showed patterns similar to those from NAEP with respect to performance by
different subgroups: high-SES students outscored low-SES students, Asian and white students outscored black and Hispanic
students, and male students slightly outscored female students. Gaps that were evident between disadvantaged and
advantaged groups in kindergarten and first grade remained through the end of third grade.

In the international arena, the nation’s fourth graders scored in the top quarter of all participating education systems in
mathematics and science on the 2015 TIMSS assessments, although their scores in either subject did not improve since the
last administration in 2011. U.S. eighth graders also performed in the top quarter of participating education systems in 2015
and improved in mathematics but not in science since 2011. U.S. 15-year-olds’ performance on PISA in 2015 declined in
mathematics and did not change significantly in science when compared with the last administration in 2012. The United
States scored lower than 36 education systems in mathematics and 18 in science.

Efforts to improve student achievement include raising high school graduation requirements and increasing advanced
coursetaking. These efforts are meeting with some success. Most high school completers are taking mathematics courses
through at least algebra 2 and science courses through chemistry by the time they finish high school. The number of students
taking mathematics and science AP exams continues to grow, with the number of students taking at least one of these exams
nearly doubling in the past decade. Despite these gains, significant demographic gaps persist. Black and Hispanic students
and students from disadvantaged economic backgrounds take fewer advanced courses and are more likely to attend schools
that do not offer advanced courses. Although male and female students have reached parity in many areas, female students
lag behind their male counterparts in taking advanced courses in specific fields of science such as AP physics.

Attracting and retaining high-quality STEM teachers continues to be a focus of educators and policymakers, as evidenced
by the inclusion in ESSA of multiple provisions related to STEM teachers. The law allows states to use differential pay to attract
STEM teachers and provides grants to create STEM master teacher corps, among other incentives. A recent international
analysis suggests that the United States ranks low among developed countries with respect to the ratio of teachers’ salaries to
the salaries of other educated workers, which may play a role in STEM teacher recruitment and retention.

Recent federal and state policies encourage greater use of technology throughout the education system to improve
students’ learning experiences. The use of instructional technology in K-12 classrooms has been growing rapidly. Many school
districts have invested in technology such as computers and mobile devices, and more than two-thirds of school district
technology administrators indicated that all the schools in their system fully met Internet bandwidth recommendations for
public schools in 2016. Rigorous research on the effects of instructional technology and online learning shows some modest
positive effects on student mathematics learning, but more research is needed to determine which technologies are effective
and under what conditions.

Ensuring that students graduate from high school and are ready for college or the labor market is an important goal of
high school education in the United States. U.S. on-time high school graduation rates have shown steady improvement,
reaching 83% by 2015. In the broad international context, the United States ranked 19th in graduation rates among 25 OECD
countries with available data in 2014. The vast majority of high school seniors expect to attend college after completing high
school, and many do so directly after high school graduation. Achievement data suggest, however, that the majority of college-
bound students are not academically prepared for success in mathematics and science coursework at the college level.
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Glossary

Definitions

Advanced Placement (AP): Courses that teach college-level material and skills to high school students who can earn college
credits by demonstrating advanced proficiency on a final course exam. The College Board develops curricula and exams for AP
courses, available for a wide range of academic subjects.

Blended learning: Any time a student learns at least in part at a supervised, traditional school location away from home and at
least in part through online delivery with some element of student control over time, place, path, and/or pace; often used

synonymously with “hybrid learning.”

Distance education: A mode of delivering education and instruction to students who are not physically present in a traditional
setting such as a classroom. Also known as “distance learning,” it provides access to learning when the source of information
and the learners are separated by time and/or distance.

Elementary school: A school that has no grades higher than 8.

Eligibility for National School Lunch Program: Student eligibility for this program, which provides free or reduced-price lunches,
is a commonly used indicator of family poverty. Eligibility information is part of the administrative data schools keep and is
based on parent-reported family income and family size.

English language learner: An individual who, because of any of the following reasons, has sufficient difficulty speaking,
reading, writing, or understanding the English language to be denied the opportunity to learn successfully in classrooms
where the language of instruction is English or to participate fully in the larger U.S. society. Such an individual (1) was not born
in the United States or has a native language other than English, (2) comes from environments where a language other than
English is dominant, or (3) is an American Indian or Alaska Native and comes from an environment where a language other
than English has had a significant effect on the individual's level of English language proficiency.

GED certificate: This award is received after successfully completing the General Educational Development (GED) test. The GED
program, sponsored by the American Council on Education, enables individuals to demonstrate that they have acquired a level
of learning comparable with that of high school graduates.

High school: A school that has at least one grade higher than 8 and no grade in K-6.

High school completer: An individual who has been awarded a high school diploma or an equivalent credential, including a
GED certificate.

High school diploma: A formal document regulated by the state certifying the successful completion of a prescribed secondary
school program of studies. In some states or communities, high school diplomas are differentiated by type, such as an

academic diploma, a general diploma, or a vocational diploma.
Middle school: A school that has any of grades 5-8, no grade lower than 5, and no grade higher than 8.
Online learning: Education in which instruction and content are delivered primarily over the Internet.

Organisation for Economic Co-operation and Development (OECD): An international organization of 34 countries
headquartered in Paris, France. The member countries are Australia, Austria, Belgium, Canada, Chile, Czech Republic, Estonia,
Denmark, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, South Korea, Luxembourg, Mexico,
the Netherlands, New Zealand, Norway, Poland, Portugal, Slovak Republic, Slovenia, Spain, Sweden, Switzerland, Turkey,
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United Kingdom, and United States. Among its many activities, the OECD compiles social, economic, and science and

technology statistics for all member and selected nonmember countries.

11112

Postsecondary education: The provision of a formal instructional program with a curriculum designed primarily for students

who have completed the requirements for a high school diploma or its equivalent. These programs include those with an

academic, vocational, or continuing professional education purpose and exclude vocational and adult basic education

programs.

Remedial courses: Courses taught within postsecondary education that cover content below the college level.

Repeating cross-sectional studies: This type of research focuses on how a specific group of students performs in a particular

year, then looks at the performance of a similar group of students at a later point. An example would be comparing fourth

graders in 1990 with fourth graders in 2011 in NAEP.

Scale score: Scale scores place students on a continuous achievement scale based on their overall performance on the

assessment. Each assessment program develops its own scales.

Key to Acronyms and Abbreviations

ACGR: adjusted cohort graduation rate

AFGR: averaged freshman graduation rate

AP: Advanced Placement

CRDC: Civil Rights Data Collection

CREDO: Center for Research on Education Outcomes
ECLS-K: Early Childhood Longitudinal Study-Kindergarten
ESSA: Every Student Succeeds Act

GED: General Educational Development

HSLS: High School Longitudinal Study

IB: International Baccalaureate

IEA: International Association for the Evaluation of Educational Achievement
K-12: kindergarten through 12th grade

NAEP: National Assessment of Educational Progress
NAGB: National Assessment Governing Board

NCES: National Center for Education Statistics

NRC: National Research Council

NSF: National Science Foundation

NSLP: National School Lunch Program

NTPS: National Teacher and Principal Survey

OECD: Organisation for Economic Co-operation and Development
PISA: Program for International Student Assessment

SASS: Schools and Staffing Survey
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SES: socioeconomic status

STEM: science, technology, engineering, and mathematics
TEL: technology and engineering literacy

TIMSS: Trends in International Mathematics and Science Study

UK: United Kingdom
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Highlights

Characteristics of the U.S. Higher Education System

A disproportionate number of S&E bachelor’s, master’s, and doctorate degree holders graduate from a small number of
universities with very high levels of research activity. But other types of institutions are making substantial contributions
to educating the nation’s S&E graduates. In 2015:

Institutions with very high research activity awarded 72% of doctoral degrees, 42% of master’s degrees, and 37% of
bachelor’s degrees in S&E fields.

Master’s-level colleges and universities awarded 28% of S&E bachelor’s degrees and 25% of S&E master's degrees; 4-
year colleges supplied the rest.

Minority-serving institutions play an important role in underrepresented minorities' educational and career
pathways. About 30% of Hispanic S&E doctorate recipients who earned their doctorates between 2011 and 2015 had
obtained their baccalaureate credential at a high-Hispanic-enrollment institution, and 24% of black S&E doctorate
recipients who received their doctorates in the same period had obtained their baccalaureate degree at a historically
black college or university.

Nearly one in five U.S. citizens or permanent residents who received an S&E doctoral degree from 2011 to 2015 had
earned some college credit from a community or 2-year college.

Higher education spending and revenue patterns and trends continue to undergo substantial changes with a higher
share of total costs borne by students and parents.

Between 2000 and 2015, average revenue per full-time equivalent (FTE) student from net tuition at public very high
research universities nearly doubled, whereas state and local appropriations fell by 34%.

Although tuition remained lower at public very high research universities than at their private counterparts, average
revenue from student tuition increased more rapidly at public institutions.

In public very high research universities, revenues from federal appropriations, grants, and contracts per FTE
student grew by 11% between 2000 and 2015, and research expenditures per FTE student grew by the same
percentage (11%). In private very high research universities, revenues from federal appropriations, grants, and
contracts per FTE student grew by 14%, and research expenditures per FTE student increased by 25%.

Between 2008 and 2010, during a period largely coinciding with the economic recession, expanding enroliment in
community colleges, coupled with reductions in state and local appropriations, contributed to a 9% reduction in
instructional spending per FTE student. Instructional spending per FTE student continued to decline in 2011 but
increased by 14% between 2012 and 2015, while enrollment declined as the U.S. economy improved.

Between 2006-07 and 2016-17, estimated average net tuition and fees paid by full-time undergraduate students in
public 4-year colleges increased by about 30% after adjusting for inflation.

With rising tuition, students rely on financial aid and loans to fund their education. Undergraduate debt varies by
type of institution and state. Overall, it does not vary much by field of study.

Levels of debt among doctorate recipients vary by field. In S&E fields, high levels of graduate debt were most
common among doctorate recipients in social sciences, psychology, and medical and other health sciences.



| cHAPTER2 | Higher Education in Science and Engineering

+ Atthe time of doctoral degree conferral, 43% of 2015 S&E doctorate recipients had debt related to their
undergraduate or graduate education.

Undergraduate Education, Enrollment, and Degrees
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Undergraduate enrollment in U.S. higher education rose from 13.3 million in 2000 to 17.3 million in 2015. The largest
increases occurred in 2000-02 and 2008-10 and thus coincided with the two economic downturns, continuing a well-
established pattern seen in earlier economic downturns. Enrollment peaked at 18.3 million in 2010 but has since
declined.

+ Associate’s colleges enroll the largest number of students, followed by master’s colleges and universities and
doctorate-granting institutions with very high research activity.

* Increased enrollment in higher education is projected to come mainly from minority groups, particularly Hispanics.

The number of S&E associate’s degrees increased from 38,000 to 91,000 between 2000 and 2015. During this period, the
growth of S&E degrees at the associate’s level (136%) was higher than growth at the bachelor’s (63%), master’s (88%), and
doctoral levels (60%).

* In 2015, about 9% of the associate’s degrees awarded were in S&E, and another 14% were awarded in S&E
technologies.

+  Since 2000, the number of associate’s degrees in S&E technologies, which have a more applied focus, grew by 72%,
to 144,000. Nearly three-quarters of these associate’s degrees are in health technologies, and close to one-quarter
are in engineering technologies.

The number of S&E bachelor’s degrees has risen steadily in the United States over the past 15 years, peaking at more
than 650,000 in 2015. S&E degrees continued to account for about one-third of all bachelor’s degree awards during this
period.

« Al S&E fields experienced increases in the numbers of bachelor’s degrees awarded in 2015, including computer
sciences, which had declined sharply in the mid-2000s and had remained flat through 2009.

+  Women have earned about 57% of all bachelor’s degrees and about half of all S&E bachelor’s degrees since the late
1990s. Men earn the majority of bachelor’s degrees in engineering, computer sciences, mathematics and statistics,
and physics, and women earn the majority in the biological, agricultural, and social sciences and in psychology.

The racial and ethnic composition of those earning S&E bachelor’s degrees is changing, reflecting population changes
and increases in college attendance among members of minority groups.

«  For all racial and ethnic groups, the total number of bachelor’s degrees earned, the number of S&E bachelor’s
degrees earned, and the number of bachelor’s degrees in most broad S&E fields have increased since 2000.

+  Between 2000 and 2015, the share of bachelor’s degrees awarded to Hispanics among U.S. citizens and permanent
residents increased from 7% to 13%, in S&E and in all fields combined, and remained steady at about 1% for
American Indians and Alaska Natives. In the same period, the share of bachelor’s degrees awarded to blacks
remained stable at 9% in S&E fields but increased from 9% to 10% in all fields.
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The number of international undergraduate student enrollment in U.S. academic institutions increased consistently
between fall 2012 and fall 2016 but fell 2% between fall 2016 and fall 2017.

The decline in international undergraduate enrollment between 2016 and 2017 is due solely to a decline in
enrollment in non-S&E fields—enrollment in S&E fields held steady over this time.

In the most recent academic year, the number of international visa holders increased in computer sciences and
mathematics (by 11% and 5% respectively) but declined in engineering (5%), social sciences (3%), and non-S&E fields
(4%).

In fall 2017, China, Saudi Arabia, India, South Korea, and Kuwait were the top countries sending S&E undergraduates
to the United States, as in the previous year. Compared to fall 2016, the number of undergraduates from China,
India, and Kuwait enrolled in fall 2017 declined (by 3%, 11%, and 4% respectively) while the number from Saudi
Arabia and South Korea declined (by 18% and 7% respectively).

Among students who began postsecondary education in 4-year colleges and universities in 2011-12, about 76% were still
enrolled 3 years later, either at their first institution or at another and 6% had earned either an associate’s or a
bachelor’s degree.

Among students in 4-year institutions, those who had declared an S&E major were more likely to be enrolled 3 years
later than those who had declared a non-S&E major.

Among students in 2-year institutions, the level of degree attainment or continued enrollment did not vary much by
the broad field of major that beginning students had declared in their first year of postsecondary study. However,
students who had been undecided about their major early on were more likely than other students to have dropped
out 3 years later.

Graduate Education, Enrollment, and Degrees

Graduate enrollment in S&E increased from about 493,000 to almost 668,000 between 2000 and 2015.

Graduate enrollment grew in most S&E fields, with particularly strong growth in computer sciences, mathematics
and statistics, medical sciences, and engineering.

Since 2008, enrollment of international students in S&E fields has been rising, while graduate enrollment of U.S.
citizens and permanent residents has declined overall. In 2015, international students accounted for 36% of S&E
graduate students, compared with 26% in 2008.

In 2015, the federal government was the primary source of financial support for 15% of full-time S&E graduate students,
the lowest proportion since at least 2000.

The recent decline in the share of S&E graduate students who rely primarily on federal financial support was
especially pronounced in the biological sciences (from 36% in 2000 to 26% in 2015), the physical sciences (from 35%
in 2000 to 27% in 2015), and the medical sciences (from 22% in 2000 to 9% in 2015).

In 2015, the federal government funded 55% of S&E graduate students who were primarily supported with
traineeships, 45% of those with research assistantships, and 22% of those with fellowships.

Graduate students in the biological sciences, the physical sciences, and engineering received relatively more federal
financial support than those in computer sciences, mathematics and statistics, medical and other health sciences,
psychology, and social sciences.
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The number of international graduate students in U.S. academic institutions had increased consistently between fall
2012 and fall 2016 but declined by 6% in S&E fields and by 5% in non-S&E fields by fall 2017.

Between fall 2016 and fall 2017, the number of international graduate students enrolled in S&E fields declined in
computer sciences and engineering, increased in mathematics, and remained stable in other S&E fields.

A larger proportion of international graduate students than international undergraduate students enrolled in S&E.
More than 6 in 10 international graduate students in the United States in fall 2017 were enrolled in S&E fields,
compared with about 4 in 10 international undergraduates.

In fall 2017, 69% of the international S&E graduate students in the United States came from China and India, similar
to prior years.

Master’s degrees awarded in S&E fields increased from about 96,000 in 2000 to more than 180,000 in 2015.

The number of master’s degrees awarded in engineering in 2015 was the highest in the last 16 years. The number of
master’s degrees in computer sciences awarded in 2015 surpassed its peak in 2004.

Increases occurred in most major S&E fields, with the largest in mathematics and statistics, biological sciences,
computer sciences, and engineering.

The number and percentage of master’'s degrees awarded to women in most major S&E fields have increased since
2000.

The number of S&E master's degrees awarded increased for all racial and ethnic groups from 2000 to 2015. While
the proportion of degrees earned by blacks and Hispanics increased, that of American Indians or Alaska Natives
remained flat, and those of whites and Asians and Pacific Islanders declined.

In 2015, U.S. academic institutions awarded about 45,000 S&E doctorates, up from nearly 28,000 in 2000.

The number of S&E doctorates conferred annually by U.S. universities increased among U.S. citizens and permanent
residents and among temporary visa holders.

Among fields that award large numbers of doctorates, the largest increases in degrees awarded between 2000 and
2015 were in engineering and in computer sciences.

Students on temporary visas continue to earn high proportions of U.S. S&E doctorates, including the majority of degrees
in some fields. They also earned large shares of the master’s degrees in S&E fields. In contrast, they earn smaller shares
of undergraduate S&E degrees.

In 2015, international students earned more than half of the doctoral degrees awarded in engineering, economics,
computer sciences, and mathematics and statistics. Their overall share of S&E degrees was 34%.

The number of temporary visa holders earning S&E doctoral degrees grew consistently between 2011 and 2014 but
remained flat in 2015.

Students on temporary visas earned 2% of the associate’s and 5% of the bachelor’s degree in S&E fields in 2015.
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International S&E Higher Education

In 2014, more than 7.5 million first university degrees, broadly equivalent to a bachelor’s degree, were awarded in S&E
worldwide. Students in India earned about 25% of those degrees, those in China earned about 22%, those in the
European Union earned about 12%, and those in the United States earned about 10%.

+  S&E degrees continue to account for about one-third of all bachelor’s degrees awarded in the United States. In
Japan, more than half of the first university degrees were awarded in S&E fields in 2014; in China, nearly half.

+ Inthe United States, about 6% of all bachelor's degrees awarded in 2014 were in engineering. This compares with
about 18% throughout Asia and 33% in China.

In 2014, the United States awarded the largest number of S&E doctoral degrees of any individual country, followed by
China, Russia, Germany, the United Kingdom, and India.

+  The numbers of S&E doctoral degrees awarded in China and the United States have risen substantially in recent
years. S&E doctorates awarded in South Korea and in many European countries have risen more modestly. S&E
doctorates awarded in Japan increased fairly steadily through 2006 but have declined since then.

* Asaresult of large government investments in higher education, in 2007 China overtook the United States as the
world leader in the number of doctoral degrees awarded in the natural sciences and engineering (which includes
agricultural, biological, and physical sciences, mathematics and statistics, and computer sciences and excludes social
and behavioral sciences). Since 2010, this number in China has risen more slowly.

International student mobility expanded over the past two decades as countries increasingly compete for international
students.

*  The United States remains the destination for the largest number of internationally mobile undergraduate and
graduate students worldwide, although its share decreased from 25% in 2000 to 19% in 2014.

+  Other top destinations for international students include the United Kingdom, Australia, France, and Germany.

Introduction

Chapter Overview

This chapter focuses on the development of human capital in S&E through higher education. Postsecondary education
provides the advanced skills needed for an educated citizenry, a competitive workforce, and—in the case of graduate-level
S&E education—the research capability necessary for innovation.

Indicators presented in this chapter are discussed in the context of national and global developments, including changing
demographics, increasing international student mobility, and increasing global competition in higher education. The
composition of the U.S. college-age population is becoming more diverse as the Asian and Hispanic shares of the population
increase. During the latest economic downturn, public institutions of higher education faced unique pressures from a
combination of increasing enrollments and tight state budgets. Private institutions likewise experienced financial challenges
stemming from declining incomes and the effects of stock market fluctuations on endowment growth. Technology has
enabled rapid growth in the delivery of online courses; the consequences of these changes are not well understood.
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Over the past decade and a half, governments around the globe have increasingly regarded higher education as an
essential national resource. Although the United States has historically been a world leader in providing broad access to
higher education and in attracting international students, many other countries are providing expanded educational access to
their own populations and are attracting growing numbers of international students. Nevertheless, in recent years, increases
in international students contributed to most of the growth in overall S&E graduate enroliment in the United States. After a
decline in the number of international students coming to the United States after 11 September 2001, international student
enrollment in S&E had recovered, but in the last year their numbers have dropped once again.

Chapter Organization

This chapter begins with an overview of the characteristics of U.S. higher education institutions that provide instruction in
S&E, followed by a discussion of characteristics of U.S. undergraduate and graduate education.[] Trends are discussed by
field and demographic group, with attention to the flow of international students into the United States by country of origin.
Various international higher education indicators include comparative S&E degree production in several world regions and
measures of the growing dependence of industrialized countries on international S&E students.

The chapter draws on a variety of federal and nonfederal sources, primarily surveys conducted by the National Center for
Science and Engineering (NCSES) within the National Science Foundation (NSF) and by the National Center for Education
Statistics (NCES) at the Department of Education. International data come from the Organisation for Economic Co-operation
and Development (OECD); the United Nations Educational, Scientific and Cultural Organization (UNESCO) Institute for Statistics
(UIS); and individual country sources. Most of the data in this chapter are from censuses of the relevant population—for
example, all students receiving degrees from U.S. academic institutions—and are not subject to sampling variability.

['1 For data on postdoctoral scientists and engineers see Chapter 3 and Chapter 5. For data on stay rates of doctorate
recipients see Chapter 3.
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The U.S. Higher Education System

This section discusses the characteristics of U.S. higher education institutions that provide S&E education and various
aspects of and trends in their finances.

Institutions Providing S&E Education

The U.S. higher education system consists of many diverse academic institutions that vary in their missions, learning
environments, selectivity levels, religious affiliations, types of students served, types of degrees offered, sectors (public, private
nonprofit, or private for-profit), and costs (Kena et al. 2016). During the 2015-16 academic year, there were approximately
4,600 postsecondary degree-granting institutions in the United States; about two-thirds (66%) of these offered 4-year or higher
degrees, and the remainder offered 2-year degrees (E Table 2-1). More than half of the 4-year institutions are private
nonprofit, 24% are public, and 23% are private for-profit. Most 2-year institutions are public (58%), but a large proportion
(36%) are private for-profit (B Table 2-1).

TABLE 2-1 EH

Degree-granting institutions, by control and level of institution: 2015-16

(Number)
Highest degree awarded All degree-granting institutions Public Private nonprofit Private for-profit
Total 4,583 1,620 1,701 1,262
2-year 1,579 910 107 562
4-year 3,004 710 1,594 700
Source(s)

National Center for Education Statistics, Integrated Postsecondary Education Data System (IPEDS), Institutional Characteristics

component, 2015-16.

Science and Engineering Indicators 2018

In 2015, U.S. academic institutions awarded nearly 3.8 million associate's, bachelor’s, master’s, and doctoral degrees, 25%
of them in S&E fields (Appendix Table 2-1).[1] Public institutions produced the bulk of S&E and non-S&E degrees (F Table 2-2).
For example, public institutions awarded nearly 70% of S&E bachelor’s and doctoral degrees and 55% of S&E master’s degrees.

Although relatively few (97), doctorate-granting institutions with very high research activity—public and private—are the
leading producers of S&E degrees: these research institutions awarded 72% of doctoral degrees, 42% of master's degrees, and
37% of bachelor’s degrees in S&E fields in 2015 (Appendix Table 2-1) (see sidebar B Carnegie Classification of Academic
Institutions). Master’s colleges and universities awarded another 28% of S&E bachelor’s degrees and 25% of S&E master’s

degrees in 2015.
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TABLE 2-2 EH

Degree awards, by degree level and institutional control: 2015

(Number)

Degree awards Total Public Private nonprofit Private for-profit

All fields 3,772,587 2,436,359 988,737 347,491
Associate's 1,024,186 824,380 62,461 137,345
Bachelor's 1,915,608 1,216,648 565,271 133,689
Master's 763,678 351,798 340,130 71,750
Doctorate 69,115 43,533 20,875 4,707

S&E 960,594 642,527 268,156 49,911
Associate's 90,589 71,107 3,125 16,357
Bachelor's 649,922 444,621 182,088 23,213
Master's 180,905 100,090 71,748 9,067
Doctorate 39,178 26,709 11,195 1,274

Source(s)

National Center for Education Statistics, Integrated Postsecondary Education Data System (IPEDS), Completions Survey; National

Science Foundation, National Center for Science and Engineering Statistics, WebCASPAR database, https://ncsesdata.nsf.gov/

webcaspar/.

Science and Engineering Indicators 2018
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SIDEBAR B

Carnegie Classification of Academic Institutions

The Carnegie Classification of Institutions of Higher Education is widely used in higher education research to characterize
and control for differences in academic institutions.

The 2010 classification update retains the structure adopted in 2005 and classified about 4,200 institutions. More than
three-quarters of the institutions added in that update (77%) were from the private for-profit sector, 19% were from the
private nonprofit sector, and 4% were from the public sector.

The Carnegie classification categorizes academic institutions primarily on the basis of highest degree conferred, level of
degree production, and research activity.* In this report, several Carnegie categories have been aggregated for statistical
purposes. The characteristics of those aggregated groups are as follows:

+  Doctorate-granting universities include institutions that award at least 20 doctoral degrees per year. They include
three subgroups based on level of research activity: very high research activity (97 institutions), high research activity
(103 institutions), and doctoral/research universities (82 institutions). Because doctorate-granting institutions with
very high research activity are central to S&E education and research, data on these institutions are reported
separately.

«  Master’s colleges and universities include the 652 institutions that award at least 50 master’s degrees and fewer
than 20 doctoral degrees per year.

*  Baccalaureate colleges include the 749 institutions at 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 collegesinclude the 1,692 institutions at which all degrees awarded are associate’s degrees or at which
bachelor’s degrees account for less than 10% of all undergraduate degrees.

«  Special-focus institutions are the 744 institutions at which at least 75% of degrees are concentrated in a single field
or a set of related fields (e.g., medical schools and medical centers, schools of engineering, schools of business and
management).

«  Tribal colleges are the 33 colleges and universities that are members of the American Indian Higher Education
Consortium.

* Research activity is based on two indexes (aggregate level of research and per capita research activity) derived from a
principal components analysis of data on research and development expenditures, S&E research staff, and field of
doctoral degree. See http://carnegieclassifications.iu.edu/ for more information on the classification system and on the
methodology used in defining the categories.

Baccalaureate colleges were the source of relatively few S&E bachelor's degrees (11%) (Appendix Table 2-1), but they
produce 13% of future S&E doctorate recipients (NSF/NCSES 2013). When adjusted by the number of bachelor’s degrees
awarded in all fields, the top 50 baccalaureate colleges as a group yield more future S&E doctorates per 100 bachelor’s
degrees awarded than all other types of institutions except very high research universities.[2]


https://www.nsf.gov/cgi-bin/goodbye?http://carnegieclassifications.iu.edu/
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Minority-serving Institutions

Minority-serving academic institutions (MSIs) can be defined by legislation or by the proportion of minority student
enrollment in them (Li 2007). Examples of MSlIs established by legislation include historically black colleges or universities
(HBCUs, see sidebar B Historically Black Colleges and Universities) and tribal colleges or universities[3] (TCUs). Given their
legal definition, the number of institutions in these groups cannot increase in number unless Congress acts to designate
additional institutions in those groups. In contrast, high-Hispanic-enrollment institutions[#] (HHEs, see sidebar B High-
Hispanic-Enrollment Institutions: A Typology) are a type of MSI based on the percentage of minority student enroliment. The
number of institutions in these groups vary from year to year based on the enroliment of students in their respective minority
groups.[®]

MSIs enroll a substantial fraction of underrepresented minority undergraduates (NSF/NCSES 2017a). In 2015, HBCUs
awarded 16% of the 54,000 S&E bachelor’s degrees earned by black U.S. citizens and permanent residents, and HHEs awarded
about 34% of the 79,000 S&E bachelor’s degrees earned by Hispanics. The proportion of blacks earning S&E bachelor’s
degrees from HBCUs has been declining in recent years. The proportion of Hispanics earning S&E bachelor’s degrees from
HHEs declined through 2011 but has been stable at about 34% since then. Tribal colleges, which mainly offer 2-year degrees,
account for about 4% of the nearly 3,000 S&E bachelor’s degrees awarded to American Indians; this proportion has increased
slightly in the last 5 years.[®]
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SIDEBAR B

Historically Black Colleges and Universities

The Higher Education Act of 1965, as amended, defines a historically black college or university (HBCU) as “any
historically black college or university that was established prior to 1964, whose principal mission was, and is, the
education of black Americans.” These institutions were established and developed in an environment of legal
segregation and greatly contributed to the progress of blacks by providing access to higher education (Hill, 1985). In
2015-16, there were 102 HBCUs in operation in 19 states, the District of Columbia, and the U.S. Virgin Islands. Half of
these institutions were public and half were private nonprofit institutions. The number of students enrolled at HBCUs
increased by 32% between 1976 and 2015 to about 293,000. In comparison, the number of students enrolled in degree-
granting institutions increased by 84%, to about 20 million during the same period (NCES 2017). In 2015, the majority of
HBCU students were enrolled in 4-year institutions (89%) and the remainder were enrolled in 2-year institutions. More
than three-quarters of HBCU students attended public institutions (75%) and 25% attended private nonprofit
institutions.*

Although HBCUs were originally established to educate black or African American students, they enroll a diverse student
body. In 2015, students who were not black or African American were 24% of total enrollment in HBCUs, up from 15% in
1976 (NCES 2017)."

* Special tabulation from the 2015 Fall Enrollment survey in https://ncsesdata.nsf.gov/webcaspar/.

[ Special tabulation from the 2015 Fall Enrollment survey in https://ncsesdata.nsf.gov/webcaspar/.


https://ncsesdata.nsf.gov/webcaspar/
https://ncsesdata.nsf.gov/webcaspar/
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SIDEBAR B

High-Hispanic-Enrollment Institutions: A Typology

The demographic composition of the United States has been changing. According to the latest Census Bureau
projections, the proportion of Hispanics between the ages of 20 and 24 is expected to grow from 22% in 2015 to 32% in
2060 (National Science Board 2016). Along these demographic trends, the number of colleges and universities serving
large numbers of Hispanic students has increased considerably.

High-Hispanic-enrollment institutions (HHEs) are degree-granting, nonprofit colleges and universities where full-time
equivalent undergraduate enrollment is at least 25% Hispanic students.* The number of HHEs has more than doubled
from 189 in 1994 to 432 in 2015, accounting now for 13% of all degree-granting public and private nonprofit institutions.
In addition, about 300 institutions enroll between 15% and 24% Hispanic students; these institutions are considered
“emerging HHEs.” In 2015, HHEs enrolled a total of 3.9 million students; nearly half of them were Hispanic, but more than
one-quarter were white, and nearly 1 in 10 was black. About 53% of the students enrolled in an HHE were attending part

time.

HHEs are diverse. In 2014, about half of them were 2-year institutions, half of them were 4-year institutions, and most
were public.

NUfez, Crisp, and Elizondo (2016) conducted an empirical analysis of HHEs with data from the Integrated Postsecondary
Education Data System (IPEDS), the Census Bureau, and the American Community Survey. The study was based on the
2008-09 IPEDS data because the data for that academic year contained the most complete information on HHEs. In
2008-09, the data included 268 accredited HHEs. Using cluster analysis, they classified HHEs into six somewhat
homogeneous groups as follows:

1. Urban enclave community colleges represented 37% of all HHEs and include public institutions that offer associate’s
degrees and certificates as their highest degrees. The institutions in this group enroll large numbers of students, the
vast majority of whom are in cities or suburbs, and more than half are in the West. More than two-thirds of the
students were enrolled part time, and a similar proportion of the faculty worked part time.

2. Rural dispersed community colleges represented 13% of all HHEs. They also include public institutions offering
associate’s degrees and certificates as their highest degrees; however, in this case, they were mostly in rural and
isolated areas and had lower student enrollment than the community colleges in the first group. About two-thirds of
them were in the South, particularly in the Southwest. About 65% of the students were enrolled part time, and 41%
of their faculty worked part time.

3. Bigsystem 4 years represented 21% of the HHEs and had the highest student enrollment of all the clusters. These
institutions tended to be in a state public institution system (e.g., the California State University system, the City
University of New York, the University of Texas System). The vast majority offered bachelor’s degrees or higher, and
more than three-quarters were public. These institutions provide broad access to students, admitting a higher
proportion of students than the other 4-year institutions in the groups below. The majority of students in these
institutions were enrolled full time, and more than half of the faculty worked full time.

4. Small community 4 years were smaller than the others, representing 9% of HHEs. Nearly all of them were private
and offered bachelor’s or higher degrees. They included some small liberal arts institutions and several religious
ones. They were mostly in urban and suburban areas with high levels of educational attainment in the West and the
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South. Compared with the previous clusters, this group included more selective institutions. This group also
employed a lower proportion of Hispanic faculty members. Two-thirds of the students in these institutions were
enrolled full time, and only 46% of the faculty worked full time.

5. Puerto Rican institutions represented 19% of all HHEs, and the vast majority were in cities and suburbs in Puerto
Rico. More than two-thirds of these HHEs were private, and nearly 90% offered bachelor's degrees or higher. Three-
quarters of the students are enrolled full time; most of the faculty worked part-time.

6. Health sciences schools represented the only two HHEs focused on health sciences, the University of Texas Health
Science Center and the University of Puerto Rico Medical School. These institutions had low enrollment, a higher
proportion of female students, a higher proportion of full-time students and faculty, and selective admission
requirements.

This classification shows the diversity of HHEs in terms of their geographic locations, faculty and student body, and
academic programs offered.

* Many researchers use the term “high-Hispanic enrollment” and “Hispanic-serving institution” (HSI) interchangeably.
HSIs meet the federally designated criterion (i.e., public and private nonprofit institutions whose undergraduate, full-time
equivalent student enrollment is at least 25% Hispanic) and are therefore eligible to apply for Hispanic-serving institution
status. Based on the Title V program under the Higher Education Act (also known as the “Developing Hispanic-Serving
Institutions Program”) these institutions are eligible for federal grants, contracts, or benefits to expand educational
opportunities and improve the educational attainment of Hispanic students. Because there is no information on whether
institutions apply for the HSI designation, NCSES uses the 25% enrollment criterion to determine which institutions have
high-Hispanic enrollment. For additional information, see https://www2.ed.gov/about/offices/list/ope/idues/
hsidivision.html, accessed 15 May 2017.

HHEs and HBCUs also play an important role in training Hispanic and black students for doctoral-level study in S&E fields.
Of Hispanics who earned an S&E doctorate between 2011 and 2015, nearly 30% had obtained their baccalaureate at an HHE
(EB Table 2-3). Similarly, 24% of black S&E doctorate recipients had an HBCU baccalaureate (B Table 2-4). HBCUs were the
second-largest contributor of black S&E doctorate recipients, behind only institutions with very high research activity (NSF/
NCSES 2013).


https://www2.ed.gov/about/offices/list/ope/idues/hsidivision.html
https://www2.ed.gov/about/offices/list/ope/idues/hsidivision.html
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TABLE 2-3 EH

Distribution of U.S. citizen and permanent resident S&E doctorate recipients whose
baccalaureate origin is a high-Hispanic-enrollment institution, by ethnicity and race: 2011-15

(Number)
Earned baccalaureate degree from a high-Hispanic-enrollment institution

Ethnicity and race All
Yes No Yes (%)
All ethnicities and races 115,369 5,822 109,547 5.0
Hispanic or Latino 7,337 2,151 5,186 29.3

Not Hispanic or Latino

American Indian or Alaska Native 350 35 315 10.0
Asian 11,545 315 11,230 2.7
Black or African American 6,073 302 5,771 5.0
White 84,277 2,679 81,598 3.2
More than one race 3,024 170 2,854 5.6
Other race or race not reported 895 57 838 6.4
Ethnicity not reported 1,868 113 1,755 6.0

Note(s)

Reporting categories for ethnicity and race were expanded in 2013; comparisons with data before 2013 should be made with caution.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016), 2015 Survey of Earned
Doctorates (SED).
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TABLE 2-4 EH
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U.S. citizen and permanent resident S&E doctorate recipients whose baccalaureate origin is an

HBCU, by ethnicity and race: 2011-15

(Number)

Ethnicity and race

All ethnicities and races

Hispanic or Latino

Not Hispanic or Latino
American Indian or Alaska Native
Asian
Black or African American
White
More than one race
Other race or race not reported

Ethnicity not reported

s = suppressed for reasons of confidentiality and/or reliability.

HBCU = historically black college or university.

Note(s)

All

115,369

7,337

350

11,545

6,073

84,277

3,024

895

1,868

Earned baccalaureate degree from an HBCU

Yes

1,640

33

10

1,462

70

28

29

No

113,729

7,304

11,535

4,611

84,207

2,996

1,839

Yes (%)
1.4

0.4

0.1

241

0.1

0.9

1.6

Reporting categories for ethnicity and race were expanded in 2013; comparisons with data before 2013 should be made with caution.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016), 2015 Survey of Earned

Doctorates (SED).
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Community Colleges

Community colleges (also known as public 2-year colleges or associate’s colleges) play a key role in increasing access to

higher education for all citizens. These institutions serve diverse groups of students and offer a more affordable means of

participating in postsecondary education. Community colleges prepare students to enter the workforce with certificates or

associate’s degrees or to transition to 4-year colleges or universities, often before receiving a 2-year degree. Community

colleges tend to be closely connected with local businesses, community organizations, and government, so they can be more

responsive to local workforce needs (Olson and Labov 2012).
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In the 2015-16 academic year, there were 910 community colleges in the United States, enrolling 6.2 million students, or
nearly one-third of all postsecondary students (NCES 2017). Most (62%) community college students enrolled part time.
Responding to the economic recession in the late 2000s, enrollment in community colleges peaked in 2010 at 7.2 million but
has declined with improving labor markets (Ginder and Kelly-Reid 2017; Ginder, Kelly-Reid, and Mann 2014; Knapp, Kelly-Reid,
and Ginder 2009, 2011).

Community colleges play a significant role in educating students who go on to acquire advanced S&E degrees. About 19%
of U.S. citizens and permanent residents with S&E doctoral degrees earned between 2011 and 2015 reported having some
college credit from a community or 2-year college (B Table 2-5). In fact, 47% of all recent S&E graduates had done some
coursework at a community college (in 2003, it was 48%, according to the National Survey of College Graduates).l”] Graduates
in the biological and social sciences were more likely than those in the physical and computer sciences and in engineering to
have attended a community college.
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TABLE 2-5 EH

U.S. citizen and permanent resident S&E doctorate recipients who reported earning college

credit from a community or 2-year college, by ethnicity and race: 2011-15

(Number)

Ethnicity and race

All ethnicities and races

Hispanic or Latino

Not Hispanic or Latino
American Indian or Alaska Native
Asian
Black or African American
White
More than one race
Other race or race not reported

Ethnicity not reported

Note(s)

All

113,942

7,142

335

11,671

6,067

83,965

3,035

857

870

2120

Earned college credit from a community or 2-year college

Yes

21,185

1,640

117

1,498

1,132

15,785

657

191

165

No

92,757

5,502

218

10,173

4,935

68,180

2,378

666

705

Yes (%)

18.6

23.0

34.9

12.8

18.7

18.8

21.6

22.3

19.0

Includes only respondents to the community college question. Reporting categories for ethnicity and race were expanded in 2013;

comparisons with data before 2013 should be made with caution.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016), 2015 Survey of Earned

Doctorates (SED).
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Female S&E bachelor's and master’s degree recipients were more likely than males to have attended a community college

(FATable 2-6). Attendance levels as measured by the proportion who took courses at a community college were highest among

U.S. citizens, followed by permanent visa holders, and were much lower among temporary visa holders. Among racial and

ethnic groups, attendance levels were highest among Hispanics and lowest among Asians. Attendance fell with rising parental

education level, illustrating the special access function of these institutions.

Recent S&E graduates (1.3 million) who took courses in community colleges (nearly 600,000) report doing so at different

points in their educational careers. Nearly half of them reported doing so after high school but before enrolling in a 4-year

college or university or while enrolled in college but before receiving a bachelor’s degree. About one in three used a

community college as a bridge between high school and college enrollment. One in five attended a community college after
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receiving their first bachelor's degree. One in 10 reported taking courses at a community college after leaving a 4-year college
without receiving their first bachelor’s degree.[8]

Recent S&E graduates took courses at community colleges for various reasons. The most prevalent reason was to earn
credits toward a bachelor’s degree (30%), followed by preparation for college to increase the chance of acceptance at a 4-year
institution (17%), for financial reasons (14%), and to earn college credits while still attending high school (13%). Other reasons
mentioned included to complete an associate’s degree (6%); to gain further skills or knowledge in their academic or
occupational fields (6%); to facilitate a change in their academic or occupational fields (5%); for leisure or personal interest

(4%); to increase opportunities for promotion, advancement, or higher salary (3%); and for other reasons (4%).[°1
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TABLE 2-6 EH

Recent recipients of S&E degrees who attended community college, by sex, race and ethnicity,
citizenship status, and parents’ education level: 2015

(Number and percent)

Characteristic Number Percent
All recent S&E degree recipients who attended community college 1,262,000 47
Degree level
Bachelor's 983,000 52
Master's 279,000 36
Sex
Female 657,000 50
Male 604,000 44

Race or ethnicity

American Indian or Alaska Native 2,000 33
Asian 141,000 28
Black or African American 129,000 56
Hispanic or Latino® 231,000 64
Native Hawaiian or Other Pacific Islander 2,000 50
White 708,000 48
More than one race 49,000 62

Citizenship status

U.S. citizen 1,214,000 53
Permanent visa 33,000 38
Temporary visa 15,000 5

Father's education

Less than high school 114,000 59
High school diploma or equivalent 265,000 53
Some college, vocational, or trade school 298,000 56

Bachelor’s 277,000 39
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Characteristic Number Percent
Master's 173,000 47
Professional degree 62,000 39
Doctorate 47,000 31
Not applicable 26,000 51

Mother’s education

Less than high school 117,000 56
High school diploma or equivalent 272,000 53
Some college, vocational, or trade school 270,000 43
Bachelor’s 366,000 47
Master's 165,000 46
Professional degree 26,000 41
Doctorate 22,000 32
Not applicable 23,000 61

@ Hispanic may be any race. American Indian or Alaska Native, Asian, black or African American, Native Hawaiian or Other Pacific
Islander, white, and more than one race refer to individuals who are not of Hispanic origin.
Note(s)

Recent S&E degree recipients are those who earned their bachelor's or master's degrees between 1 July 2008 and 30 June 2013. Data

are rounded to the nearest 1,000.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2017), 2015 National Survey of
College Graduates (NSCG).
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For-Profit Institutions

In 2015-16, about 1,300 degree-granting institutions in the United States operated on a for-profit basis; this number
peaked at 1,451 in 2012-13 but has declined to 1,262 since then (NCES 2017). Four-year institutions accounted for slightly
more than half of these institutions (55%) in 2015-16 (B8 Table 2-1).

For-profit institutions enroll considerably fewer students than public ones, particularly at the 2-year level—nearly 120,000
versus nearly 6.6 million in community colleges in 2015.110] Enroliment and degrees awarded in for-profit institutions rose
dramatically throughout the 2000s but declined in recent years (Appendix Table 2-2).[11]
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Enrollment patterns differ among racial and ethnic groups. For-profit institutions play a disproportionate role in the
education of blacks and Native Hawaiians or other Pacific Islanders, who are more likely than other racial or ethnic groups to
enroll in private for-profit academic institutions (NSF/NCSES 2017a).

For-profit academic institutions are not large producers of S&E degrees: they awarded between 3% and 5% of S&E degrees
at the bachelor’s, master’s, and doctoral levels, as well as 18% of S&E degrees at the associate’s level in 2015 (Appendix Table
2-2). Computer sciences accounted for three-quarters of the associate’s degrees and nearly half of the bachelor’s degrees
awarded by for-profit institutions in S&E fields in 2015 (Appendix Table 2-3). At the master’s level, S&E degrees were mainly in
psychology (38%), social sciences (32%), and computer sciences (27%); at the doctoral level, they were almost exclusively in
psychology (79%) and social sciences (17%).

Distance and Online Education

Distance and online education enable institutions of higher education to reach a wider audience by expanding access for
students in remote locations while providing greater flexibility for students who face time constraints, physical impairments,
responsibility to care for dependents, and other challenges. Distance education has been around for more than 100 years
(Perna et al. 2014), whereas online education is a relatively new phenomenon. Online education can serve individuals’ needs
for lifelong learning and skill retooling during times of rapid technological change.

Distance education uses technology to deliver instruction to students who are separated from the instructor and to
support regular and substantive interaction between the students and the instructor, synchronously or asynchronously (Kena
et al. 2016). Distance education enrollment has grown in recent years, given the growth of Internet technologies to deliver
content. According to nationally representative data from the Integrated Postsecondary Education Data System (IPEDS) 2015
Fall Enrollment survey, 14% of all students in 4-year Title IV institutions (i.e., institutions that participate in federal financial aid
programs) were enrolled exclusively in distance education courses, and another 15% were enrolled in distance education and
regular on-campus courses; whereas the remaining 71% of these students were not enrolled in any distance education course
(EBTable 2-7).[12] Exclusive enrollment in distance education courses was considerably higher at private for-profit 4-year
institutions than at either 2- or 4-year public or private nonprofit institutions or at private for-profit 2-year institutions.
Enrolliment in some distance education courses was highest at public institutions. Exclusive enrollment in distance education
courses was higher at the graduate level than at the undergraduate level, whereas enroliment in some distance education
courses was higher at the undergraduate level than at the graduate level.
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TABLE 2-7 EH

2|25

Enroliment in Title IV institutions, by distance education enrollment status, control, and level of

institution: Fall 2015

(Percent)

Institutional control and level

Total enrollment
Number
Percent
Degree level
Undergraduate

Degree- or certificate-

seeking

Non-degree- or

certificate-seeking
Graduate
Control and level of institution
Public
2-year
4-year
Private nonprofit
2-year
4-year
Private for-profit
2-year
4-year
Institutional category
All degree-granting

All non-degree-granting

All
(number)

20,382,473

100

1,744,188

15,370,264

1,770,924

2,940,762

6,271,901

8,352,437

56,125

4,013,680

280,004

1,120,582

19,976,936

405,537

Exclusively distance
education courses

2,874,098

14.1

121

1241

13.8

26.1

8.9

2.1

16.6

3.8

65.8

14.4

0.6

Some distance education
courses

3,086,670

15.1

17.7

6.5

8.3

17.7

18.1

27.2

8.3

6.3

8.9

1.1

No distance education
courses

14,421,705

70.8

71.6

70.2

79.7

70.9

73.1

70.7

90.0

253

70.2

98.4
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Note(s)

Title IV institutions are those with a written agreement with the Secretary of Education that allows the institution to participate in any of

the Title IV federal student financial assistance programs. Percentages may not add to 100% because of rounding.

Source(s)

National Center for Education Statistics, Integrated Postsecondary Education Data System (IPEDS), Fall 2015, Fall Enrollment

component.
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Nationally representative data collected by the 2015 IPEDS Completions Survey also show that, regardless of the degree
level, the proportion of distance education programs in S&E was highest at private for-profit 4-year institutions, ranging from
nearly 30% of the S&E programs in these institutions at the associate’s level to more than two-thirds of those at the master’s
level (Appendix Table 2-4). In general, computer sciences and psychology were the two fields where distance education
programs were most prevalent, irrespective of institution type and degree level. In addition, engineering, engineering
technologies, health technologies, and social sciences fields also had considerable utilization of distance education programs.
(Between 18% and 25% of the master’s programs in engineering, engineering technologies, and health technologies at public
4-year institutions and the majority of social sciences programs at private for-profit 4-year institutions had distance
education.)

A recent study provided evidence that at a for-profit university with an undergraduate enrollment of more than 100,000
students where most of them were pursuing bachelor’s degrees, taking a course online instead of in-person reduced student
success and progress in college. Grades were lower not only in the course students took online but also in future courses. In
addition, students who took a course online were less likely to remain enrolled a year later (Bettinger et al. 2017).

Allen et al.'s (2016) most recent survey showed that a small segment of higher education institutions had massive open
online courses (MOOCs; see Glossary) (11%) or were planning one in 2015 (2%); however, most institutions decided against
having a MOOC (59%) or remained undecided about it (28%). MOOCs can provide broad access to higher education for free or
at a very low cost, facilitating lifelong learning and continuing education. Through their online platforms, MOOCs also have the
potential to collect massive amounts of information that can be used to conduct experimental research on how people learn
and to identify online practices that improve learning (ED/OET 2013).

Nationally representative data on MOOCs are not available. However, research conducted on the first 4 years of open
online courses offered by HarvardX and MITx on the edX platform reveals that during that time, the platform included 290
courses, granted 245,000 certificates (including free and paid certificates), and had 4.5 million participants (Chuang and Ho
2016).[13] The survey of MOOCs showed that participants’ median age was 29, two-thirds of them were males, 71% were from
countries other than the United States, and 73% were bachelor's degree holders. The largest MOOCs were in computer

sciences.

Overall completion rates in MOOCs are low; however, they varied according to participants' intentions at the start of the
course. Some MOOC participants indicated that they intended to obtain a free certificate, others reported that they were
exploring a subject, and others reported paying in order to verify their identity and obtain a formal certificate. Students who
paid for a certificate verifying their completion of the MOOC were much more likely to obtain a certificate than those who took
a class that offered a free certificate (60% compared with 8%).
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Online education companies offering MOOCs have also expanded their offerings of certificate programs. For instance,
Udacity partnered with AT&T to offer technology-focused “nanodegrees” teaching students a specific set of skills that can be
applied to a job. These courses have been developed in partnership with employers. For example, Udacity developed a course
on Android technology with Google and another on self-driving car engineering with Mercedes-Benz, NVIDIA, and Otto (The
Economist 2017). For students, these courses are much more affordable than attending a college or university and provide the
flexibility they need to complete them while balancing other family and job responsibilities. For businesses, these types of
classes provide a quick response to market demand for niche technological specializations.

In 2014, the Georgia Institute of Technology (Georgia Tech), in collaboration with Udacity and AT&T, began to offer an online
master’s program in computer science, which combines MOOC-like course videos and assessments with a support system
that works directly with students. The university’s goal was to create a master’s degree program that was just as rigorous as
the one offered on campus but at a much lower cost. A recent study focusing on the students who applied to this program
showed that access to this online option increased overall enrollment in higher education, rather than substitute for the brick-
and-mortar university options (Goodman et al. 2016). The researchers found that online students in this program were older
than students in the on-campus program and that the vast majority of them were employed. They also found that the demand
for Georgia Tech’s online degree satisfied previously unmet demand for mid-career training and could increase the production
of computer sciences master’s degrees in the United States. Overall, their results also suggested that high-quality online
education may open opportunities for people who otherwise would not be pursuing a degree.

Changing modes of online education are prompting questions about how the use of this technology will affect the higher
education sector. In particular, it is not yet clear how many students can sustain commitment to learning in the absence of
more personal contact and to what extent the growing access to higher education facilitated by MOOCs will translate into
learning and, in the long run, to higher levels of educational achievement. It is also not clear how these models can be applied
in a wider range of disciplines and higher education institutions.

Trends in Higher Education Expenditures and Revenues

Higher education spending and revenue patterns have changed substantially since 2000, in trends that intensified during
the economic downturn of the late 2000s. Although all types of higher education institutions faced competing demands in a
stringent budget environment, each type faced unique challenges. Through 2010, increases in the number of students seeking
an affordable college education compounded the challenges created by tight budgets. Despite declines in enroliment between
2011 and 2015 (Appendix Table 2-5), the same challenges have remained. This section shows trends in inflation-adjusted
average spending and revenue per full-time equivalent (FTE) student from 2000 to 2015,[14] based on data from the Delta
Cost Project.[15]

Very High Research Universities—Public and Private Institutions

Revenues

Net tuition and federal appropriations, grants, and contracts are two large sources of revenues for public and private very
high research institutions (Appendix Table 2-6).[16] For public institutions, state and local appropriations are also critical,
supplying an amount of revenue just under three-quarters of net tuition ($9,200 per FTE in 2015); in contrast, they are a small
source of revenue for their private counterparts (about $1,100 per FTE in 2015 and only about 4% of net tuition). Much more
important for private institutions are private and affiliated gifts, investment returns,[17] and endowment income, which are
usually the largest sources of revenue other than funds from hospitals and other independent operations.[18]

State and local appropriations for public very high research universities have declined since 2000, with a particularly steep

drop between 2008 and 2012 (liFigure 2-1). This decline coincided with a compensating increase in net tuition. In 2000,
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average state appropriations per FTE at public very high research institutions were more than twice the amount of net tuition
($13,900 versus $6,500). By 2015, however, appropriations had dropped to $9,200 per FTE, whereas net tuition had increased
from about $6,500 to more than $12,700 per FTE (Appendix Table 2-6). This change represents a downward shift in higher
education investment by state and local governments, resulting in a higher financial burden for individual students and their
families. Starting at a higher level, net tuition at private very high research universities also increased during this 15-year
period. But the increase, from about $22,700 to almost $27,700, was proportionally much smaller.

FIGURE 2-1 ol

Selected average revenues and expenditures per FTE at public very high research universities:
2000-15
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FTE = full-time equivalent.

Source(s)
Integrated Postsecondary Education Data System (IPEDS) Analytics: Delta Cost Project Database, 2000-15 (16-year matched set),

special tabulations (2017).
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Revenue from federal appropriations, grants, and contracts, the source used for most research expenditures, is highest at
the most research-intensive universities (Appendix Table 2-6), particularly the private ones. These revenues increased steadily
from 2000 to 2005, dipped as the economy entered the recession at the end of the decade, increased somewhat with
American Recovery and Reinvestment Act (ARRA) funding, then dipped again between 2011 and 2015. Between 2000 and
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2015, revenue per FTE from these funds increased by 11% at public very high research institutions to just under $8,000 per
FTE and by 14% to $25,700 per FTE at their private counterparts.

Expenditures

Research and instruction are the two largest core education expenditures at public and private very high research
universities. Between 2000 and 2015, research expenditures per FTE increased substantially at both types of institutions—by
25% at private universities and by 11% at their public counterparts (liFigure 2-2; Appendix Table 2-7). For public and private
institutions, research expenditures per FTE peaked in 2011 (coinciding with the year of greatest ARRA research spending);
since then, they have declined by about 8%. See Chapter 5 section Academic R&D, by Public and Private Institutions for greater
detail on university research spending.

Instructional spending per FTE followed a pattern similar to that of research expenditures, increasing at a higher rate at
private very high research institutions than at their public counterparts. Between 2000 and 2015, instructional expenditures
per FTE increased by 43% at private universities compared to 18% at public universities. Moreover, for the past decade,
instructional spending at private very high research universities has been three times that of the public universities (i Figure
2-3).
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FIGURE 2-2 ol

Average expenditures per FTE on research at public and private very high research
universities: 2000-15
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Source(s)

Integrated Postsecondary Education Data System (IPEDS) Analytics: Delta Cost Project Database, 2000-15 (16-year matched set),
special tabulations (2017).
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FIGURE 2-3 ol

Average expenditures per FTE on instruction at public and private very high research
universities: 2000-15
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Integrated Postsecondary Education Data System (IPEDS) Analytics: Delta Cost Project Database, 2000-15 (16-year matched set),

special tabulations (2017).
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Four-Year and Other Graduate Public Institutions

Revenues

From 2000 to 2015, state and local appropriations and net student tuition were the largest sources of revenues centrally
involved with education at other public institutions offering 4-year and graduate degrees (Appendix Table 2-6).[19] At these
institutions, total revenues from these two sources were lower than those at public very high research universities. In 2015,
net student tuition per FTE was higher at public 4-year institutions than at community colleges but state and local
appropriations per FTE were lower. From 2000 through 2015, the percentage drop in revenue per FTE from state and local
appropriations (25%) was somewhat less than that experienced at the public very high research institutions (34%). In 2010, net
student tuition replaced state and local appropriations as the largest source of revenue in the public 4-year institutions.
Average state appropriations per FTE in 2000 ($8,800) were almost twice as large as tuition revenue ($4,600). By 2010, average
revenues from net student tuition, at $7,200 per FTE, exceeded average revenues from state appropriations per FTE by about
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$450. By 2015, average revenues from net tuition increased even further, to more than $1,500 over the average revenues from
state appropriations (liFigure 2-4). As in the case of public very high research institutions, this change represents a shift in

financial investment from state and local governments to individual students and their families.

FIGURE 2-4 ol

Selected average revenues and expenditures at public 4-year and other postsecondary
institutions: 2000-15
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Source(s)
Integrated Postsecondary Education Data System (IPEDS) Analytics: Delta Cost Project Database, 2000-15 (16-year matched set),

special tabulations (2017).
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Expenditures

Spending on instruction at 4-year and other graduate public institutions has been at least three times as high as almost all
the other standard expense categories. It increased from an average of nearly $7,000 per FTE in 2000 to about $7,800 per FTE
in 2015 (Appendix Table 2-7). Other expenditures represented much smaller shares of total spending; most of these



National Science Board | Science & Engineering Indicators 2018 2|33

| cHAPTER2 | Higher Education in Science and Engineering

expenditures increased, with average increases between 2000 and 2015 ranging from 5% for spending on plant operation and
maintenance to 28% for student services.

Community Colleges
Revenues

Revenues are much lower for community colleges than for other public institutions of higher education, particularly public
very high research institutions.[20] As in the other public institutions, the main sources of revenue at community colleges are
state and local appropriations and net student tuition (Appendix Table 2-6). In 2015, average revenues from state and local
appropriations at community colleges were about $7,200 per FTE, compared with about $9,200 at public very high research
institutions; average revenues from net tuition were about $4,100 per FTE, compared with about $12,700 at public very high
research institutions. Unlike other public institutions, revenue from state and local appropriations at community colleges still
exceeded net tuition revenue in 2015.

Even so, community colleges have experienced the same decline in state and local government support that other public
institutions have seen. Between 2000 and 2015, revenues from state and local appropriations at community colleges
decreased from an average of about $7,700 per FTE to $7,200 per FTE, with a steady decline from 2008 to 2012. This trend has
since begun to reverse, although state and local support remain below their prerecession levels (liFigure 2-5). As state support
declined from 2008 to 2012, revenues from net tuition increased by 17%. In 2000, revenues from state and local
appropriations represented 56% of total revenues at community colleges, and tuition accounted for 18%. By 2015, state and
local appropriations had dropped to 48% of total revenues, whereas the proportion of revenues from tuition increased to 28%
of total revenues.
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FIGURE 2-5 ol

Selected average revenues and expenditures per FTE at community colleges: 2000-15
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Note(s)
Community colleges are public associate's colleges according to the 2010 Carnegie Classification of Institutions of Higher Education.

Source(s)
Integrated Postsecondary Education Data System (IPEDS) Analytics: Delta Cost Project Database, 2000-15 (16-year matched set),

special tabulations (2017).
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Expenditures

Expenditures are also much lower for community colleges than for other public institutions of higher education. In
community colleges, instruction is by far the largest expenditure (Appendix Table 2-7). In 2000, spending on instruction was
about $5,900 per FTE, about 40% of total expenditures. In 2015, average instructional spending per FTE ($6,000) was very
similar in size to the 2000 level. Overall, these expenditures went up and down between 2000 and 2015, declining from 2001
to 2005 and 2008 to 2012 but increasing during other years (li Figure 2-5).[21] Expenditures on student services and
institutional and academic support declined in the late 2000s but increased somewhat in 2012-15. Expenditures in plant
operation and maintenance also declined between 2008 and 2011 and have risen slightly since then. As a percentage of total

expenditures, each spending stream remained relatively constant from 2000 through 2015.
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Public Institutions Comparison
Revenues

Between 2000 and 2015, revenues from state and local appropriations and net tuition, the main two revenue sources at
public institutions, when added together increased by similar amounts at community colleges (10%) and 4-year institutions
(9%); they increased a little less at very high research institutions (8%). States and localities cut funding for all three categories
of institutions, but the reduction was smaller in the community colleges (7%) than in the public very high research institutions
(34%) and the public 4-year and other graduate public institutions (25%). Unlike community colleges, however, the other two
types of public institutions were able to increase revenues from net tuition to a greater extent. FTE net tuition revenues
increased by 97% at the public very high research universities and by 75% at the 4-year and other graduate public institutions,
compared with 62% at community colleges (Appendix Table 2-6).

Expenditures

Instruction expenditures followed a different pattern. They rose most rapidly at the public very high research institutions
(18%), where there was pressure to keep faculty salaries (a major component of instructional expenses) competitive with
those of their private counterparts, which spent more on instruction to begin with and were increasing these expenses even
more rapidly (43%) (Appendix Table 2-7). At community colleges, FTE instructional expenses increased by 2% over the period
from 2000 to 2015,[22] whereas in 4-year and other graduate institutions, they increased by 12%. Overall, during this period,
community colleges had more limited resources and less flexibility to draw on alternate revenue sources to support their
instructional expenses. However, given the decline in enrollment in fall 2012 through fall 2015 after the recession, average
expenditures in instruction increased more substantially (14%) at community colleges and in 2015 were at their highest level
since 2001 (see section Undergraduate Enrollment in the United States).

Financing Higher Education

Cost of Higher Education

Affordability and access to U.S. higher education institutions are continuing concerns (Sullivan et al. 2012; GAO 2014).
According to the College Board (2016a), the estimated average net tuition and fees (i.e., the published prices minus grant aid
and tax benefits) vary by institution type.

In the last 10-year period ending in 2016-17, net tuition and fees paid by full-time, in-state undergraduate students in
public 4-year colleges increased by about 30% in constant 2016 U.S. dollars (College Board 2016a; Bl Table 2-8). Net tuition and
fees at these institutions had dipped during the recessionary period between 2007-08 and 2009-10, but they increased by
70% since then and nearly 10% in the last 2 years.

At private nonprofit institutions, net tuition and fees followed a similar path in the last 10 years, declining between 2007-08
and 2011-12 but rising since then, gradually approaching its highest point 10 years earlier.

At public 2-year colleges, net tuition and fees have overall declined by more than 200% in the last 10 years, but they have
increased by about 35% since 2011-12 (B Table 2-8). On average, since 2009-10, undergraduate students enrolled full time at
public 2-year colleges have received enough funding through grant aid and federal education tax credits and deductions to
cover tuition and fees, and they can use the rest of those funds to cover books or living expenses (their net tuition was -$500
in 2016-17) (College Board 2016a). Despite large percentage tuition increases in public institutions, they are still more
affordable than their private counterparts.
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TABLE 2-8 R

Net tuition and fees for full-time undergraduate students by institutional control: 2006-07 and
2011-12 through 2016-17

(2016 U.S. dollars)

Institutional control 2006-07 2011-12 2012-13 2013-14 2014-15 2015-16 2016-172
Public 2-year 420 -770 -610 -620 -620 -560 -500
Public 4-yearb 2,910 3,100 3,410 3,370 3,430 3,620 3,770
Private nonprofit 4-year 14,900 12,770 13,000 12,980 13,050 13,310 14,190

@ Estimated value.

b |n-state students.

Note(s)

Prices have been rounded to the nearest $10. Net tuition and fees equal published tuition and fees minus total grant aid and tax

benefits.

Source(s)
The College Board, Annual Survey of Colleges, Trends in College Pricing (2016).
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Between 1999-2000 and 2011-12, changes in the net cost of higher education for dependent undergraduates varied by
family income level and type of institution they attended (Table NSB 2016 2-9; the NCES National Postsecondary Student Aid
Study [NPSAS] is conducted every 4 years, so there are no new data). For students from higher-income families, net tuition
and fees increased across all types of institutions. Students from lower-income families experienced declining or stable net
tuition in certain types of institutions while seeing increases in others. (On average, these students experienced declines at
public 2-year institutions; saw no changes at public and private nonprofit 4-year master’s and baccalaureate institutions, as
well as at private nonprofit 4-year research and doctoral institutions; and saw a rise at public 4-year research and doctoral

institutions.)
Research suggests that the vast majority of low-income, high-achieving high school seniors do not apply to any selective

college, although selective institutions cost them less than nonselective ones because of the large amounts of financial aid
they are able to offer (Hoxby and Avery 2013).[23]

Undergraduate Financial Support Patterns and Debt
Financial Support for Undergraduate Education

With rising tuition, students increasingly rely on financial aid to fund their education. Financial aid for undergraduate
students comes mainly in the form of student loans (federal and nonfederal), grants (federal, state, institutional, and private),
and tuition tax credits. A financial aid package may contain one or more of these kinds of support. In 2016-17, undergraduate
students received $184 billion in federal, state, institutional, and other aid, excluding nonfederal loans (College Board 2016b).
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In the last 10 years, federal financial aid has constituted about two-thirds of the undergraduate student aid package;
federal loans have been the main component, followed by federal grants, although the proportion of undergraduate students
receiving federal loans declined (from 42% in 2005-06 to 33% in 2016-17), whereas the proportion receiving federal grants
increased (from 18% to 23%). In addition, institutional grants increased (from 20% to 23%), and private and employer grants
and state grants rose slightly as well (6% versus 7% in both cases).

According to the latest data available from the NPSAS, a higher proportion of undergraduates in private institutions than
those in public institutions received some type of financial aid and incurred student loans (Ifill and Shaw 2013).[24]

Undergraduate Debt

Among recent graduates with S&E bachelor’s degrees, the level of undergraduate debt does not vary much by
undergraduate major, although it is somewhat lower for recent recipients of engineering bachelor’s degrees than for recent
recipients of bachelor’s degrees in social and related sciences and in physical and related sciences.[25]

Levels of debt vary to a greater extent by type of institution. The extent of undergraduate indebtedness of students from
public colleges and universities is almost as high as that for students from private nonprofit universities (about 60% at
graduation). The level of debt differs, however: about $26,800 per borrower for those graduating from a public institution and
$31,400 for those graduating from private nonprofits. Students who attend private for-profit institutions are more likely to
borrow, and to borrow larger amounts, than those who attend public and private nonprofit institutions (College Board 2016b).

Levels of debt varied widely by state. Average debt for 2014 graduates of public 4-year colleges and universities ranged
from $18,800 in New Mexico to $35,000 in New Hampshire. Average debt for graduates of private nonprofit colleges and
universities ranged from $8,900 in Alaska to $36,200 in Connecticut (Institute for College Access & Success, College InSight
2016). Cost of living may account for some of the differences by state.[26]

Graduate Financial Support Patterns and Debt
Financial Support for S&E Graduate Education

In 2015, nonfederal funds were the main source of funding of full-time S&E graduate students (45%), followed by self-
support (41%), and federal funds (15%) (Appendix Table 2-8). Nonfederal sources include state funds and funding from
universities, employers, nonprofit organizations, and foreign governments. Particularly in the large public university systems,
state funds are affected by the condition of overall state budgets. Self-supporting graduate students rely primarily on loans,
their own funds, or family funds for financial support.

The number of full-time graduate students supported primarily by nonfederal sources or through self-support has
increased in the last 15 years, with the steepest increase in 2014 (liFigure 2-6).[27] The proportion of self-supporting graduate
S&E students gradually rose from 33% to 41% between 2000 and 2015, primarily because of increasing enrollment of master’s
students on temporary visas who are mostly self-supporting (IIE 2016; NSF/NCSES 2016).28] Self-support was highest (60% or
higher) among full-time graduate students in computer sciences and in medical and other health sciences (Appendix Table
2-9).
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FIGURE 2-6 ll

Full-time S&E graduate students, by source of primary support: 2000-15
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Self-support includes any loans (including federal) and support from personal or family financial contributions. In 2007, the survey
was redesigned to improve reporting. In 2014, the survey frame was updated with academic institutions with S&E master's- or
doctorate-granting programs not included previously. Because of methodological changes, data should be used with caution for
trend analysis. S&E includes health fields (medical sciences and other health sciences) and excludes newly eligible fields
(architecture, communication, and family and consumer sciences/human sciences) added starting in 2007. Therefore, the S&E
numbers in this table differ from the data used in the Survey of Graduate Students and Postdoctorates in Science and Engineering

(GSS) (annual series) and elsewhere.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016), 2015 GSS.
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The number of full-time S&E graduate students supported by the federal government increased between 2000 and 2004
and was fairly stable through 2010, but it declined by 16% in the last 5 years, with the steepest decline between 2011 and 2014
(Appendix Table 2-8). Between 2000 and 2006, the proportion of full-time S&E students primarily supported by the federal
government remained fairly stable at 20%-21% but has declined since then, reaching its lowest level in at least 16 years in
2015 (15%) (Appendix Table 2-10). This decline was more pronounced in the biological, physical, and medical sciences
(Appendix Table 2-10).
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The federal government plays a substantial role in supporting full-time S&E graduate students in some fields but a smaller
role in others. Federal financial support for graduate education reaches a larger proportion of students in the physical
sciences; the biological sciences; the earth, atmospheric, and ocean sciences; and engineering (liFigure 2-7; Appendix Table
2-11). For some mechanisms of support, the federal role is fairly large. In 2015, the federal government funded 55% of full-
time S&E graduate students who were on traineeships, 45% of those with research assistantships (RAs), and 22% of those with
fellowships (Appendix Table 2-11).

FIGURE 2-7 ol

Full-time S&E graduate students with primary support from federal government, by field:
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Teaching assistantships (TAs) are generally institutionally funded. 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. Primary mechanisms of support
differ widely by S&E field of study GliFigure 2-8; Appendix Table 2-9). In 2015, full-time graduate students in physical sciences

were financially supported mainly through TAs (40%) and RAs (37%). RAs were also important in agricultural sciences (47%);
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earth, atmospheric, and ocean sciences (36%); biological sciences (33%); and engineering (31%; in particular, in materials and
chemical engineering). In mathematics and statistics, nearly half (47%) of the full-time students were supported primarily
through TAs.

FIGURE 2-8 1l

Full-time S&E graduate students, by field and mechanism of primary support: 2015
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Most federal financial support for graduate education is in the form of RAs funded through grants to universities for
academic research. RAs are the primary mechanism of support for 71% of federally supported full-time S&E graduate students
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(Appendix Table 2-8). Fellowships and traineeships are the means of funding for 22% of the federally funded full-time S&E
graduate students. For students supported through nonfederal sources in 2015, TAs (i.e., institutional funds) were the most
prominent mechanism (40%), followed by RAs (29%).

NSF and the National Institutes of Health (NIH) support most of the full-time S&E graduate students whose primary
support comes from the federal government, followed by the Department of Defense (DOD) (Appendix Table 2-12). In 2015,
NSF supported about 23,000 S&E graduate students, NIH about 21,000, and DOD about 8,000. Trends in federal agency
support of graduate students show considerable increases from 2000 to 2015 in the proportion of students funded by NSF,
from 22% to 32% (Appendix Table 2-12). NSF supported 58% of students in computer sciences or mathematics whose primary
support comes from the federal government; 51% of those in earth, atmospheric, and ocean sciences; 42% of those in the
physical sciences; and 39% of those in engineering overall (about 49% of those in electrical engineering and 48% of those in
chemical engineering) (Appendix Table 2-13). The proportion of students funded by NIH increased from 29% to 33% between
2000 and 2008 but has since decreased to 29%. In 2015, NIH funded about 70% of such students in the biological sciences,
57% of those in the medical sciences, and 36% of those in psychology. The proportion of graduate students supported by DOD
has been relatively stable around 10%-12% in the last 15 years. In 2015, DOD supported 47% of the S&E graduate students in
aerospace engineering, 31% of those in industrial engineering, 27% of those in electrical engineering, and 22%-23% of those
in materials and mechanical engineering and in computer sciences.

For doctoral degree students, notable differences exist in primary support mechanisms by type of doctorate-granting
institution (E Table 2-9). In 2015, RAs were the primary support mechanism for S&E doctorate recipients from research
universities (i.e., doctorate-granting institutions with very high research activity, that receive the most federal funding, and
those with high research activity). For those from medical schools, which are heavily funded by NIH, fellowships or
traineeships accounted for the main mechanism of support. Students at less research-intensive universities relied mostly on
personal funds.
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TABLE 2-9 EH

Primary support mechanisms for S&E doctorate recipients, by 2010 Carnegie classification of
doctorate-granting institution: 2015

(Percent distribution)

Research universities | Research universities Doctoral/ | Medical schools
. All . . . Other or not
Mechanism . — very high research — high research research and medical "
institutions . . . classified
activity activity universities centers
Doctorate
41,576 30,454 7,132 1,711 1,333 946
recipients (number)
All mechanisms 100.0 100.0 100.0 100.0 100.0 100.0
Fellowship or
20.0 22.2 11.8 10.8 30.9 13.8
traineeship
Grant 6.4 6.8 3.1 2.3 20.6 4.7
Teaching
16.6 16.6 22.8 8.2 1.4 7.6
assistantship
Research
33.0 36.1 29.7 9.9 23.7 1.4
assistantship
Personal 89 5.4 141 41.6 9.5 25.3
Other 3.6 3.0 5.3 6.1 4.7 3.2
Unknown 11.5 10.0 13.3 21.0 9.2 34.0

Note(s)
Personal support mechanisms include personal savings, other personal earnings, other family earnings or savings, and loans. Research
assistantships include research assistantships and other assistantships. Traineeships include internships and residencies. Other

support mechanisms include employer reimbursement or assistance, foreign support, and other sources. Percentages may not add to

total because of rounding.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016), 2015 Survey of Earned
Doctorates (SED).
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Notable differences also exist in primary support mechanisms for doctoral degree students by sex, race and ethnicity, and
citizenship (Appendix Table 2-14). In 2013-15, among U.S. citizens and permanent residents, male S&E doctorate recipients
were more likely than their female peers to be supported by RAs (31% compared with 22%). Female S&E doctorate recipients
were more likely than their male counterparts to receive fellowships or traineeships (28% versus 24%) and to support
themselves from personal sources (18% versus 10%). Also, Asians were more likely than any other racial or ethnic group to
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have primary RA support (32%), followed by whites (28%). Compared with other racial and ethnic groups, Hispanic and
American Indian or Alaska Native S&E doctorate recipients depended more on fellowships or traineeships (34% and 38%,
respectively), and blacks and American Indians or Alaska Natives were more likely to use personal sources (28% and 19%,
respectively). S&E doctorate recipients on temporary visas were more likely to have an RA (51%) than their U.S. citizen and
permanent resident peers (27%); this has been a long-standing pattern. S&E doctorate recipients who were temporary visa
holders were also less likely than U.S. citizens and permanent residents to use personal funds.

To some extent, the sex, citizenship, and racial and ethnic differences in types of support mechanisms are related to
differences in field of study. White and Asian men, as well as international doctoral degree students, are more likely than white
and Asian women, along with underrepresented minority students of both sexes, to receive doctorates in engineering and
physical sciences (see Appendix Table 2-14), fields that are largely supported by RAs. In turn, women and underrepresented
minorities are more likely to receive doctorates in social sciences (except for economics) and psychology, in which self-support
is prevalent. However, some differences in type of support by sex, race and ethnicity, or citizenship remain after accounting for
these doctoral field patterns. In 7 out of the 10 broad S&E fields presented in Appendix Table 2-14, men were more likely than
women to have had RA as primary sources of support during their doctoral studies. In contrast, in 7 out of the 10 broad S&E
fields, women were more likely to have used personal funds as a source of support. When looking at race and ethnicity
patterns in primary source of support among U.S. citizen and permanent residents, in 8 out of the 10 S&E broad fields, Asians
and whites were more likely to have used RA as primary source of support than underrepresented minorities.
Underrepresented minorities (blacks in particular) were more likely than Asians and whites to have used personal funds as
primary source of support in all the broad S&E fields (Appendix Table 2-14).

Overall, the variation in the use of RAs and personal funds as primary sources of support among doctorate recipients was
also largely visible at very high research intensive institutions.[2°]

Graduate Debt

At the time of doctoral degree conferral, 43% of 2015 S&E doctorate recipients had debt related to their undergraduate or
graduate education. In 2015, 29% of S&E doctorate recipients reported having undergraduate debt and 32% reported having
graduate debt. For some S&E doctorate recipients, debt levels were high, especially for graduate debt: 6% reported more than
$40,000 of undergraduate debt, 13% reported more than $40,000 of graduate debt, and 18% reported more than $40,000 in
cumulative undergraduate and graduate debt (Appendix Table 2-15).

Levels of debt vary widely by doctoral field. A higher percentage of doctorate recipients in non-S&E fields (52%) than those
in S&E fields (32%) reported graduate debt. In 2015, within S&E, high levels of graduate debt were most common among
doctorate recipients in the social sciences, psychology, and the medical and other health sciences. The proportion of doctorate
recipients in these fields who reported graduate debt has increased since 2003.[30] Psychology doctorate recipients were
most likely to report having graduate debt and high levels of debt.[31] In 2015, 27% of doctorate recipients in psychology
reported graduate debt of more than $70,000 (Appendix Table 2-15). Doctorate recipients in mathematics, computer sciences,
and physical sciences were the least likely to report graduate debt.

Men and women differed little in level of undergraduate debt, but women were more likely to have accumulated higher
graduate debt. U.S. doctorate holders accumulated more debt than temporary visa holders. Regardless of broad field of
doctorate, among U.S. citizen and permanent resident doctorate recipients with graduate-school debt, blacks, Hispanics, and
American Indians and Alaska Natives were more likely to have debt over $30,000 than Asians and whites (NSF/NCSES 2017b,
table 41). In all broad fields of study, blacks were more likely to have reported graduate-school debt higher than U.S. $30,000,
followed by Hispanics and American Indian or Alaska Natives. In contrast, Asians and whites were the least likely racial group
to report more than U.S. $30,000 in graduate-school debt. A higher level of graduate-school debt among underrepresented
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minority doctorate recipients than among their Asian and white counterparts, in all broad fields of study, was also observed at
very high research intensive institutions.[32]

1] For a crosswalk between the Classification of Instructional Programs codes and the academic fields in completion tables,
see https://webcaspar.nsf.gov/Help/dataMapHelpDisplay.jsp?
subHeader=DataSourceBySubject&type=DS&abbr=DEGS&noHeader=1&JS=No, accessed 1 March 2017.

[2] Special tabulation from the Survey of Earned Doctorates.

[31 Tribal colleges and universities (TCUs) are fully accredited academic institutions designated by law. TCUs include institutions
cited in the Equity and in Educational Land-Grant Status Act of 1994 and any other institution that qualifies for funding under
the Tribally Controlled Community College Assistance Act of 1978.

[4] Being a high-Hispanic-enrollment institution (public and private nonprofit institutions whose undergraduate, full-time
equivalent student enrollment is at least 25% Hispanic) is a factor in determining whether an institution is eligible for federal
grants, contracts, or benefits to expand educational opportunities and improve the educational attainment of Hispanic
students based on the Title V program under the Higher Education Act (also known as the Developing Hispanic-Serving
Institutions Program). Institutions participating in this federal program are called “Hispanic-Serving Institutions,” a term used
by many scholars in this field. For additional information, see https://www2.ed.gov/about/offices/list/ope/idues/
hsidivision.html (accessed 15 May 2017) and Nufiez et al. (2015).

(5] In addition to HHE, other MSIs defined by the proportion of students enrolled in them are Asian-serving; American Indian-
serving; other minority-serving; and non-minority serving. For more detail on all these categories, see Li 2007.

[6] See NSF/NCSES 2017a, Table 5-8, Table 5-9, and Table 5-10 for additional details.

[71 For the 2015 National Survey of College Graduates (NSCG), recent graduates include those who received their most recent
degree in the 5 years between 1 July 2008 and 30 June 2013.

(8] Special tabulation from the 2015 NSCG.
[91 Special tabulation from the 2015 NSCG.
[10] Special tabulation from the 2015 Fall Enroliment survey in https://ncsesdata.nsf.gov/webcaspar/
(111 Special tabulation from the 2015 Fall Enroliment survey in https://ncsesdata.nsf.gov/webcaspar/

[1211n 2011-12, IPEDS began asking institutions whether they were exclusively a distance education institution (i.e., whether all
their programs were offered via distance education, defined as “education that uses one or more technologies to deliver
instruction to students who are separated from the instructor and to support regular and substantive interaction between the
students and the instructor synchronously or asynchronously”). A distance education course is a course in which the
instructional content is delivered exclusively via distance education. A distance education program is a program for which all
the required coursework for program completion can be completed via distance education courses. Examinations, orientation,
and practical experience components of courses or programs are not considered instructional content. For more details, see
the IPEDS online glossary at https://nces.ed.gov/ipeds/glossary/.


https://webcaspar.nsf.gov/Help/dataMapHelpDisplay.jsp?subHeader=DataSourceBySubject&type=DS&abbr=DEGS&noHeader=1&JS=No
https://webcaspar.nsf.gov/Help/dataMapHelpDisplay.jsp?subHeader=DataSourceBySubject&type=DS&abbr=DEGS&noHeader=1&JS=No
https://www2.ed.gov/about/offices/list/ope/idues/hsidivision.html
https://www2.ed.gov/about/offices/list/ope/idues/hsidivision.html
https://ncsesdata.nsf.gov/webcaspar/
https://ncsesdata.nsf.gov/webcaspar/
https://nces.ed.gov/ipeds/glossary/
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(131 HarvardX and MITx are “collaborative institutional efforts between Harvard University and MIT to enhance campus-based
education, advance educational research, and increase access to online learning opportunities worldwide” (Chuang and Ho
2016).

[141 FTE enroliments are derived from the “Enrollment by Race/Ethnicity” section of the IPEDS Fall Enrollment survey. The FTE
of an institution’s part-time enrollment is estimated by multiplying part-time enrollment by factors that vary by control and
level of institution and level of student; the estimated FTE of part-time enroliment is then added to the institution’s FTE. The
Department of Education uses this formula to produce the FTE enrollment data published annually in the Digest of Education
Statistics.

[15] For the definition of “net tuition revenue,” see Glossary. Definitions of standard revenue and expenditure categories are
available in the Delta Cost Project data dictionary, available at http://www.deltacostproject.org/delta-cost-project-database.

[16] Another large source of revenue for very high research institutions is “hospitals, independent operations, and other
sources,” which includes revenue generated by hospitals operated by the institution and revenues independent of or
unrelated to instruction, research, or public services.

[17] Investment returns include realized and unrealized gains and losses. Institutions report the change in the value of their
investment account, which is the reason behind the negative values under this category in Appendix Table 2-5. Thus,
investment returns may not always represent revenue for the institution.

[1811n 2015, income from private and affiliated gifts, investment returns, and endowment income at private very high research
institutions was about $66,700 per FTE compared with about $27,700 in income from net tuition and $25,700 in income from
federal appropriations (Appendix Table 2-5).

(191 The 4-year and graduate institutions category includes the following 2010 Carnegie institution types: doctorate-granting
universities—high research activity, doctoral/research universities, master’s colleges and universities, and baccalaureate
colleges. The data in this section correspond to the public institutions.

[20] Community colleges are the public “associate’s colleges” in the 2010 Carnegie Classification of Institutions of Higher
Education.

[21] Despite this variability in spending from year to year, as a percent of each year’s total expenditures, instruction and all
other spending streams remained relatively constant between 2000 and 2015 for not only community colleges but all
institution types.

[221 The proportion of U.S.-trained doctorate holders employed at community colleges in adjunct positions grew from 12% in
1993 to 30% in 2015, according to estimates from the Survey of Doctorate Recipients. This suggests that one of the ways
community colleges may have reined in expenses during this period was to increase their reliance on adjuncts.

(231 n this study, “low-income” referred to high school seniors whose families are in the bottom quartile of the income
distribution. “High-achieving” referred to a student who scores at or above the 90th percentile on the ACT comprehensive or
the SAT I (math and verbal) and whose high school grade point average is A- or higher. In this research, a “selective college”
meant colleges and universities included in the categories from “Very Competitive Plus” to “Most Competitive” in Barron’s
Profiles of American Colleges (Hoxby and Avery 2013).


https://www.nsf.gov/cgi-bin/goodbye?http://www.deltacostproject.org/delta-cost-project-database
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[24] These percentages include students whose financial aid package included student loans in combination with grants or
other student aid, as well as those who only had student loans.

[25] Based on a special tabulation of the 2015 NSCG. A recent graduate is a respondent who received his or her most recent
bachelor’s degree between 1 July 2008 and 30 June 2013.

[26] |n the case of public 4-year institutions, data were not available for the District of Columbia. In the case of private
nonprofit 4-year or higher institutions, data were not available for Delaware, the District of Columbia, Hawaii, Idaho, Nevada,
North Dakota, Utah, and Wyoming.

[27] Although the survey frame included new institutions during this period, the impact of the new institutions was very small
and did not affect the overall trends. For additional information, see https://nsf.gov/statistics/2016/nsf16314/.

[28] The NSF/NCSES Survey of Graduate Students and Postdoctorates in Science and Engineering does not collect separate
data for the master’s and the doctoral level. For data on the primary source of financial support of doctorate recipients by
broad field of study, see Appendix Table 2-14.

(291 Special tabulations from the Survey of Earned Doctorates.

(301 For the proportions corresponding to the 2003 Survey of Earned Doctorates please see Appendix Table NSB 2006 2-23 at
https://nsf.gov/statistics/seind06/.

[31] Clinical psychology programs and programs that emphasize professional practice (professional schools and PsyD
programs) are associated with higher debt, but even in the more research-focused subfields of psychology, lower percentages
of doctorate recipients were debt free, and higher percentages had higher levels of debt, than those in other S&E fields. For
information on debt levels of clinical versus nonclinical psychology doctorates in 1993-96, see Psychology Doctorate
Recipients: How Much Financial Debt at Graduation? (NSF 00-321) at https://www.nsf.gov/statistics/issuebrf/sib00321.htm.
Accessed 5 May 2017.

[32] Special tabulations from the Survey of Earned Doctorates.


https://nsf.gov/statistics/2016/nsf16314/
https://nsf.gov/statistics/seind06
https://www.nsf.gov/statistics/issuebrf/sib00321.htm
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lSJtn%Iergraduate Education, Enrollment, and Degrees in the United
ates

Undergraduate education in S&E courses prepares students majoring in S&E for the workforce. It also prepares nonmajors
to become knowledgeable citizens with a basic understanding of science and mathematics concepts. This section includes
indicators related to enrollment by type of institution, field, and demographic characteristics; intentions to major in S&E fields;
and recent trends in the number of earned S&E degrees.

Undergraduate Enrollment in the United States

Overall Undergraduate Enroliment

Enrollment in U.S. institutions of higher education at all levels rose from 15.5 million students in fall 2000 to more than 20.2
million in fall 2015, with two main periods of high growth—between 2000 and 2002 and between 2007 and 2010, following a
pattern of rising enrollments when there are economic downturns. Undergraduate enrollment typically represents about 85%
of all postsecondary enroliment (Appendix Table 2-5).

Undergraduate enrollment peaked at 18.3 million in 2010 but declined to 17.3 million in 2015, still about 30% higher than
in 2000 (Appendix Table 2-5). As in previous years, the types of institutions enrolling the largest numbers of students at the
undergraduate level in 2015 were associate’s colleges (7.2 million, 42% of all undergraduates enrolled), master’s colleges/
universities (3.7 million, 21%), and doctorate-granting universities with very high research activity (2.1 million, 12%). Between
2000 and 2015, undergraduate enrollment increased consistently at most types of institutions (ranging between 22% and 35%
at research universities, master’s colleges, and baccalaureate colleges). (See sidebar B Carnegie Classification of Academic

Institutions for definitions of the types of academic institutions.)

Between 2000 and 2015, among U.S. citizens and permanent residents, the share of Hispanics and blacks enrolled full time
in undergraduate programs increased (from 10% to 17% and from 11% to 13%, respectively); the shares of Asians and Pacific
Islanders and of American Indians or Alaska Natives remained stable at about 6% and 1%, respectively; the share of whites
declined (from 68% to 55%) (liFigure 2-9). The most recent data show that about 3% of undergraduate students enrolled
report being of more than one race. In general, enrollment is higher among black, Hispanic, and white women than among
their male counterparts (special tabulation, IPEDS Fall Enroliment data; for additional data on undergraduate enrollment
patterns by sex and race and ethnicity, see NSF/NCSES 2017a).[1]
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FIGURE 2-9 lll
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Source(s)

National Center for Education Statistics, Integrated Postsecondary Education Data System (IPEDS), Fall Enroliment Survey; National

Science Foundation, National Center for Science and Engineering Statistics, WebCASPAR database, https://ncsesdata.nsf.gov/

webcaspar/.
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According to the latest Census Bureau projections, increased enrollment in higher education is expected to come mainly from
minority groups, particularly Hispanics (for details, see in Science and Engineering Indicators 2016 Chapter 2 [2016] section
Undergraduate Education Enrollment and Degrees in the United States [NSB 2016]). This increase may resultin a larger
number of academic institutions becoming high Hispanic enroliment and in considerable increases in the overall enroliment in

community colleges, because nearly half of all Hispanic undergraduates are enrolled in community colleges.[2]
Undergraduate Enrollment in S&E
Freshmen Intentions to Major in S&E

The enrollment data presented in the previous section are not available by field of study because academic institutions
vary in terms of when undergraduates declare a major, making it difficult to consistently measure enroliment by field. Since
1971, the annual The American Freshman: National Norms survey, administered by the Higher Education Research Institute at
the University of California, Los Angeles, has asked freshmen at a large number of universities and colleges about their
intended majors. Data show that in 2000, about one-third of all freshmen planned to study S&E; this proportion gradually rose
to 45% by 2016 (Eagan et al. 2017). [3] Increases in the proportion of freshmen planning to major in biological and agricultural
sciences and in engineering account for most of this growth. In 2016 about 45% of freshmen indicated they planned to major
in an S&E field (up from about 8% in 2000); about 16% in the biological and agricultural sciences; 11% in engineering; 10% in
the social and behavioral sciences; 6% in mathematics, statistics, or computer sciences; and 3% in the physical sciences.

International Undergraduate Enroliment

Based on recent data collected in the Student and Exchange Visitor Information System (SEVIS) at the Department of
Homeland Security, international undergraduate enrollment increased consistently from nearly 350,000 in fall 2012 to nearly
451,000 in fall 2016 but dropped to about 441,000 by fall 2017 (#8 Table 2-10).14] [5] Between 2016 and 2017, international
undergraduate enrollment in S&E fields remained steady, rising only 0.2% or 360 students, while declining 3.8% in non-S&E
fields during this time. The decline may reflect a smaller influx of international students in the United States, a declining
proportion of them staying in the United States than in the past, or a combination of these two factors.

In fall 2017, the top five countries sending S&E undergraduates to the United States were the same as in the previous year:
China, Saudi Arabia, India, South Korea, and Kuwait (Appendix Table 2-16). Compared to fall 2016, the number of S&E
undergraduates from China, India, and Kuwait enrolled in fall 2017 increased (by 3%, 11%, and 4% respectively) while the
number from Saudi Arabia and South Korea declined (by 18% and 7% respectively).

At the undergraduate level, in 2017 40% of international students were enrolled in S&E fields (B8 Table 2-10; Appendix Table
2-16). Within S&E, the broad fields with the highest enrollment of international students are engineering, computer sciences,
and the social sciences (particularly economics). In the most recent academic year, the number of visa holders increased in
computer sciences and mathematics (by 11% and 5% respectively). The largest declines in international student enroliment
were in engineering and social sciences (5% and 3% respectively) and also in non-S&E (4%). In 2017, the proportion of
undergraduate students enrolled in S&E fields was 50% or higher among students from Kuwait, Turkey, Malaysia, India, Nepal,
and Pakistan, similar overall to previous years.
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TABLE 2-10 FH

International students enrolled in U.S. higher education institutions, by broad field and
academic level: 2012-17

(Number)
Field and level 2012 2013 2014 2015 2016 2017

All fields
All levels 633,070 673,480 747,400 776,720 840,160 808,640
Undergraduate 349,400 371,990 405,930 416,350 450,850 440,720
Graduate 283,680 301,490 341,470 360,380 389,310 367,920

S&E fields

All levels 278,180 305,610 355,910 384,540 420,610 406,240
Undergraduate 115,800 130,050 147,790 157,820 176,570 176,930
Graduate 162,390 175,570 208,110 226,720 244,040 229,310

Non-S&E fields

All levels 354,890 367,870 391,500 392,190 419,550 402,400
Undergraduate 233,600 241,950 258,140 258,520 274,280 263,790
Graduate 121,290 125,920 133,360 133,660 145,270 138,610

Note(s)

Data include active foreign national students on F-1 visas and exclude those on optional practical training. Undergraduate level includes
associate's and bachelor’s degrees; graduate level includes master’s and doctoral degrees. Numbers are rounded to the nearest 10.
Detail may not add to total because of rounding. Fall data include students who are in the SEVIS database between 16 April and 15

November of each year.

Source(s)
U.S. Department of Homeland Security, U.S. Immigration and Customs Enforcement, special tabulations (2017), Student and Exchange
Visitor Information System (SEVIS) database.
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Engineering Enroliment

For the most part, U.S. undergraduates do not declare majors until their sophomore year, but engineering is an exception,
generally requiring students to declare a major in their freshman year. Thus, engineering enroliment data compiled by the
American Society for Engineering Education provides a glimpse into future undergraduate engineering degrees and student
interest in the field (Yoder 2017). In the last 10 years, undergraduate engineering enrollment has been on the rise. The
number of full-time undergraduate engineering students enrolled increased by 63% between 2006 and 2015, to about 610,000
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(Appendix Table 2-17). Full-time freshman enrollment followed a similar pattern, peaking at 150,000 in 2015, the highest since
1982, indicating that interest in an engineering career is high.

Attainment and Retention in Undergraduate Education

One concern about the United States' ability to produce and retain talent in science and engineering is that students who
start undergraduate programs in these fields do not complete them (President’s Council of Advisors on Science and
Technology 2012). Some drop out and do not complete any degree and others complete their degrees after switching to non-
science, technology, engineering, and mathematics (STEM) majors. Degree attainment and retention are best measured by the
Beginning Postsecondary Students (BPS) survey, which examined a nationally representative cohort of first-time, beginning
students at the end of their first year in 2011-12, followed up with them 3 years later, and will contact them 6 years later.[6]
Of the students surveyed in 2011-12, 43% enrolled in 2-year institutions, 53% enrolled in 4-year institutions, and 5% in less
than 2-year institutions.[”] Overall, the data provide limited evidence that retention patterns vary across S&E and non-S&E
fields of study.

Three years after enrolling in a 2-year institution in the 2011-12 academic year, about 55% of students had either
completed an associate's degree (12%) or remained enrolled in school (at the same or another institution) without having
earned a degree (43%); the remaining 45% were no longer enrolled at any institution and had not attained a degree (E8 Table
2-11). Overall, the level of degree attainment or continued enrollment did not vary much by students’ declared major field of
study. However, students who had been undecided about their major in 2011-12 were more likely to be no longer enrolled at
any institution without having earned a degree by the spring of 2014: 55% of those with undecided majors were no longer
enrolled compared to 43% of those with majors in the natural sciences and engineering, 40% of those in the social and
behavioral sciences, and 45% of those in the non-S&E fields respectively.

In 4-year colleges and universities, 3 years after enrolling, the vast majority of students, were still enrolled either at their
first institution or at another institution without having earned a credential (76%) or had attained an associate’s or bachelor’s
degree (6%); about 18% had not earned a degree and were no longer enrolled at any institution. Overall those who had
declared a major in S&E fields (natural sciences, engineering, and social and behavioral sciences) were slightly more likely to
be enrolled 3 years later than students who had declared a non-S&E major (78% for natural sciences and engineering and 80%
for social sciences compared to 74% for non-S&E majors). In addition, a higher proportion of students who declared a non-
S&E major were somewhat more likely to be no longer enrolled at any institution (20%) than those who had declared a natural

sciences and engineering (16%) or a social and behavioral sciences major (15%) (2 Table 2-11).
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TABLE 2-11 FH

Retention and attainment of postsecondary students at the first academic institution attended
through June 2014, by level of first institution and major field category: 2013-14

(Percent distribution)

Type of institution and major in 2011-122 Number | Bachelor's | Associate's No degree, still enrolled | No degree, left

2-year institutions

All majors 1,697,800 S 121 43.4 44.5
Natural sciences and engineering? 224,600 s 13.3 44.0 42.7
Social and behavioral sciences 63,800 S 15.4 44.6 40.0
Non-S&E 1,283,000 s 123 43.2 44.5
Undecided 69,700 S s 34.7 54.7

4-year institutions

All majors 2,224,700 2.7 3.2 76.0 18.1
Natural sciences and engineering® 504,800 2.4 3.4 77.9 16.3
Social and behavioral sciences 227,200 2.8 2.0 80.3 14.9
Non-S&E 1,357,200 2.9 3.6 74.0 19.5
Undecided 117,900 S S 85.2 12.8

s = suppressed for reasons of confidentiality and/or reliability.
a Refers to the first major declared by students.

b Includes engineering technologies and science technologies.

Note(s)

Percentages may not add to total because of rounding.

Source(s)
National Center for Education Statistics, 2011-12 Beginning Postsecondary Students Longitudinal Study First Follow-up (BPS:12/14).
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Field Switching

Among undergraduates who began postsecondary education in a 4-year institution, the majority who had declared a major
during their first year in 2011-12 continued in the same major 3 years later. A larger proportion of students who declared a
major in a non-S&E field (82%) than students who declared a natural sciences and engineering (69%) or social and behavioral

sciences (67%) major remained in their field 3 years after beginning their postsecondary education ( Table 2-12). Of the
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students who had not decided on a major in their first year, about equal proportions were enrolled in S&E (43%) or non-S&E

(44%) fields 3 years later; the remainder continued to be undecided.

Although a greater proportion of students who started as S&E majors switched to a non-S&E field than the other way
around, major switching resulted in a net increase in the number of S&E students. The absolute number of students switching
into S&E fields is larger than those switching out because more than half of students start in non-S&E or undeclared majors
(EB Table 2-12). Thus, the relatively small proportion of non-S&E students who later switch into S&E fields constitutes a larger

number than the relatively large proportion of S&E students who switch out.

TABLE 2-12 ER

Major switching among first-time postsecondary students beginning 4-year colleges and
universities in 2011-12: 2013-14

(Percent distribution)

Major when last enrolled in 2013-14

Major in 2011-12 Number
Natural sciences and engineering | Social and behavioral sciences | Non-S&E | Undecided
All majors 2,237,000 21.8 12.2 60.4 5.6
Natural sciences and
506,000 69.1 5.0 21.7 4.2
engineering
Social and behavioral sciences 229,100 5.1 67.3 24.3 3.3
Non-S&E 1,371,200 7.2 4.9 81.9 6.0
Undecided 118,400 21.8 21.0 443 12.9
Note(s)

Percentages may not add to total because of rounding.

Source(s)
National Center for Education Statistics, 2011-12 Beginning Postsecondary Students Longitudinal Study First Follow-up (BPS:12/14).
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Undergraduate Degree Awards

The number of undergraduate degrees awarded by U.S. academic institutions has been increasing over the past two
decades in S&E and non-S&E fields. According to projections from the Department of Education, these trends are expected to

continue at least through 2024 (Hussar and Bailey 2016).

S&E Associate’s Degrees

Community colleges often are 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, but others
continue their education at 4-year colleges or universities and subsequently earn higher degrees. About 19% of recent S&E
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bachelor’s degree holders—those who had earned their degree between academic years 2008-09 and 2012-13—had
previously earned an associate’s degree.[8] Many who transfer to baccalaureate-granting institutions do not earn associate’s
degrees before transferring; they may be able to transfer credit for specific courses.[9]

In 2015, 91,000 out of more than 1 million associate’s degrees were in S&E fields (Appendix Table 2-18). S&E associate’s
degrees from all types of academic institutions declined between 2003 and 2007 but have been rising continuously since then.
Until 2012, the overall trend mirrored the pattern of computer sciences, which account for a large portion of S&E associate’s
degrees and peaked in 2003, declined through 2007, and increased through 2012.[10] Between 2012 and 2015, the number of
S&E associate's degrees continued to increase despite a decline in the number of associate’s degrees awarded in computer
sciences.

The number of associate’s degrees in S&E technologies, not included in S&E degree totals because of their applied focus,
grew by 72% since 2000. In 2015, about 144,000 associate's degrees were awarded in S&E technologies, down from 166,000 in
2012. Associate’s degrees in these fields accounted for 14% of all associate's degrees in 2015; this proportion has ranged
between 13% and 16% since 2000. Nearly three-quarters of the associate’s degrees in S&E technologies are in health
technologies, and close to one-quarter are in engineering technologies. The proportion of associate’s degrees in engineering
technologies, however, has declined from 48% of all S&E technologies degrees in 2000 to 24% in 2015 (or from 7% of all
associate’s degrees to 3%), whereas the proportion of associate’s degrees in health technologies has increased from 50% in
2000 to 73% in 2013 (or from 7% of all associate’s degrees to 10%).

S&E Associate’s Degrees by Sex

Women earned 60% to 62% of all associate's degrees awarded between 2000 and 2015 (Appendix Table 2-18). The
proportion of women earning S&E associate’s degrees, however, declined from 48% in 2000 to 44% in 2015. Most of the
decline is attributable to a decrease in women's share of computer sciences associate’s degrees, which dropped continuously
from 42% in 2000 to 21% in 2015.

S&E Associate’s Degrees by Race and Ethnicity

Students from underrepresented minority groups (blacks, Hispanics, and American Indians and Alaska Natives) earn a
higher proportion of associate’s degrees than of bachelor’s or more advanced degrees, in S&E fields and in all fields.[11] (See
the S&E Bachelor’s Degrees by Race and Ethnicity and S&E Doctoral Degrees by Race and Ethnicity sections.) In 2015,
underrepresented minorities earned 35% of S&E associate’s degrees—more than 40% of all associate’s degrees in social and
behavioral sciences; 39% of those in the biological sciences; about 30% of those in physical sciences, mathematics, and
computer sciences; and 23% of those in engineering (Appendix Table 2-19).

S&E Associate’s Degrees by Sex and Race and Ethnicity

In 2015, women earned more than half of the associate’s degrees awarded to their respective racial or ethnic group in the
social and behavioral sciences and in non-S&E fields, but less than half of those in the natural sciences and in engineering
(Appendix Table 2-20). In all racial and ethnic groups, the difference was particularly large in engineering (between 56% and
80%, with the largest gap among blacks) and lower in the natural sciences (between 20% and 48%; with the largest gap among
whites). In the last 15 years, the gender gap in the natural sciences grew in all racial and ethnic groups. During this period, the
gender gap in engineering remained at similar levels among whites, Hispanics, and American Indians or Alaska Natives, but
increased among blacks and declined among Asians or Pacific Islanders (for additional data, see NSF/NCSES 2017a).

S&E Bachelor’s Degrees

The baccalaureate is the most prevalent S&E degree, accounting for nearly 70% of all S&E degrees awarded. S&E bachelor’s
degrees have consistently accounted for roughly one-third of all bachelor’s degrees for at least the past 15 years (Appendix
Table 2-21). The number of S&E bachelor’s degrees awarded rose steadily from about 400,000 in 2000 to more than 650,000 in
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2015 (Appendix Table 2-21).[12] During this period, the number of bachelor’s degrees awarded increased fairly consistently,
although to different extents, in all S&E fields. The exception was computer sciences, where the number increased sharply

from 2000 to 2004, dropped as sharply through 2009, but has been increasing again since then (i Figure 2-10; Appendix Table
2-21).

FIGURE 2-10 i

S&E bachelor’s degrees, by field: 2000-15
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S&E Bachelor’s Degrees by Sex
Since 1982, women have outnumbered men in undergraduate education. Since the late 1990s, they have earned about

57% of all bachelor’s degrees and half of all S&E bachelor's degrees (NSF/NCSES 2017a).

Men and women prefer different fields of study; these tendencies continue at the master’s and doctoral levels. In 2015,

men earned the vast majority of bachelor's degrees awarded in engineering, computer sciences, and physics and more than
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half of the degrees in mathematics and statistics. Women earned half or more of the bachelor's degrees in psychology,
biological sciences, agricultural sciences, and all the broad fields within social sciences except for economics (Appendix Table
2-21).

Since 2000, changes have not followed a consistent pattern. The share of bachelor’s degrees awarded to women declined,
particularly in computer sciences (by 10%) and in mathematics and statistics (by 5%) (liFigure 2-11; Appendix Table 2-21).
Agricultural sciences is the field in which the proportion of bachelor’s degrees awarded to women grew the most during this
period (by 9%) (Appendix Table 2-21).

FIGURE 2-11 i

Women's share of S&E bachelor's degrees, by field: 2000-15
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S&E Bachelor’s Degrees by Race and Ethnicity

The racial and ethnic composition of the cohort of S&E bachelor’s degree recipients has changed over time, reflecting
population changes and increasing rates of college attendance by members of minority groups.[13!

Excluding temporary visa holders, between 2000 and 2015, the number of S&E bachelor’s degrees earned by white
students increased, but their share declined from 71% to 61% (liFigure 2-12; Appendix Table 2-22). The share awarded to
Hispanic students increased from 7% to 13%, and the share awarded to Asians increased from 9% to 10%. The share awarded
to blacks (9%) has remained flat since 2000, and the share awarded to American Indians or Alaska Natives dropped from 0.7%
to 0.5% in this period. The number of S&E bachelor’s degrees earned by students of other or unknown race or ethnicity nearly
doubled to about 27,000 in 2015 (about 4% of all S&E bachelor’s degree recipients), suggesting that the specific percentages
just cited are best viewed as approximations.
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FIGURE 2-12 i

Share of S&E bachelor’s degrees among U.S. citizens and permanent residents, by race and
ethnicity: 2000-15
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Some of these trends may reflect changes in the way NCES and other federal statistical agencies began collecting race and
ethnicity data under the Office of Management and Budget's most recent guidelines, which include students of multiple races
starting with the data from the 2011 IPEDS Completions survey.[14] The new race and ethnicity categories now allow students
who in the past may have reported their race or ethnicity to be American Indian or Alaska Native, Asian or Other Pacific
Islander, black, Hispanic, or white, to be classified as a student of multiple races. As a result, this category reached about
20,000 bachelor’s degree awards in 2015. However, because the trends discussed previously had also been observed before
2011, itis unlikely that the changes in the racial or ethnic categories contributed to the declines or increases to a very large
extent.

Over more than three decades, the gap in educational attainment at the bachelor’s level between young minorities and
whites has narrowed but continues to be wide. From 1980 to 2015, the percentage of the population ages 25-29 with a
bachelor’s or higher degree in any field changed from 12% to 21% for blacks, 8% to 16% for Hispanics, and 25% to 43% for
whites (NCES 2017). Their continuing differences with whites reflect lower rates of high school completion, college enroliment,
and college persistence and attainment. (For information on immediate post-high school college enrollment rates, see
Chapter 1 section Transition to Higher Education.)

Among those who did graduate from college in 2015, all groups but Asians and Pacific Islanders shared a similar
distribution across broad S&E fields. Between 10% and 13% of all baccalaureate degrees were in the natural sciences, and 2%-
5% were in in engineering. In contrast, Asians and Pacific Islanders were more likely than any of the other groups to earn
degrees in the natural sciences (24%) and engineering fields (9%) (Appendix Table 2-22).

Since 2000, the total number of bachelor’s degrees in all fields and in S&E fields overall increased for most racial and ethnic
groups (Appendix Table 2-22). The exception was computer sciences. Degrees in this field increased considerably through
2003-04, sharply declined through 2008-09, then started to increase again, with degrees earned by Hispanics and whites
exceeding their previous 2004 highs (57% higher for Hispanics, 6% higher for whites).[15]

S&E Bachelor’s Degrees by Sex and Race and Ethnicity

In 2015, underrepresented minority women earned more than half of all S&E bachelor’s degrees in their respective racial
or ethnic groups, whereas white and Asian women earned close to half of them (Appendix Table 2-20). Women in all racial and
ethnic groups earned the majority of bachelor’s degrees in the social and behavioral sciences and in non-S&E fields, and about
half of those in the natural sciences. In all racial and ethnic groups, the differences in the number of bachelor's degree awards
between women and men is particularly high in engineering. Among underrepresented minority groups, gender gaps in
engineering and the natural sciences became more pronounced between 2000 and 2015, particularly among blacks. The
proportion of bachelor’s degree awards in engineering to black women declined from 36% to 25% between 2000 and 2015; in
the natural sciences, they declined from nearly 60% in 2000 to 52% in 2015 (for additional data by field of study, see NSF/
NCSES 2017a).

S&E Bachelor’s Degrees by Citizenship

Students on temporary visas in the United States have consistently earned a small share (about 4%-5%) of S&E degrees at
the bachelor’s level. In 2015, these students earned a substantially larger share of bachelor’s degrees awarded in economics
(17%); mathematics and statistics (14%); and in industrial, electrical, and chemical engineering (11%-13%). The total number of
S&E bachelor’s degrees awarded to students on temporary visas increased from about 15,000 in 2000 to about 19,000 in 2004,
then declined to less than 17,000 by 2008, but it has increased continuously since then, peaking at almost 33,000 in 2015
(Appendix Table 2-22).

[1] For the most recent nationally representative data on undergraduate student enroliment by disability status, see NSB 2016
and NSF/NCSES 2017a.
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[2] Special tabulation from the IPEDS Fall Enroliment survey, available at https://ncsesdata.nsf.gov/webcaspar/.
[3] For details on freshmen intention to major in S&E by demographics, see NSB 2016.

[“IThe data in this section include international students pursuing both bachelor’s and associate’s degrees. The data come
from the Student and Exchange Visitor Information System (SEVIS). SEVIS collects administrative data, including the numbers
of all international students enrolled in colleges and universities in the United States. Data include students who are in the
SEVIS database between April 16 and November 15 of each year.

[5] The data include active foreign national students on F-1 visas in the SEVIS database, excluding those participating in
optional practical training (OPT). Students with F visas have the option of working in the United States by engaging in OPT,
temporary employment directly related to the student’s major area of study, during or after completion of the degree
program. Students can apply for 12 months of OPT at each level of education. Starting in 2008, students in certain STEM fields
became eligible for an additional 17 months of OPT. The number of students in OPT varies according to labor market
conditions.

[6] See https://nces.ed.gov/surveys/bps/about.asp. Accessed 8 May 2017.
[7] Special tabulation from the Beginning Postsecondary Student survey.

[8] Based on a special tabulation of the 2015 NSCG. A recent graduate is a respondent who received his or her most recent
degree between 1 July 2008 and 30 June 2013.

[91 Some credentials in the form of certificates take up to a year to complete. Recent research on licenses and certification
from the Census Bureau’s Survey of Income and Program Participation shows that the vast majority of these types of
credentials are in health care, education, and trades; business/finance management; legal/social services; and other non-S&E
fields. Only 2% of the licenses and certifications are in S&E, specifically in computer sciences (Ewert and Kominski 2014).

[10] Data on degree completion from NCES were obtained from WebCASPAR (https://webcaspar.nsf.gov/). Data uploaded in
WebCASPAR correspond to NCES provisional data, which undergo all NCES data quality control procedures and are imputed
for nonresponding institutions. These data are used by NCES in its First Look (Provisional Data) publications.

111 Data for racial and ethnic groups are for U.S. citizens and permanent residents only.

[12] Data on degree completion from NCES were obtained from WebCASPAR (https://webcaspar.nsf.gov/). Data uploaded in
WebCASPAR correspond to NCES provisional data, which undergo all NCES data quality control procedures and are imputed
for nonresponding institutions. These data are used by NCES in its First Look (Provisional Data) publications.

[13] Data for racial and ethnic groups are for U.S. citizens and permanent residents only.

[14] For details on the changes in the race and ethnicity categories in IPEDS, see https://nces.ed.gov/ipeds/Section/
ana_Changes_to_25_2007_169. Accessed 21 August 2017.

[15] For patterns on S&E bachelor’s degrees awarded to minority men and minority women, see NSF/NCSES 2017a.


https://ncsesdata.nsf.gov/webcaspar/
https://nces.ed.gov/surveys/bps/about.asp
https://webcaspar.nsf.gov/
https://webcaspar.nsf.gov/
https://nces.ed.gov/ipeds/Section/ana_Changes_to_25_2007_169
https://nces.ed.gov/ipeds/Section/ana_Changes_to_25_2007_169
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Graduate Education, Enrollment, and Degrees in the United States

Graduate education in S&E contributes to a country's global competitiveness by producing the highly skilled workers of the
future and the research needed for a knowledge-based economy. This section includes indicators related to S&E graduate
enrolliment and degree awards in the United States including participation by women, minorities, and international students in
U.S. graduate education.

Graduate Enrollment by Field

S&E graduate enrollment in the United States reached nearly 668,000 in 2015, an increase of about 35% since 2000
(Appendix Table 2-23).[1] Most of the growth in this period occurred in the 2000s, with stable enrollment between 2008 and
2013 and resumed growth in 2014 and 2015. The highest enrollment growth was recorded in computer sciences, mathematics
and statistics, medical sciences, and engineering. Most other S&E fields also had substantial growth. Enroliment in the social
sciences grew from 83,000 in 2000 to 111,000 in 2011, then declined to 103,000 by 2015.

Enrollment in computer sciences had increased gradually or remained stable through 2012, then accelerated from 52,000
to more than 86,000 in only 3 years. Temporary visa students accounted for most of this growth (Appendix Table 2-23). Along
the same lines, the number of first-time, full-time graduate students in computer sciences, an indicator of developing trends,
nearly doubled in the last 3 years (Appendix Table 2-24).

In 2015, first-time, full-time graduate enrollees accounted for 24% of total S&E graduate enrollment. These students are
typically pursuing a master’s or a doctoral degree right after or within about a year after earning their undergraduate degree.
This indicator can be sensitive to economic conditions; for example, high unemployment tends to lead to an increase in first-
time, full-time graduate enrollment. Between 2000 and 2015, first-time, full-time graduate S&E enrollment has increased fairly
steadily in most broad S&E fields while peaking in engineering, computer sciences, mathematics and statistics, agricultural,
and biological sciences. In psychology and in the social sciences, the number of first-time, full-time graduate students had
declined slightly in recent years but the numbers in these two broad fields increased in 2015 (Appendix Table 2-24).[2]

Graduate Enroliment of International Students

Since 2008, S&E graduate students with temporary visas have kept U.S. graduate enrollment in these fields from shrinking.
Since that year, these students’ share has risen from 26% to 36% of the total, making them an ever more vital part of this
critical enterprise. Although enrollment of international students in S&E fields has been on the rise, graduate enroliment of
U.S. citizens and permanent residents declined between 2008 and 2013 but slowly started growing again in 2014 (Appendix
Table 2-25). In 2015, about 240,000 international students on temporary visas were enrolled in S&E graduate programs,
representing 36% of total U.S. graduate enrollment. The proportion of international enroliment was highest—47% or higher—
in computer sciences, engineering (particularly high in electrical engineering), mathematics and statistics, and economics.[3!

After a post-9/11 decline, the numbers of first-time, full-time international graduate students enrolled increased steadily in
most broad fields through 2015 (Appendix Table 2-24). Declines and subsequent increases in number were concentrated in
engineering and computer sciences, the fields heavily favored by international students. Between 2000 and 2015, the
proportion of first-time, full-time S&E international students increased, particularly in computer sciences and mathematics
and statistics.

Most recently, data from SEVIS show an overall 6% decline in international graduate students from fall 2016 to fall 2017
(FTable 2-10; Appendix Table 2-26).[4] As stated previously, this decline may reflect a smaller influx of international students
in the United States, and given the way these data are collected, it may also reflect a smaller portion of international students
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staying in the United States to pursue another degree.[5] In 2017, 62% of all international students in graduate programs at
U.S. institutions were enrolled in S&E fields. Between fall 2016 and fall 2017, the number of international graduate students
enrolled in S&E fields decreased most in computer sciences (from 70,600 to 61,500) and engineering (from 96,300 to 89,000).
The number of international students enrolled in mathematics increased (from 15,800 to 18,100) and remained at fairly
similar levels in other S&E fields.

The top sending locations in 2017 continued to be India and China, accounting for 69% of the international S&E graduate
students in the United States, followed by Iran, South Korea, Saudi Arabia, and Taiwan (Appendix Table 2-26). Compared to
2016, the number of graduate S&E students from India, Saudi Arabia, Iran, and South Korea declined in 2017 (by 19%, 11%,
1%, and 1% respectively) while the number from China and Taiwan increased (by 4% and 5% respectively).

About 8 in 10 graduate students from India, Iran, Bangladesh, and Sri Lanka and more than 6 in 10 of graduate students
from China, Pakistan, and Nepal were enrolled in an S&E field. In the case of Iran, more than half of them were enrolled in
engineering; in the case of Bangladesh, 42%. In contrast, more than 60% of the international students from Canada, South
Korea, Brazil and Japan were enrolled in non-S&E fields.

S&E Master's Degrees

In some fields, such as engineering and geosciences, a master’s degree can fully prepare students for an established career
track. In other fields, master’s degrees primarily mark a step toward doctoral degrees. Master's degrees awarded in S&E fields
nearly doubled from about 96,000 in 2000 to about 181,000 in 2015 (Appendix Table 2-27).[6] Increases occurred in all major
science fields and were strongest in mathematics and statistics, biological sciences, computer sciences, and engineering
(Appendix Table 2-27). In computer sciences and engineering, the number of master’s degrees awarded declined between
2004 and 2007, similar to bachelor’s degrees, but it has since increased and in 2015 was the highest in the last 16 years
(i Figure 2-13).
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FIGURE 2-13 dli

S&E master's degrees, by field: 2000-15
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Source(s)
National Center for Education Statistics, Integrated Postsecondary Education Data System (IPEDS), Completions Survey; National
Science Foundation, National Center for Science and Engineering Statistics, WebCASPAR database, https://ncsesdata.nsf.gov/
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Professional Science Master's (PSM) programs, which stress interdisciplinary training, are a relatively new direction in
graduate education. PSM degrees provide advanced training in an S&E field beyond the bachelor’s degree level while also
developing administrative and business skills that are valued by employers, such as leadership, project management,
teamwork, and communication (for details on PSM degrees, see NSB 2014:2-30). As of January 2017, there were 355 PSM
programs within 165 institutions; the most popular PSM programs were in the fields of biotechnology, biomedical, and
pharmaceuticals; environmental science, ocean science, sustainability, and geographic information systems; and computer

sciences, analytics, and big data or statistics (PSM 2017).
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S&E Master’s Degrees by Sex

The number of S&E master’s degrees earned by men and women rose between 2000 and 2015 (i Figure 2-14). In 2000,
women earned 43% of all S&E master's degrees; by 2015, they earned 45% (Appendix Table 2-27). Among U.S. citizens and
permanent residents, women earned half of all S&E master’s degrees (NSF/NCSES 2017a).

Women's share of S&E master’s degrees varies widely by field. As with bachelor’s degrees, in 2015, women earned a
majority of master’s degrees in psychology, biological sciences, agricultural sciences, and most social sciences except
economics, but lower proportions of master’s degrees in engineering, computer sciences, and physics. Between 2000 and
2015, the proportion of master’s degrees earned by women increased in engineering (21% to 24%), economics (38% to 41%),
and physics (20% to 23%), but declined in computer sciences (33% to 31%) (Appendix Table 2-27).

FIGURE 2-14 i

S&E master’s degrees, by sex of recipient: 2000-15
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Source(s)
National Center for Education Statistics, Integrated Postsecondary Education Data System (IPEDS), Completions Survey; National
Science Foundation, National Center for Science and Engineering Statistics, WebCASPAR database, https://ncsesdata.nsf.gov/

webcaspar/.
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S&E Master’s Degrees by Race and Ethnicity

The number of S&E master’s degrees awarded to U.S. citizens and permanent residents increased for all racial and ethnic
groups between 2000 and 2015 (liFigure 2-15; Appendix Table 2-28).L7] The number of S&E master’s degrees earned by
underrepresented minorities (25,200) is less than half the number earned by temporary visa holders (59,000).

The proportion of U.S. S&E master’s degrees earned by underrepresented racial and ethnic minorities increased from 14%
to 21% between 2000 and 2015; the proportion earned by whites fell from 70% to 60%. The trends are similar to those found
in the data on bachelor’s degree awards among racial and ethnic groups. Blacks accounted for 11% of S&E master’s degree
recipients in 2015, up from 8% in 2000; Hispanics accounted for 9%, up from 5%; and American Indians and Alaska Natives
accounted for 0.4%, similar to the proportion in 2000. The proportion of Asian and Pacific Islander S&E recipients declined
from 10% to 9% in this period.

Some of the changes by race and ethnicity over time may reflect changes in the way NCES and other federal statistical
agencies collect information on this topic. Beginning in 2011, some students may be classified as multiracial who in the past
may have been reported as American Indian or Alaska Native, Asian and Pacific Islander, black, Hispanic, or white. The number
of students with a multiracial identity accounted for about 13,000 master’s degree awards in 2015. However, because the
trends by race and ethnicity discussed here had also been observed before 2011, it is unlikely that the changes in the racial or
ethnic categories contributed to the declines or increases to a very large extent.



.2 National Science Board | Science & Engineering Indicators 2018 2| 66

| cHAPTER2 | Higher Education in Science and Engineering

FIGURE 2-15 dli

S&E master’s degrees, by race, ethnicity, and citizenship: 2000-15
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Source(s)
National Center for Education Statistics, Integrated Postsecondary Education Data System (IPEDS), Completions Survey; National
Science Foundation, National Center for Science and Engineering Statistics, WebCASPAR database, https://ncsesdata.nsf.gov/

webcaspar/.
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S&E Master’s Degrees by Sex and Race and Ethnicity

In 2015, women earned more than half of the master’s degrees awarded to their respective racial or ethnic group in the
social and behavioral sciences and in non-S&E fields but less than half of those in the natural sciences and engineering.
Between 2000 and 2015, the proportion of natural sciences and engineering master’'s degrees awarded to women rose among
American Indians or Alaska Natives, declined among blacks, and remained relatively stable among Hispanics (Appendix Table
2-20). (For additional details by field, see NSF/NCSES 2017a.)

S&E Master’s Degrees by Citizenship

In 2015, 59,000 international students earned an S&E master’s degree in the United States, up from nearly 25,000 in 2000.
International students make up a much higher proportion of S&E master’s degree recipients than of bachelor’s or associate’s
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degree recipients, but they make up a smaller proportion of S&E doctoral degrees. In 2015, international students earned 35%
of S&E master’s degrees, up from 26% in 2000. Their degrees were heavily concentrated in computer sciences, economics,
mathematics and statistics, and engineering, where they received about half or more of all master’s degrees awarded in 2015
(Appendix Table 2-28). Within engineering, students on temporary visas earned 70% of the master’s degrees awarded in
electrical engineering and more than half of the master’s degrees in chemical and materials engineering.

In 2015, the number of S&E master’s degrees awarded to students on temporary visas reached its highest point in recent
years (59,000), after a sharp decline between 2004 and 2007. Most of the drop during this period was accounted for by
decreasing numbers of temporary visa holders in the computer sciences and engineering fields, but in both fields, numbers
rebounded by more than 50% in the following years.

S&E Doctoral Degrees

Doctoral education in the United States generates new knowledge by closely linking specialized education and hands-on
research experience. The results are important for the society as a whole and for U.S. competitiveness in a global knowledge-
based economy, as they prepare a new generation of researchers and a highly skilled workforce for various sectors of the
economy including academia, industry, government, and nonprofit organizations. Decades-long participation of large and
growing numbers of temporary visa holders attests to the attractiveness of U.S. doctoral education.

The number of S&E doctorates conferred annually by U.S. universities increased from nearly 28,000 in 2000 to 45,000 in
2015 (Appendix Table 2-29). U.S. citizens and permanent residents as well as temporary visa holders contributed to this
growth (for a discussion on international doctoral recipients who stay in the United States after obtaining their degree, see
Chapter 3).[8] The largest increases in S&E doctorates between 2000 and 2015 were in engineering and computer sciences
(hFigure 2-16).19]
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FIGURE 2-16 dll

S&E doctoral degrees earned in U.S. universities, by field: 2000-15
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National Center for Education Statistics, Integrated Postsecondary Education Data System (IPEDS), Completions Survey; National
Science Foundation, National Center for Science and Engineering Statistics, WebCASPAR database, https://ncsesdata.nsf.gov/
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Time to Doctoral Degree Completion

The time required to earn a doctoral degree and the success rates of those entering doctoral programs are important for
those pursuing a degree, the universities awarding the degree, and the agencies and organizations funding doctoral study.
Longer times to degree mean lost earnings and a higher risk of attrition. Median time to degree (as measured by time from
graduate school entry to doctorate receipt) increased through the mid-1990s but has since decreased in all S&E fields from 7.7
to 6.8 years (Appendix Table 2-30). The physical sciences and mathematics had the shortest time to degree, whereas the social

sciences and medical and other health sciences had the longest.
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Time to degree varied among institution types (see sidebar ¥ Carnegie Classification of Academic Institutions) and was

typically longer at universities that were less strongly oriented toward research (B Table 2-13). Consequently, time to degree
was shortest at research universities with very high research activity (6.7 years in 2015, down from 7.2 years in 2000).
Doctorate recipients at medical schools also finished relatively quickly (6.7 years in 2015).

The median time to degree varies by demographic groups, but these variations reflect differences among broad fields of
study. In 2015, across all doctorate recipients, women had a longer time to degree than men (7.7 versus 7.2 years,
respectively) (Appendix Table 2-31). However, with few exceptions, these differences were very small when comparing men
and women within broad S&E fields. In engineering, women took slightly less time than men (6.3 versus 6.7 years,
respectively), and in medical and other health sciences, the difference reversed and was considerably larger (9.7 for women
versus 7.7 years for men).

In most natural sciences and engineering fields, time to degree was longer for temporary visa holders than for U.S.
students, particularly in the physical sciences (6.7 versus 5.7 years, respectively). However, in the medical and other health
sciences, as in computer sciences, temporary visa holders finished faster. Among U.S. citizen and permanent resident
students, in most broad S&E fields, median time to degree was shorter for whites than for other groups.
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TABLE 2-13

Median number of years from entering graduate school to receipt of S&E doctorate, by 2010
Carnegie classification of doctorate-granting institution: 2000-15

(Median number of years)

Medical schools

S All Research universities — | Research universities — | Doctoral/ research and medical Other or not

institutions | very high research activity high research activity universities centers classified
2000 7.5 7.2 8.2 9.2 7.2 79
2001 7.2 7.2 8.2 9.7 6.9 7.7
2002 7.5 7.2 8.1 9.9 6.9 8.2
2003 7.6 7.2 8.2 9.7 6.9 9.0
2004 7.2 7.0 8.0 9.3 6.9 7.7
2005 7.3 7.2 7.9 9.4 7.0 8.2
2006 7.2 7.0 7.9 9.0 6.9 7.7
2007 7.0 7.0 7.7 8.9 6.9 7.7
2008 7.0 6.9 7.7 89 6.7 7.7
2009 7.0 6.9 7.7 9.2 6.8 7.7
2010 7.0 6.9 7.7 8.9 6.7 7.3
2011 7.0 6.9 7.7 8.8 6.7 7.7
2012 7.0 6.8 7.7 89 6.7 7.9
2013 6.9 6.7 7.4 9.3 6.7 7.7
2014 6.9 6.7 7.3 9.4 6.7 7.7
2015 6.8 6.7 7.3 9.4 6.7 7.7

Note(s)

Includes only doctorate recipients who reported year of entry to first graduate school or program.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016), 2015 Survey of Earned
Doctorates (SED).
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S&E Doctoral Degrees by Sex

Women have reached parity among S&E doctoral degree recipients: among U.S. citizens and permanent residents,
women'’s proportion of S&E doctoral degrees was 51% in 2015, up from 45% in 2000 (Appendix Table 2-29). During this period,
women made gains in most major fields, among continuing disparities in other fields. In 2015, women earned half or more of
doctorates in non-S&E fields, in most social and behavioral sciences except for economics, in the biological sciences, and in the
medical and other health sciences. They earned less than one-third of the doctorates awarded in mathematics and statistics,
computer sciences, and engineering (Appendix Table 2-29). Although low, the proportions of degrees earned by women in
these fields and the physical sciences (particularly in physics) were higher than they were in 2000.

Between 2000 and 2015, the number of S&E doctorates earned by women grew faster (from nearly 11,000 to nearly
20,000) than the number earned by men (from almost 17,000 to 24,000), increasing women'’s proportion of S&E doctoral
degrees during this period (Appendix Table 2-29). The increase among women occurred in most major S&E fields. For
example, the number of engineering doctorates earned by U.S. women more than doubled from approximately 500 in 2000 to
nearly 1,200 in 2015. Similar growth patterns occurred in women'’s biological sciences doctorates from 1,700 to 3,000, and in
physical sciences doctorates from 600 to nearly 1,000.

S&E Doctoral Degrees by Disability Status

In 2014, 7% of S&E doctorate recipients reported having a disability; they were fairly similar to those who did not report a
disability in terms of broad field of study. Nearly half of the S&E doctorate recipients who reported one or more disabilities of
any type indicated that they had visual disabilities, 40% reported cognitive disabilities, 18% reported hearing disabilities, 10%
reported lifting disabilities, and 6% reported walking disabilities (NSF/NCSES 2017a).

S&E Doctoral Degrees by Race and Ethnicity

The number and the proportion of doctoral degrees in S&E fields earned by underrepresented minorities increased
between 2000 and 2015. In 2015, blacks earned 1,855 S&E doctorates, Hispanics earned 2,019, and American Indians and
Alaska Natives earned 137—altogether accounting for 9% of all S&E doctoral degrees awarded that year, up from 6% in 2000
(Appendix Table 2-32).[10] The share of the S&E doctorates earned by U.S. citizen and permanent resident underrepresented
minority doctorate recipients rose from 9% to 14% in the same period. Gains by all groups contributed to this rise, although
blacks and Hispanics saw larger gains than American Indians or Alaska Natives (i Figure 2-17). Asians and Pacific Islanders
(citizens and permanent residents) earned 6% of all S&E doctorates in 2015, similar to 2000. Although whites (including U.S.
citizens and permanent residents) saw a rise in the number of S&E doctorates (liFigure 2-18), their share of all U.S. S&E
doctorates fell from 54% in 2000 to 44% in 2015 (Appendix Table 2-32).

Some of the changes by race and ethnicity over time may reflect changes in the way NCES and other federal statistical
agencies collect information on this topic. Beginning in 2011, some students may be classified as multiracial who in the past
may have been reported as American Indian or Alaska Native, Asian and Pacific Islander, black, Hispanic, or white. The number
of students with a multiracial identity accounted for about 500 doctoral degree awards in 2015. However, because the trends
by race and ethnicity discussed here had also been observed before 2011, it is unlikely that the changes in the racial or ethnic
categories contributed to the declines or increases to a very large extent.
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FIGURE 2-17 i

S&E doctoral degrees earned by U.S. citizen and permanent resident underrepresented
minorities, by race and ethnicity: 2000-15
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Survey of Earned Doctorates and that refer to research doctorates only. Greatest differences are in psychology and medical or other
health sciences. Hispanic may be any race. American Indian or Alaska Native and black or African American refer to individuals who

are not of Hispanic origin. The large drop in 2009 is due to the change in doctoral categories in the survey.

Source(s)
National Center for Education Statistics, Integrated Postsecondary Education Data System (IPEDS), Completions Survey; National
Science Foundation, National Center for Science and Engineering Statistics, WebCASPAR database, https://ncsesdata.nsf.gov/

webcaspar/.
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FIGURE 2-18 dli

S&E doctoral degrees, by race, ethnicity, and citizenship: 2000-15
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of Earned Doctorates and that refer to research doctorates only. Greatest differences are in psychology and medical or other health

sciences. The large drop in U.S. data in 2009 is due to the change in doctoral categories in the survey.

Source(s)
National Center for Education Statistics, Integrated Postsecondary Education Data System (IPEDS), Completions Survey; National
Science Foundation, National Center for Science and Engineering Statistics, WebCASPAR database, https://ncsesdata.nsf.gov/

webcaspar/.
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S&E Doctoral Degrees by Sex and Race and Ethnicity

In 2015, women earned half or more of the doctoral degrees awarded to their respective racial or ethnic groups in the
natural sciences, the social and behavioral sciences, and in non-S&E fields. Since 2000, the proportion of women earning
doctorates increased in the natural sciences, social and behavioral sciences, and engineering in all racial and ethnic groups
except for American Indians or Alaska Natives (Appendix Table 2-20). (For additional data by field of study, see NSF/NCSES

2017a.)
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International S&E Doctorate Recipients

International students on temporary visas earned more than 15,000 S&E doctorates in 2015, up from about 8,000 in 2000,
with a rising share from 30% to 34% over the period. In engineering, they earned more than half of the degrees in any
subspecialty; the same for mathematics and computer sciences and for economics (Appendix Table 2-34). They earned
relatively lower proportions of doctoral degrees in some S&E fields—for example, 28% in biological sciences, 20% in medical
sciences, 6% in psychology, and between 12% and 22% in most social sciences except economics (Appendix Table 2-34).

Countries and Economies of Origin

Since 1995, U.S. universities have awarded a total of almost 221,000 S&E doctorates to temporary visa holders. Over that
period, the top 10 countries and economies of origin accounted for 70% of all international recipients of these degrees
(FTable 2-14). Six out of those top 10 locations are in Asia.
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TABLE 2-14 R

Recipients of U.S. S&E doctorates on temporary visas, by country or economy of origin: 1995-
2015

(Number and percent)

Country or economy Number Percent
All recipients on temporary visas 220,684 100.0
Top 10 total 155,259 70.4
China? 63,576 28.8

India 30,251 13.7

South Korea 20,626 9.3
Taiwan 13,001 5.9

Turkey 6,610 3.0
Canada 6,350 2.9
Thailand 4,564 2.1
Mexico 3,502 1.6

Japan 3,473 1.6

Iran 3,306 1.5

All others 65,425 29.6

@ Includes Hong Kong.

Note(s)

Data include non-U.S. citizens with unknown visa status.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016), 2015 Survey of Earned
Doctorates (SED).
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Asia

From 1995 to 2015, students from four Asian locations (China, India, South Korea, and Taiwan, in descending order) earned
more than half of all U.S. S&E doctoral degrees awarded to international students (127,000 of 221,000)—nearly five times the
number of doctoral recipients from Europe (26,000). China accounted for more than one-quarter of all these international S&E
doctorates (64,000), followed by India (30,000), South Korea (21,000), and Taiwan (13,000). Most of these degrees were
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awarded in engineering, biological sciences, and physical sciences (B Table 2-15). A larger proportion of South Korean and

Taiwanese students (exceeding 25%) than Chinese and Indian (approaching 10%) earned a doctorate in a non-S&E field.

The number of S&E doctorates earned by students from China has increased more than seven times in the last 20 years,
from 675 to nearly 5,000, whereas the numbers from India nearly tripled between 2002 and 2009 but have since remained
stable at 2,100. In the last 10 years, the numbers of S&E doctorates from South Korea and Taiwan have been broadly stable
but remain low (about 900 and 500, respectively) (li Figure 2-19).
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TABLE 2-15 FH

2|77

Asian recipients of U.S. S&E doctorates on temporary visas, by field and country or economy of

origin: 1995-2015

(Number)
Field
All fields
S&E
Engineering
Science
Agricultural sciences
Biological sciences
Computer sciences
Earth, atmospheric, and ocean sciences
Mathematics
Medical and other health sciences
Physical sciences
Psychology
Social sciences
Non-S&E

@ Includes Hong Kong.

Note(s)

Asia

166,920

146,258

55,215

91,043

4,927

25,149

9,287

2,803

7,494

5,298

20,528

2,053

13,504

20,662

China?®
68,379
63,576
23,101
40,475
1,745
12,202
4,229
1,563
4,493
1,368
10,816
530
3,529

4,803

India

32,737

30,251

13,208

17,043

823

5,654

2,477

357

805

1,371

3,516

277

1,763

2,486

South Korea

26,630

20,626

8,274

12,352

720

2,459

1,015

338

967

672

2,216

481

3,484

6,004

Taiwan

16,619

13,001

5,045

7,956

441

2,374

597

228

503

878

1,305

320

1,310

3,618

Asia includes Afghanistan, Bangladesh, Bhutan, Brunei, Burma, Cambodia, China, Christmas Island, Hong Kong, India, Indonesia, Japan,

Kazakhstan, Kyrgyzstan, Laos, Macau, Malaysia, Maldives, Mongolia, Nepal, North Korea, Pakistan, Papua New Guinea, Paracel Islands,

Philippines, Singapore, South Korea, Spratly Islands, Sri Lanka, Taiwan, Tajikistan, Thailand, Timor-Leste, Turkmenistan, Uzbekistan, and

Vietnam. Data include temporary visa holders and non-U.S. citizens with unknown visa status.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016), 2015 Survey of Earned

Doctorates (SED).
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FIGURE 2-19 i

U.S. S&E doctoral degree recipients, by selected Asian country or economy of origin: 1995-
2015
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Note(s)

Degree recipients include temporary visa holders and non-U.S. citizens with unknown visa status. Data for China include Hong Kong.

Source(s)
National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016), 2015 Survey of

Earned Doctorates (SED).
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Europe

European students earned far fewer U.S. S&E doctorates than Asian students between 1995 and 2015, and they tended to
focus less on engineering than did their Asian counterparts (B Table 2-15 and B Table 2-16). European countries whose
students earned the largest number of U.S. S&E doctorates from 1995 to 2015 were Turkey, Germany, Russia, Italy, Romania,
Greece, and France, in that order. Trends in doctorate recipients from individual Western European countries vary widely
(i Figure 2-20). The number of Central and Eastern European students earning S&E doctorates at U.S. universities nearly
doubled between 1995 and 2007, but it has declined since then; the number of doctorate recipients from Western Europe and
Scandinavia has been more stable overall (liFigure 2-21). A higher proportion of doctorate recipients from Russia, Romania,
Greece, and Turkey than from France, Italy, and Germany earned their doctorates in S&E. Russian and Romanian doctorate
recipients were more likely than those from Western European countries to earn their doctorates in mathematics and physical
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sciences, and Turkish, Greek, and French doctorate recipients were more likely to earn doctoral degrees in engineering
(B Table 2-16).

TABLE 2-16 ER

European recipients of U.S. S&E doctorates on temporary visas, by field and region or country of
origin: 1995-2015

(Number)
Field All European countries | Turkey | Germany | Russia | Italy | Romania | Greece | France
All fields 40,056 7,850 4,164 | 3,216 | 2,706 2,225 2,147 2,212
S&E 32,591 6,610 3,252 | 2,882 | 2,101 1,967 1,896 1,778
Engineering 8,059 2,894 546 427 489 317 674 589
Science 24,532 3,716 2,706 | 2,455 | 1,612 1,650 1,222 1,189
Agricultural sciences 874 243 95 18 54 21 50 53
Biological sciences 4,396 566 509 401 206 225 211 245
Computer sciences 2,093 421 196 134 98 257 247 66
Earth, atmospheric, and ocean
) 1,081 89 159 100 90 39 27 98
sciences
Mathematics 2,927 328 269 365 191 358 132 78
Medical and other health sciences 612 49 84 15 23 18 50 30
Physical sciences 5,851 647 613 | 1,027 | 341 508 266 332
Psychology 882 134 145 44 42 37 39 20
Social sciences 5,816 1,239 636 351 567 187 200 267
Non-S&E 7,465 1,240 912 334 605 258 251 434
Note(s)

Data include temporary visa holders and non-U.S. citizens with unknown visa status.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016), 2015 Survey of Earned
Doctorates (SED).

Science and Engineering Indicators 2018



National Science Board | Science & Engineering Indicators 2018 2|80

| cHAPTER2 | Higher Education in Science and Engineering

FIGURE 2-20 i

U.S. S&E doctoral degree recipients, by selected European country: 1995-2015
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Note(s)

Degree recipients include temporary visa holders and non-U.S. citizens with unknown visa status.

Source(s)
National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016), 2015 Survey of

Earned Doctorates (SED).
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FIGURE 2-21 i

U.S. S&E doctoral degree recipients from Europe, by region: 1995-2015
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Degree recipients include temporary visa holders and non-U.S. citizens with unknown visa status. Western Europe includes Andorra,
Austria, Belgium, France, Gibraltar, Germany, Holy See (Vatican City), Ireland, Italy, Liechtenstein, Luxembourg, Malta, Monaco,
Netherlands, Portugal, San Marino, Spain, Switzerland, and United Kingdom. Central and Eastern Europe includes Albania, Belarus,
Bosnia-Herzegovina, Bulgaria, Croatia, Cyprus, Czech Republic, Estonia, Greece, Hungary, Kosovo, Latvia, Lithuania, Macedonia,
Moldova, Montenegro, Poland, Romania, Russia, Serbia, Slovakia, Slovenia, Turkey, and Ukraine. Scandinavia includes Denmark,
Finland, Iceland, Norway, and Sweden. Data are not comparable with data presented in earlier years because a slightly different

geographic taxonomy was used.

Source(s)
National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016), 2015 Survey of

Earned Doctorates (SED).
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The Americas

Despite the proximity of Canada and Mexico to the United States, the shares of U.S. S&E doctoral degrees awarded to
residents of these countries were small compared with those awarded to students from Asia and Europe. The number of U.S.
S&E doctoral degrees earned by students from Canada increased from about 219 in 1995 to 390 in 2009, but it has overall
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declined in the last 6 years. The overall numbers of doctoral degree recipients from Mexico and Brazil peaked earlier (2003

and 1996, respectively) and have been relatively stable in recent years (liFigure 2-22).

A higher proportion of Mexican and Brazilian students earned U.S. doctorates in S&E fields than the comparable

proportion for Canadians (F Table 2-17); this pattern was particularly strong in engineering and agricultural sciences.

FIGURE 2-22 i

U.S. S&E doctoral degree recipients from Canada, Mexico, and Brazil: 1995-2015

500
400
. 300
(0]
o)
€
=)
z
200
100
0
\e) © A\ > ) Q N Qv > > ¢ © 4 > O Q N v > 3 &)
) ) ) %) V) Q Q Q Q Q' Q Q Q Q Q N N N N N N
N N N I A S S S SIS S SO S S O S S SO O S
Year
Canada Mexico -0~ Brazil
Note(s)

Degree recipients include temporary visa holders and non-U.S. citizens with unknown visa status.

Source(s)
National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016), 2015 Survey of

Earned Doctorates (SED).
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TABLE 2-17 EH

21|83

North American, South American, and Middle Eastern recipients of U.S. S&E doctorates on
temporary visas, by field and region and country of origin: 1995-2015

(Number)
Field
All fields
S&E
Engineering
Science
Agricultural sciences
Biological sciences
Computer sciences
Earth, atmospheric, and ocean sciences
Mathematics
Medical and other health sciences
Physical sciences
Psychology
Social sciences
Non-S&E

North and South America®
All countries | Canada | Mexico | Brazil
25,338 9,194 4,103 | 3,457
19,796 6,350 3,502 | 2,888
4,241 1,023 887 625

15,555 5,327 2,615 | 2,263

1,860 211 522 392
3,647 1,333 509 504
720 228 124 167
681 209 133 107
997 320 205 153
844 388 91 171
1,824 765 297 137
940 720 41 55
4,042 1,153 693 577
5,542 2,844 601 569

All countries

11,444

9,388

4,486

4,902

285

916

635

143

403

522

820

191

987

2,056

Middle EastP
Iran | Jordan
3,434 1,872
3,306 1,624
2,347 693
959 931
42 78
177 170
186 118
26 11
119 90
40 175
256 168
15 7
98 114
128 248

Saudi Arabia

1,800

1,302

487

815

59

114

120

42

41

146

70

211

498

@ North America includes Bermuda, Canada, Clipperton Island, Greenland, Mexico, and Saint Pierre and Miquelon. South America

includes Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Falkland Islands (Islas Malvinas), French Guyana, Guyana, Paraguay, Peru,

South Georgia and South Sandwich Islands, Suriname, Uruguay, and Venezuela.

b Middle East includes Akrotiri, Armenia, Azerbaijan, Bahrain, Dhekelia, Gaza Strip, Georgia, Iran, Iraq, Israel, Jordan, Kuwait, Lebanon,

Oman, Qatar, Saudi Arabia, Syria, United Arab Emirates, West Bank, and Yemen.

Note(s)

Data include temporary visa holders and non-U.S. citizens with unknown visa status.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016), 2015 Survey of Earned

Doctorates (SED).
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The Middle East

Between 1995 and 2015, Middle Eastern students earned fewer U.S. S&E doctorates (about 9,000) than did students from
Asia, Europe, or the Americas (ETable 2-15, BB Table 2-16, and B8 Table 2-17). Students from Iran earned the largest number of
U.S. S&E doctorates from this region, followed by those from Jordan and Saudi Arabia. A larger proportion of Iranian doctorate
recipients (68%) than of Jordanian or Saudi Arabian doctorate recipients (37% and 27%, respectively) earned their degrees in
engineering. A larger proportion of doctorate recipients from Saudi Arabia than from Jordan or Iran earned their doctorates in
the social sciences or in non-S&E fields.

[1] The Survey of Graduate Students and Postdoctorates in Science and Engineering (GSS) was redesigned in 2007. Because of
methodological changes, the data collected after 2007 are not strictly comparable with those collected before 2007. To
maintain some data continuity, the S&E data in this chapter excludes three new fields added in 2007 for all subsequent years.
Beginning in 2008, a more rigorous follow-up was conducted with institutions to exclude reporting of practitioner-oriented
graduate degree programs. Some or most of the declines in psychology and other health fields after 2008 are likely due to this
increased effort rather than changes in actual enrollments. In 2014, the survey frame was updated, which resulted in adding
151 newly eligible institutions, and excluding two private for-profit institutions offering mostly practitioner-based graduate
degrees because they were determined to be no longer eligible. This frame update increased the total number of science,
engineering, and health graduate students by 2.5%, postdoctorates by 1.9%, and nonfaculty researchers by 1.9% over the
previous frame. Because of these survey changes over time, data comparisons across years should be made with caution. For
more information, please see Technical Notes, Data Comparability in the Survey of Graduate Students and Postdoctorates in
Science and Engineering, Fall 2015 (https://ncsesdata.nsf.gov/datatables/gradpostdoc/2015/#tabs-2/).

[2] For additional data on graduate enroliment by sex and by race and ethnicity, please see data tables under Graduate
enrollment in Women, Minorities, and Persons with Disabilities in Science and Engineering (https://nsf.gov/statistics/2017/
nsf17310/data.cfm/) and data tables in the GSS (https://nsf.gov/statistics/srvygradpostdoc/#tabs-2/).

[3] See NSF/NCSES 2017a for more detail on enrollment of international students by sex.

[4IThe data include active foreign national students on F-1 visas in the SEVIS database, excluding those on OPT (temporary
employment directly related to the student’s major area of study during or after completing the degree program).

(5] For example, an international student who is about to earn a master’s degree and stays in the United States to pursue a
doctoral degree would remain in the SEVIS database. It is not possible to determine the extent to which international students
stay to pursue another degree because of the way the data are collected.

(6] Data on degree completion from NCES were obtained from WebCASPAR (https://webcaspar.nsf.gov/). Data uploaded in
WebCASPAR correspond to NCES provisional data, which undergo all NCES data quality control procedures and are imputed

for nonresponding institutions. These data are used by NCES in its First Look (Provisional Data) publications.

[7] Data for racial and ethnic groups are for U.S. citizens and permanent residents only.


https://ncsesdata.nsf.gov/datatables/gradpostdoc/2015/#tabs-2/)
https://nsf.gov/statistics/2017/nsf17310/data.cfm/
https://nsf.gov/statistics/2017/nsf17310/data.cfm/
https://nsf.gov/statistics/srvygradpostdoc/#tabs-2/
https://webcaspar.nsf.gov/
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[8] Data on degree completion from NCES were obtained from WebCASPAR (https://webcaspar.nsf.gov/). Data uploaded in
WebCASPAR correspond to NCES provisional data, which undergo all NCES data quality control procedures and are imputed
for nonresponding institutions. These data are used by NCES in its First Look (Provisional Data) publications.

[971n 2008, NCES allowed optional reporting in three new doctoral degree categories: doctor's—research/scholarship, doctor’s
—professional practice, and doctor's—other. Degrees formerly classified as professional degrees (e.g., MDs, JDs) could then be
reported as doctoral degrees, most often as doctor's—professional practice. Data for 2008 and 2009 included only those
doctorates reported under the old category plus those reported as doctor's—research/scholarship. Data for 2010 and 2011
included data reported as doctor's—research/scholarship because the old category was eliminated. As a result of these
methodological changes, doctor's—research/scholarship degrees in other health sciences declined sharply between 2009 and
2010.

[10] For the corresponding proportion in the 1990s, see NSB 2008.


https://webcaspar.nsf.gov/
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International S&E Higher Education

In the 1990s, many countries, coming to view an educated population and workforce as a valuable national resource,
began to expand their higher education systems and broaden participation in higher education. At the same time, flows of
students worldwide increased, often reflecting government incentives and programs. More recently, several countries have
adopted policies to encourage the return of students who studied abroad, to attract international students, or both. As the
world becomes more interconnected, students who enroll in tertiary (postsecondary) institutions outside their own countries
have opportunities to expand their knowledge of other societies and languages and improve their employability in globalized
labor markets.

Higher Education Expenditures

One indicator of the importance of higher education is the percentage of a nation’s resources devoted to it as measured by
the ratio of expenditures on tertiary education institutions to gross domestic product (GDP). This indicator varies widely
among members of the OECD, an intergovernmental group of developed economies. Nearly half of OECD members spend
more than the average of 1.5% of a nation’s GDP on tertiary education institutions, and only Canada, the United States, South
Korea, Chile, and Estonia spend 2% or more.[1] According to the most recently available data from the OECD, in 2013, the
United States spent the highest proportion of GDP on tertiary education institutions compared with all other OECD countries,
followed by Canada,[?] South Korea, Chile, and Estonia (Appendix Table 2-33). Between 2005 and 2013, U.S. expenditures on
tertiary education as a percentage of GDP were about 70% higher than the OECD average and about 90% higher than the
European Union (see Glossary for member countries) average. Between 2000 and 2015, expenditures on tertiary education
institutions as a percentage of GDP rose in most OECD countries, particularly in Estonia, Russia, Chile, and the Czech Republic
(40% growth or higher).

Higher education financing data are not always fully comparable across different nations. They can vary between countries
for reasons unrelated to actual expenditures, such as differences in measurement, types and levels of government funding
included, types and levels of education included, and the prevalence of public versus private institutions.[3]

Educational Attainment

Educational attainment, measured as the proportion of a population that has reached a specific level of education, is often
used as a proxy for human capital and the skill levels associated with that particular education level (OECD 2016). Higher
education in the United States expanded greatly after World War Il. As a result, the U.S. population led the world in
educational attainment for several decades. Because of this, the United States offered clear advantages for firms whose work
would benefit from the availability of a highly educated workforce. In the 1990s, however, many countries in Europe and Asia
began to expand their higher education systems. Some of them have now surpassed the United States in the attainment of
bachelor’s or higher-level degrees among their younger cohorts. The generational shift in attainment so visible in many
systems is not visible in the United States. Over time, the expansion of higher education elsewhere has substantially
diminished the U.S. educational advantage.

Although the United States continues to be among the top countries with the highest percentage of the population ages
25-64 with a bachelor’s degree or higher, many countries have surpassed the United States in the percentage of the younger

population (ages 25-34) with a bachelor’s degree or higher (liFigure 2-23).[4]
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FIGURE 2-23 i

Attainment of bachelor's or higher degrees, by country and age group: 2015
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OECD = Organisation for Economic Co-operation and Development.

Note(s)
Data include degrees at International Standard Classification of Education (ISCED) 2011 levels 6 (bachelor's or equivalent), 7 (master's
or equivalent), and 8 (doctorate or equivalent). Data are not comparable with data presented in earlier years because of a change to

ISCED 2011. Countries for which data at the short-cycle tertiary level (ISCED 5) were not available independently are not included.

Source(s)
OECD, Education at a Glance 2016: OECD Indicators (2016).
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First University Degrees in S&E Fields

More than 22 million students worldwide earned first university degrees in 2014 (see sidebar B Comparability of
International Data in Tertiary Education and Glossary), with more than 7.5 million of these in S&E fields (Appendix Table
2-34).[5]
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SIDEBAR B

Comparability of International Data in Tertiary Education

Education systems differ widely across the world. To ensure that international statistics and indicators are comparable,
most countries collect and report their education data under the United Nations Educational, Scientific and Cultural
Organization (UNESCO) International Standard Classification of Education (ISCED), developed in collaboration with
different countries and international organizations such as the Organisation for Economic Co-operation and
Development (OECD) and Eurostat (OECD, European Union [EU], UNESCO Institute for Statistics [UIS] 2015). Mapping a
country’s educational programs into the ISCED structure helps ensure that the international comparisons are more
transparent and consistent.

The first ISCED classification was developed by UNESCO in the mid-1970s and was first revised in 1997. The most recent
revision, the ISCED 2011, incorporated the major changes in the structure of degree levels brought in by the Bologna
Process in Europe in terms of degree levels. In the ISCED 1997, tertiary programs had been grouped into levels 5A
(programs leading to entry to advanced research programs) and 5B (programs not leading to entry to advanced research
programs (see Glossary) and doctoral level 6. The new ISCED 2011 allocates four different levels to tertiary education:
levels 5-8. Level 5 includes short-cycle tertiary education, level 6 includes the bachelor’s or equivalent level, level 7
includes the master’s or equivalent level, and level 8 includes the doctoral or equivalent level.

In addition, a separate but related process redesigned the fields of study classifications in the ISCED Fields of Education
and Training (ISCED-F); these new standards were adopted in 2013 (UNESCO Institute for Statistics 2014).

Science and Engineering Indicators 2018 is the first edition to present statistics collected under the ISCED 2011 and the
ISCED-F; previous editions had presented data collected under the ISCED 1997. As a result of these changes, there are
several differences between the higher education international data reported in this volume and in past volumes.

At the undergraduate level, the international comparisons in this volume present first degree data corresponding to
ISCED 2011 level 6 (first degrees) and level 7 (long first degrees). Some countries (e.g., Germany, Belgium, Switzerland)
reclassified some vocationally oriented programs previously classified as ISCED level 5B. As a result, the total numbers of
first university degrees for these countries are different under the new classification compared with the previous
classification. At the doctoral level, the data corresponding to the ISCED 2011 level 8 are similar to the doctoral degrees
reported in the past.

The changes in ISCED-F affect the following fields:

+ The data for engineering in this volume correspond to the ISCED-F 2013 “engineering, manufacturing, and
construction,” which includes engineering and engineering trades, manufacturing and processing, and architecture
and construction. In addition, “environmental protection” was a newly added discipline to this broad field of
engineering.

+  The data for agriculture include “veterinary.”

* The data for social and behavioral sciences include “journalism and information.”

Because of these changes, the international higher education data have a higher degree of international comparability
than in the past. This is because (1) the data for the majority of the countries were collected under the same OECD, EU,
and UIS guidelines; and (2) the field groupings in the ISCED-F now have more in common with the aggregation of fields
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used in China, a major degree producer. For example, China statistics include “architecture” and “landscape architecture”
under “engineering” and “veterinary” under “agricultural sciences” (China Ministry of Education 2011).

For comparability purposes, U.S. data in the international tables correspond to the ISCED-F classification of fields and, as
a result, the numbers reported in each of the broad fields are different from those reported in tables and graphics that
examine domestic trends in higher education.

These worldwide totals include only countries for which relatively recent data are available (primarily countries in Asia,
Europe, and the Americas) and are therefore underestimates of the global total. Asian universities accounted for more than 4
million of the world's S&E first university degrees in 2014, with more than half of them in engineering. Students across Europe
(including Eastern Europe and Russia) earned more than 1.5 million S&E first university degrees (about 40% of them in
engineering), and students in North America earned nearly 1 million S&E first university degrees in 2014 (24% in engineering).
In terms of individual countries, India and China awarded the largest numbers of first university degrees in S&E (1.9 and 1.7
million, respectively), followed by the United States (742,000), Russia (429,000), and Japan (316,000).

In several countries around the world, the proportion of first university degrees in S&E fields was higher than in the United
States. Nearly half or more of all first university degrees in Japan, Iran, China, and Israel were in S&E fields, compared with
nearly 40% in the United States. In 2014, about 14% of all bachelor’s degrees awarded in the United States and worldwide
were in the natural sciences (physical, biological, computer, and agricultural sciences, as well as mathematics and statistics).
This proportion was similar to the proportions of first university degrees awarded in the natural sciences in Canada, New
Zealand, the Czech Republic, South Africa, Germany, and Armenia, but it was lower than the proportion awarded in the United
Kingdom (21%).

Between 2000 and 2014, the number of S&E first university degrees awarded in China, Taiwan, Germany,[®] Turkey, and
Romania at least doubled; it also grew, albeit at a slower rate, in Australia,[7] Mexico, the United Kingdom, and the United
States; in France and Japan, it declined (by 5% and 11%, respectively) (Appendix Table 2-35).

In China, first university degrees increased greatly in all fields, with a larger increase in non-S&E than in S&E fields. Growth
in natural sciences and engineering degrees in China accounted for most of the country's increase in S&E first university
degrees: an increase of almost 1.2 million degrees and up more than 400% from 2000 to 2014 (liFigure 2-24; Appendix Table

2-35). China has traditionally awarded a large proportion of its first university degrees in engineering, but the percentage
declined from 43% in 2000 to 33% in 2014 (Appendix Table 2-35).



.2 National Science Board | Science & Engineering Indicators 2018 2|91

| cHAPTER2 | Higher Education in Science and Engineering

FIGURE 2-24 dli

First university natural sciences and engineering degrees, by selected country or economy:
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Note(s)

Natural sciences include agricultural sciences; biological sciences; computer sciences; earth, atmospheric, and ocean sciences; and
mathematics. Data are not comparable with data presented in earlier years because of a change to International Standard
Classification of Education 2011 and to a more aggregated taxonomy of fields. To facilitate international comparison, data for the
United States reflect the most recent classification in the International Standard Classification of Education Fields of Education and
Training (ISCED-F), which varies slightly from the National Science Foundation classification of fields presented in other sections of
the chapter. Data are not available for all countries or economies for all years. The EU-Top 8 total includes aggregated data for the
eight EU countries producing the highest number of S&E first university degrees in 2014: UK, Germany, France, Poland, Italy, Spain,

Romania, and the Netherlands.

Source(s)
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National Bureau of Statistics of China, China Statistical Yearbook, annual series (Beijing) (various years); Government of Japan,
Ministry of Education, Culture, Sports, Science and Technology, Survey of Education (2014); Ministry of Education, Educational
Statistics of the Republic of China (Taiwan): 2015 (2016); United Nations Educational, Scientific and Cultural Organization (UNESCO)
Institute for Statistics database, special tabulations (2016); Organisation for Economic Co-operation and Development (OECD),
OECD.Stat, https://stats.oecd.org/; National Center for Education Statistics, Integrated Postsecondary Education Data System (IPEDS),
Completions Survey; National Science Foundation, National Center for Science and Engineering Statistics, WebCASPAR database,
https://ncsesdata.nsf.gov/webcaspar/.
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In 1999, 29 European countries, through the Bologna Declaration, initiated a system of reforms in higher education
throughout Europe. The goal of the Bologna Process was to harmonize certain aspects of higher education within participating
countries so that degrees were comparable; credits were transferable; and students, teachers, and researchers could move
freely from institution to institution across national borders. Ten years later, 48 countries launched the European Higher
Education Area to implement these higher education reforms in Europe. In recent years, countries have made considerable
changes: they have modified higher education structures by implementing three degree cycles (bachelor’s, master’s, and
doctorate), developed quality assurance systems, and established mechanisms to facilitate mobility (Education, Audiovisual
and Culture Executive Agency [EACEA] 2012). A recent report that examined data in the areas of access, retention, and
employability across 36 education systems, however, indicated that most European countries have been slow to set clear
goals or monitor progress in those areas (EACEA 2014).

S&E First University Degrees by Sex

Women earned half or more of first university degrees in S&E in many countries around the world in 2014, including the
United States, Canada, and several smaller countries. Most large countries in Europe are not far behind, with women earning
more than 40% of S&E first university degrees. In most countries in the Middle East, except for Iran, women earned nearly half
or more of the S&E first university degrees. In Asia, women generally earn about one-third or fewer of the first university
degrees awarded in S&E fields. For example, in Taiwan, women earn 26% of the S&E first university degrees; in Japan, 29%; in
South Korea, 34%; in Singapore, 36%. Malaysia is the exception, with 55% of its S&E first university degrees awarded to women
in 2015 (Appendix Table 2-36).

In the United States and Canada, more than half of the S&E first university degrees earned by women were in the social
and behavioral sciences, and less than 10% were in engineering. In contrast, in South Korea and Singapore, nearly half of the
S&E first university degrees earned by women were in engineering. Among the largest producers of S&E degrees (those in
which 40% of their first university degrees were in S&E), other countries with relatively high proportions of women earning
first university degrees in engineering include Portugal (37%), Iran (35%), Romania (35%), and Malaysia (33%).

International Comparison of S&E Doctoral Degrees

More than 230,000 S&E doctoral degrees were awarded worldwide in 2014.[8] The United States awarded the largest
number of S&E doctoral degrees of any country (about 40,000), followed by China (about 34,000), Russia (about 19,000),
Germany (about 15,000), the United Kingdom (about 14,000), and India (about 13,000) (Appendix Table 2-37). About 73,000
S&E doctoral degrees were earned in the EU (including the United Kingdom and Germany).

The number of S&E doctoral degrees awarded in China rose steeply between 2000 and 2009, but the increase has slowed
since then. Although the rise was steeper in China, doctoral production also increased in the United States (Appendix Table
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2-38 and Appendix Table 2-39). In the United States, about 37% of these doctorates were awarded to temporary visa
holders.[°] Many of these doctorate recipients stay in the United States after obtaining their degree (for a discussion on “stay
rates” of doctorate recipients who are temporary visa holders, see Chapter 3)

In 2007, China surpassed the United States as the world's largest producer of natural sciences and engineering doctoral
degrees, but the numbers of doctoral degrees in these fields in these two countries remain close (liFigure 2-25). The high
growth of graduate education in China has been the result of large government investments in higher education over the last
20 years, intended to establish world-class universities in this country. Project 211 and Project 985 are examples of programs
launched by the Chinese government in the mid-1990s to establish and strengthen institutions of higher education and key

fields of study as a national priority (Lixu 2004).[10]
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FIGURE 2-25 dli
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Note(s)

Natural sciences and engineering include biological, physical, earth, atmospheric, ocean, and agricultural sciences; computer
sciences; mathematics; and engineering. To facilitate international comparison, data for the United States reflect the most recent
classification in the International Standard Classification of Education Fields of Education and Training (ISCED-F), which varies slightly
from the National Science Foundation classification of fields presented in other sections of the chapter. Data are not available for all
countries for all years. The Top 8 EU total includes aggregated data for the eight EU countries with the highest number of S&E

doctoral degree awards in 2014: UK, Germany, France, Spain, Italy, Portugal, Sweden, and Romania.

Source(s)

China—National Bureau of Statistics of China, China Statistical Yearbook, annual series (Beijing) (various years); India—Government
of India, Ministry of Human Resource Development, Department of Higher Education, All India Survey on Higher Education (2014);
Japan—Government of Japan, Ministry of Education, Culture, Sports, Science and Technology, Survey of Education (2014); United
Nations Educational, Scientific and Cultural Organization (UNESCO), Institute for Statistics database, special tabulations (2016);
United States—National Center for Education Statistics, Integrated Postsecondary Education Data System (IPEDS), Completions
Survey; National Science Foundation, National Center for Science and Engineering Statistics, WebCASPAR database, https://

ncsesdata.nsf.gov/webcaspar/.
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In the United States, as well as in the United Kingdom, France, Germany, Italy, Spain, Switzerland, Poland, Ireland, and
Estonia, the largest numbers of S&E doctoral degrees were awarded in the natural sciences, including the physical and
biological sciences, and mathematics and statistics (Appendix Table 2-38). In many other countries, the proportion of S&E
doctoral degrees in engineering is 40% or greater; that is the case, for example, in Sweden, Slovakia, Latvia, Greece, Finland,
Bulgaria, Belgium, and Austria.

In Asia, China has been the largest producer of S&E doctoral degrees since 2000 (Appendix Table 2-39). As China’s capacity
for advanced S&E education increased, the number of S&E doctorates awarded rose from about 8,000 in 2000 to more than
34,000 in 2014. Despite the growth in the quantity of doctorate recipients, some question the quality of the doctoral programs
in China (Cyranoski et al. 2011). The rate of growth in doctoral degrees in S&E and in all fields has considerably slowed starting
in 2010 (Appendix Table 2-39), after an announcement by the Chinese Ministry of Education indicating that China would begin
to limit admissions to doctoral programs and focus more on the quality of graduate education (Mooney 2007).

Between 2000 and 2014, the number of S&E doctorates awarded in India, South Korea, and Taiwan more than doubled; in
Japan, the numbers rose consistently through 2006 but declined since then). In China, Japan, South Korea, and Taiwan, more
than half of S&E doctorates were awarded in engineering. In India, 58% of the S&E doctorates were awarded in the natural
sciences, computer sciences and agricultural sciences, 22% in the social and behavioral sciences, and 20% in engineering
(Appendix Table 2-39).

Women earned 42% of S&E doctoral degrees awarded in the United States in 2014, about the same percentage earned by
women in Canada and the EU (Appendix Table 2-40).[11] Women earned more than half of S&E doctoral degrees in Bulgaria,
Croatia, Latvia, Lithuania, Poland, Slovenia, and Argentina but less than 25% of those in South Korea and Taiwan.

International Student Mobility

Governments around the world have increasingly come to regard movement toward a knowledge-based economy as key
to economic progress. Realizing that this requires a well-trained workforce, they have invested in upgrading and expanding
their higher education systems and broadening participation in them. In most instances, government spending underwrites
these initiatives.

Recent investments by several governments to send large numbers of their students to study abroad are a strategy for
workforce and economic development. Examples include the Brazil Scientific Mobility Program (also known as Science without
Borders), launched officially in July 2011, which provides scholarships to Brazilian students to study in STEM fields in
universities in the United States.[12] In 2013, the Mexican government announced its Proyecta 100,000 program, which plans
to send 100,000 students to study in the United States and to welcome 50,000 U.S. citizens to study in Mexico by 2018 (Helms
and Griffin 2017; Lloyd 2014). The Chinese government has established the China Scholarship Council, a nonprofit affiliated
with the Ministry of Education with the goal to provide financial assistance to Chinese citizens to study abroad, as well as to
foreign citizens to study in China (China Scholarship Council 2017). Similarly, the government of Saudi Arabia has invested
considerably in a scholarship program launched in 2005 that has supported study abroad programs for more than 100,000
Saudi students throughout the world, at an estimated cost of at least $5 billion since the program’s inception. In 2016,
however, a tighter national budget in Saudi Arabia has resulted in a 12% reduction in financial support for this initiative
(Knickmeyer 2012; Walcutt 2016). The EU set the goal that 20% of its higher education graduates should have experienced
tertiary-level study or training abroad by 2020 (OECD 2016).

Students have become more internationally mobile in the past two decades, and countries are increasingly competing for
them. According to data from UNESCO/UIS, the number of internationally mobile students who pursued a higher education
degree more than doubled between 2000 and 2014, to 4.3 million.[13] In general, students migrate from developing countries



 National Science Board | Science & Engineering Indicators 2018 2|96

| cHAPTER2 | Higher Education in Science and Engineering

to the more developed countries and from Europe and Asia to the United States. However, a few countries have emerged as
regional hubs for certain geographic regions—for example, Australia, China, and South Korea for East Asia and South Africa
for sub-Saharan Africa (Bhandari, Belyavina, and Gutierrez 2011; UNESCO 2009). In Asia, two new programs, ASEAN
International Mobility for Students and Passage to ASEAN, encourage student mobility within Asia, although the level of
student mobility within the region is still low, except for the student exchanges between Malaysia and Indonesia. In addition,
several countries have set targets for increasing the numbers of international students they host; among these are Jordan
(which plans to host 100,000 students by 2020), Singapore (150,000 by 2015), Japan (300,000 by 2025), and China (500,000 by
2020) (Bhandari and Belyavina 2012).

Decisions about whether and where to study abroad are complex (OECD 2016). Some students migrate temporarily for
education, whereas others remain abroad permanently after completing their studies. Some factors influencing the decision
to seek a degree abroad include the policies of the countries of origin regarding sponsoring their citizens’ studies abroad, the
tuition fee policies of the countries of destination, the financial support the countries of destination offer to international
students, the cost of living and exchange rates that affect the cost of international education, and the quality of the programs
and the perceived value of obtaining a foreign credential. The long-term return on investment from international education
also depends on how international degrees are recognized by the labor market in the country of origin or elsewhere. For host
countries, enrolling international students can help raise revenues from higher education and can be part of a larger strategy
to attract highly skilled workers, particularly as demographic changes in many developed countries cause their own
populations of college-age students to decrease (OECD 2012) (Appendix Table 2-41).

In recent years, many countries have expanded their provision of transnational education. One growing trend is the
establishment of branch campuses: offshore programs established by higher education institutions in foreign countries. For
local students, branch campuses provide the opportunity to earn degrees from foreign universities without leaving their home
countries. For the institution venturing into a new country, meeting enrollment and financial goals without diluting quality
standards is often a challenge. Branch campuses that bring in faculty from other countries can also fulfill some of the demand
for highly qualified instructors that local higher education institutions cannot meet (UNESCO/UIS 2014).

According to the State University of New York at Albany’s Cross-Border Education Research Team (C-BERT 2017), a
clearinghouse of information and research on transnational education, as of January 2017, there were 310 international
branch campuses in operation. C-BERT defines a branch campus as “an entity that is owned, at least in part, by a foreign
higher education provider; operated in the name of the foreign education provider; and provides an entire academic program,
substantially on site, leading to a degree awarded by the foreign education provider.” Exporting countries (i.e., home countries
of the institutions establishing branch campuses) totaled 34, and importing countries (i.e., host countries for branch
campuses) totaled 84. The largest exporters of branch campuses, in order of the number of branch campuses established,
were the United States (109 branch campuses), the United Kingdom (45), France (31), Russia (22), and Australia (21). The
largest importers of branch campuses, in order of the number of branch campuses they hosted, were China (38 branch
campuses), the United Arab Emirates (33), United Arab Emirates at Dubai (32), Malaysia (16), Singapore (15), and Qatar (12). In
some cases, branch campuses are a part of what countries designate as an international “education hub.” C-BERT defines an
education hub as “a designated region intended to attract foreign investment, retain local students, build a regional reputation
by providing access to high-quality education and training for both international and domestic students, and create a
knowledge-based economy.” An education hub can include different combinations of domestic and international institutions,
branch campuses, and foreign partnerships within the designated region. Examples of education hubs include Qatar, the
United Arab Emirates, Abu Dhabi, Dubai, Hong Kong, Malaysia, Singapore, and Botswana (C-BERT 2017; Knight 2014).

More internationally mobile students (undergraduate and graduate) go to the United States than to any other country (19%

of internationally mobile students worldwide) (li Figure 2-26). Other top destinations for international students include the
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United Kingdom (10%), Australia (6%), France (5%), Russia (5%), and Germany (5%). Together with the United States, these
countries receive about half of all internationally mobile students worldwide. Although the United States remains the
destination for the largest number of internationally mobile students worldwide, its overall share has declined from 25% in
2000 to 19% in 2014 (OECD 2016). As in other countries, the proportion of internationally mobile students in the United States
is higher at the graduate than at the undergraduate level (see Appendix Table 2-18, Appendix Table 2-21, Appendix Table 2-27,
and Appendix Table 2-29).
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FIGURE 2-26 dli

Internationally mobile students enrolled in tertiary education, by selected country: 2014
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International Student Enrolilment in Selected Countries
United Kingdom

Since the late 1990s, the United Kingdom has been actively working to improve its position in international education, by
recruiting international students to study in the country and by expanding its provision of transnational education (British
Council 2015; United Kingdom Council for International Student Affairs [UKCISA] 2017). Between 2006 and 2016, international
student enrollment in S&E fields in the United Kingdom increased by about 36,000 international students at the
undergraduate level and by about 18,000 at the graduate level (Appendix Table 2-42). As in other countries, the proportion of
international students in S&E is much higher at the graduate than at the undergraduate level. For example, in 2015-16,
international students were 14% of all undergraduates in the United Kingdom (an increase from 10% in 2005-06), compared
with 47% at the graduate level (an increase from 43% in 2005-06). Within S&E, international students were particularly
prevalent in engineering. At the undergraduate level, international students were close to one-quarter of all engineering
students in 2016; at the graduate level, they accounted for the majority of the students in engineering and in mathematics and
computer sciences. China has been the main country sending S&E students to the United Kingdom during this period.
However, the number of S&E students from Hong Kong, Romania, and the United States grew considerably at the
undergraduate level. In 2016, the United States was among the top 5 countries sending undergraduates studying S&E to the
United Kingdom; it was not among the top 10 countries a decade earlier. At the graduate level, in this 10-year period, the
number of S&E students from Nigeria nearly doubled, and Italy and Saudi Arabia became 2 of the top 10 countries sending
S&E students to the United Kingdom (Appendix Table 2-42).

Japan

In the context of slowing student enrollment, in 2008, the Japanese government announced plans to triple international
enrollment within 12 years (McNeil 2008, 2010). Although Japan succeeded in increasing its enroliment of international
students between 2004 and 2016 (in S&E and in all fields), growth has slowed considerably in the last 4 years (Appendix Table
2-43; Appendix Table NSB 2012 2-42; Appendix Table NSB 2014 2-46), perhaps caused in part by the March 2011 earthquake
and tsunami (McNeil 2012). In 2016, nearly 70,000 international students were enrolled in S&E programs in Japanese
universities, similar to the preceding 4 years and up from 57,000 in 2004. As in other countries, international students
accounted for a smaller proportion of students at the undergraduate than at the graduate level in 2014 (3% of undergraduate
and 19% of graduate S&E students). The vast majority of the international students were from Asia. In 2016, Chinese students
accounted for slightly more than half of the international S&E undergraduate students and graduate students in Japan. South
Koreans were 16% of the international undergraduates and 6% of the international graduate students. Vietnam, Malaysia,
Indonesia, Thailand, and Taiwan are among the top 10 locations of origin that send both undergraduate and graduate
students to Japan (Appendix Table 2-43).

Canada

International students also constitute a larger share of enroliment at the graduate than at the undergraduate level in
Canada (Appendix Table 2-44). Between 2004 and 2014, the proportion of international enrollment in Canadian universities
grew slightly, from 6% to 7% at the undergraduate level and from 20% to 21% at the graduate level. In 2014, the highest
percentages of international S&E students were in mathematics and computer sciences and in engineering, at both degree
levels. At the undergraduate level, China was the top country of origin of international S&E students in Canada, accounting for
29% of international undergraduate students, followed by France and the United States (14% and 10%, respectively). The
proportion of international undergraduate S&E students in Canada from China and France increased considerably between
2004 and 2014, while the proportion of students from the United States declined. At the graduate level, the top country of
origin of international S&E students was also China with close to 3,700 students, but the country of origin of graduate S&E
students was diverse. For example, France and India each sent about 2,500 S&E students to Canada, and Iran sent about
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1,900. Unlike undergraduate students, during 2004 and 2014, the proportion of international graduate students from China
declined slightly, and the proportion of those from France and the United States increased. The proportion of Indian S&E
graduate students studying in Canada increased from 5% to 13% between 2004 and 2014, and the proportion of Iranian S&E
students doubled to 10% in 2014.

U.S. Students Studying Abroad

Although the United States hosts the largest number of international students worldwide, U.S. students constitute a
relatively small share of international students worldwide. About 70,000 U.S. students (in all fields) were reported as
international students by OECD and OECD partner countries in 2012, far fewer than the number of international students
from China, India, South Korea, Germany, Turkey, or France. The main destinations of U.S. students were the United Kingdom
(about 16,600), Canada (about 9,600), Germany (about 4,300), France (about 3,900), New Zealand (about 3,200), and Australia
(about 2,900)—mostly English-speaking OECD countries (OECD 2014). Given the relatively low number of U.S. students who
study abroad and the importance of international experience in a globalized world, in 2014, the Institute of International
Education (lIE) established Generation Study Abroad. This 5-year initiative has the goal to increase the number of U.S. students
studying abroad, in credit and degree programs, to about 600,000 by 2019 (IlE 2017b).

About 300,000 U.S. university students enrolled in study abroad programs in the 2014-15 academic year (credit mobility—
see Glossary), a 3% increase from the preceding year but almost double the number from 2000-01 (IIE 2016). Nearly 40% were
enrolled in programs during the summer term, about one-third enrolled in programs lasting one semester, and nearly a
quarter enrolled in short-term programs lasting up to 8 weeks. Only 3% enrolled for the full academic year, and very few
enrolled for one or two quarters. The vast majority were undergraduates, primarily juniors and seniors; about 10% were
master’s students; and 1% were doctoral students. Two-thirds of the U.S. students studying abroad were women, and nearly
three-quarters were white. More than one-third were studying in S&E fields: 17% in social sciences, 8% in physical or life
sciences, 5% in engineering, 2% in mathematics or computer sciences, and 2% in agricultural sciences; these proportions have
been fairly stable since 2000-01. The leading destinations for study abroad programs in the 2014-15 academic year were the
United Kingdom, Italy, and Spain, followed by France and China.[14]

[1] For most countries, the data in Appendix Table 2-33 include public and private sources.
[21 The most recent data available from Canada correspond to 2012.

(3] According to an international database compiled by the State University of New York at Albany’s Program for Research on
Private Higher Education (2011), the United States and Japan have long-standing private higher education sectors, and
Western Europe has an almost completely public higher education sector. Eastern and Central Europe and several African
countries have recently seen growth in private higher education. In most countries in Latin America, more than half of all
higher education institutions are private. In Asia, many governments have encouraged the expansion of private higher
education as one of the strategies to deal with high enrollment growth (see sidebar Trends in Higher Education in Asia in NSB
2016). In 2011, about 80% of the students in South Korea and Japan and 60%-64% of the students in Singapore, the
Philippines, Nepal, Indonesia, and Cambodia were enrolled in private institutions (UNESCO/UIS 2014).

[4] These data are based on ISCED 2011 and are thus not comparable with data presented in earlier volumes based on ISCED
1997. These data are based on national labor force surveys and are subject to sampling error; therefore, small differences
between countries may not be meaningful (OECD 2016).
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[5] Data in the international tables are not strictly comparable with those in previous editions of Science and Engineering
Indicators because of a change in the aggregation of fields of study in data collected by UNESCO/UIS, OECD, and Eurostat.
Data for the United States and other countries have been aggregated to match as much as possible.

(6] Comparison with Germany covers 2005-14 because of ISCED 2011 changes.
[71 Comparison for Australia covers 2000-11.

(8] In international degree comparisons, S&E does not include medical or other health fields. This is because international
sources cannot separate the MD degrees from degrees in the health fields, and the MDs are professional or practitioner
degrees, not research degrees.

[91 For international comparability, the estimated proportion of temporary residents here is based on the U.S. doctoral degree
totals in Appendix Table 2-38, which are based on the ISCED 2011 taxonomy of fields (denominator). The numerator comes
from the number of temporary residents in Appendix Table 2-32 but excludes the medical fields which are not included in
international comparisons because some countries include medical degrees, which are professional rather than research
degrees, under this category.

[10] For a discussion on trends in higher education in Asia, see /ndicators 2076 Chapter 2 [2016] section International S&E
Higher Education [2016] at https://nsf.gov/statistics/2016/nsb20161/#/report/chapter-2/international-s-e-higher-education.

[111n the United States, women earned nearly half of the S&E doctoral degrees awarded to U.S. citizens and permanent
residents in 2012 (Appendix Table 2-31).

[12] This initiative is part of a broader effort from the Brazilian government to grant 100,000 scholarships to the best students
to study abroad at the top universities around the world (lIE 2017a).

[13] Internationally mobile students are those who have crossed a national or territorial border for the purposes of education
and are now enrolled outside their country of origin. This concept is different from “foreign students,” who are those who are
not citizens of the country where they are enrolled but may, in some cases, be long-term residents or have been born in the
country (OECD 2012).

[14] For the most recent data available on degree mobility, please see NSB 2016 for a discussion of this subject in Belyavina, Li,
and Bhandari 2013.
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Conclusion

S&E higher education in the United States is attracting growing numbers of students. The number of associate’s, bachelor’s,
master’s, and doctoral degrees awarded in all fields and in S&E fields continues to rise, having reached new peaks in 2015. At
the associate’s level, the number of S&E associate’s degrees more than doubled; growth was also high in associate’s degrees in
health technologies. At the bachelor’s level, most of the growth in S&E education occurred in the social sciences and in the
biological sciences, followed by engineering. In engineering, bachelor’s degrees have increased consistently for the last 10
years and have surpassed the record high numbers attained in the mid-1980s; graduate enrollment in engineering has also
reached record numbers. Computer sciences degree awards have increased continuously since 2009, after a steep decline in
the mid- to late 2000s. The number of master’s and doctoral degrees awarded grew in all major S&E fields. In the last decade,
growth in doctoral degrees awarded occurred mostly in the natural sciences and engineering fields.

Community colleges play a key role in increasing access to higher education for all citizens. Many U.S. citizen and
permanent resident degree holders report earning college credit from a community college. Nearly half of Hispanic
undergraduates are enrolled in them. The expected demographic growth in the number of Hispanic students between 20 and

24 years of age will affect community colleges and HHEs.

Over the last two decades, higher education spending and revenue patterns and trends have undergone substantial
changes, which intensified during the recent economic downturn. Public institutions faced competing demands in a tight
budget environment, caught between declining state appropriations and the need to maintain educational quality and access.
Despite the decline in enroliment in 2013-14, net tuition per FTE student continued to increase with the decrease in revenues
from state and local appropriations in public institutions, so challenges remain.

Globalization of higher education continues. Universities in several other countries have expanded their enrollment of
international S&E students. In the United States, international student enrollment in S&E has recovered since the post-9/11
decline, increasing considerably at the undergraduate and graduate levels in S&E and non-S&E fields, but in the last year
international enrollment declined. Overall, the United States continues to attract the largest number of internationally mobile
students worldwide, although its share of international students in all fields has dropped since the turn of the century. The

U.S. proportion may decrease further if the declining trend in international enrollment continues.

Higher education is facing rapid technological transformations. The growth of distance and online education through
MOOCs and similar innovations expands access to knowledge and has the potential to decrease the cost of some degrees, at
the same time as pressures have been increasing to reduce rising costs. In computer sciences in particular, students can now
obtain certificates that provide them with a specific set of skills they can apply to the job; these provide an affordable and
flexible alternative to students’ training. However, it is too early to assess whether different types of institutions will widely
adopt MOOCs, whether increased access will be accompanied by increased learning, and what consequences distance and
online innovations will bring to the higher education landscape.

Glossary

Definitions

Credit mobility: Temporary tertiary education within the framework of enrollment in a tertiary education program at a home
institution (usually) for the purpose of gaining academic credit (i.e., credit that will be recognized in that home institution). It is
mostly used for study, but it can also take other forms, such as traineeships.
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Degree mobility: The physical crossing of a national border to enroll in a degree program at the tertiary level in the country of
destination. The degree program would require the students’ presence for the majority of courses taught.

European Union (EU): The EU comprises 28 member nations: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the
Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, and the United Kingdom. Unless otherwise noted,
Organisation for Economic Co-operation and Development data on the EU include all 28 nations.

First university degree: A terminal undergraduate degree program; these degrees are classified as “level 6” or “level 7" in the
2011 International Standard Classification of Education, which was developed by UNESCO. Individual countries use different
names for the first university degree (e.g., corso di Laureain Italy, diplomin Germany, licencein France, and bachelor’s degree
in the United States and in Asian countries).

Internationally mobile students: Students who have crossed a national or territorial border for purposes of education and are
now enrolled outside their countries of origin. This term refers to degree mobility in data collected by UNESCO/UIS, OECD, and
Eurostat and excludes students who travel for credit mobility.

Massive Open Online Course (MOOC): An online course made available over the Internet without charge to an unlimited
number of people.

Natural sciences: Include agricultural; biological; computer; earth, atmospheric, and ocean; and physical sciences and

mathematics.

Net tuition revenue: Total revenue from tuition and fees (including grant and loan aid students use to pay tuition); excludes

institutional student aid that is applied to tuition and fees.

Science and engineering fields: Degree award data from the Department of Education cover degrees in the following science
and engineering fields: astronomy, chemistry, physics, atmospheric sciences, earth sciences, ocean sciences, mathematics and
statistics, computer sciences, agricultural sciences, biological sciences, psychology, social sciences, and engineering. At the
doctoral level, the medical and health sciences are included under science and engineering because these data correspond to
the doctor’s-research/scholarship degree level which are research-focused degrees.

Underrepresented minorities: Blacks, Hispanics, and American Indians and Alaska Natives are considered to be

underrepresented minorities in S&E.

Key to Acronyms and Abbreviations

ARRA: American Recovery and Reinvestment Act

BPS: Beginning Postsecondary Students

C-BERT: Cross-Border Education Research Team

DOD: Department of Defense

EACEA: Education, Audiovisual and Culture Executive Agency
EU: European Union

FTE: full-time equivalent

GAO: U.S. Government Accountability Office

GDP: gross domestic product

GSS: Survey of Graduate Students and Postdoctorates in Science and Engineering
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HBCU: historically black college or university

HHE: high Hispanic enrollment

HSI: Hispanic-serving institution

IIE: Institute of International Education

IPEDS: Integrated Postsecondary Education Data System
ISCED: International Standard Classification of Education
ISCED-F: ISCED Fields of Education and Training

MIT: Massachusetts Institute of Technology

MOOC: massive open online course

MSI: minority-serving institution

NCES: National Center for Education Statistics

NCSES: National Center for Science and Engineering Statistics
NIH: National Institutes of Health

NPSAS: National Postsecondary Student Aid Study

NSB: National Science Board

NSCG: National Survey of College Graduates

NSF: National Science Foundation

OECD: Organisation for Economic Co-operation and Development
OPT: optional practical training

PSM: Professional Science Master's

R&D: research and development

RA: research assistantship

S&E: science and engineering

SEVIS: Student and Exchange Visitor Information System
STEM: science, technology, engineering, and mathematics
TA: teaching assistantship

TCU: tribal college or university

UIS: UNESCO Institute for Statistics

UNESCO: United Nations Educational, Scientific and Cultural Organization
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Highlights

U.S. S&E Workforce: Definition, Size, and Growth

The S&E workforce can be defined in several ways: as workers in S&E occupations (6.7 million), as holders of S&E degrees
(23.2 million), or as those who use S&E technical expertise on the job (19.4 million). The estimated size of the S&E
workforce varies depending on the definitional criteria chosen.

* In 2015, estimates of the size of the S&E workforce ranged from over 6 million to more than 23 million depending on
the definition used.

* In 2015, an estimated 6.4 million college graduates were employed in S&E occupations in the United States. The
largest S&E occupations were computer and mathematical sciences (3.1 million), followed by engineering (1.7
million). Occupations in life sciences (631,000), social sciences (570,000), and physical sciences (331,000) combined
to about the size of the engineering component.

In 2015, about 23.2 million individuals in the United States had a bachelor’s or higher level degree in an S&E field of
study. Of these 23.2 million individuals, the majority (17.3 million) held their highest level of degree (which can be a
bachelor’s, master'’s, professional, or doctorate) in an S&E field, the remainder held their highest level of degree in an
S&E-related or non-S&E field. Of these S&E highest degrees, the most common fields were social sciences (6.8 million)
and engineering (3.8 million). Computer and mathematical sciences (2.9 million), life sciences (2.8 million), and physical
sciences (1.0 million) together were slightly less than the size of the social sciences component.

+ Not all S&E degree holders work in jobs formally designated as S&E occupations. The number of college-educated
individuals reporting that their jobs require at least a bachelor’s degree level of technical expertise in S&E (19.4
million) is substantially higher than the number employed in S&E occupations (6.4 million), suggesting that the
application of S&E knowledge and skills is widespread across the technologically sophisticated U.S. economy and not
limited to jobs classified as S&E.

The S&E workforce has grown steadily over time.

+  Between 1960 and 2015, the number of workers in S&E occupations grew at an average annual rate of 3%,
compared with the 2% growth rate for the total workforce.

*  During and immediately after the 2007-09 economic downturn, trends in S&E employment fared relatively better
compared to overall employment trends. Between 2007 and 2010, S&E employment level remained stable whereas
total employment declined. Both employment levels have risen since 2010.

S&E Workers in the Economy

Scientists and engineers work for all types of employers.

«  The majority of scientists and engineers (individuals trained or employed in S&E) are employed in the business
sector (71%), followed by the education (19%) and government (11%) sectors. Within the business sector, for-profit
businesses employ the bulk of scientists and engineers.
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+  Among individuals with S&E doctorates, the proportion working in the business sector is 48%, and the proportion
working in the education sector is 43%. Within the education sector, over 90% work in 4-year colleges and
universities, including those in postdoctoral and other temporary positions.

«  The majority of educational institutions and government entities that employ scientists and engineers are large
employers (i.e., having 100 or more employees). In contrast, scientists and engineers working in the business sector
are distributed across firms of different sizes.

«  Within the business sector, the industry with the largest number of workers in S&E occupations is professional,
scientific, and technical services.

*  Employment in S&E occupations is geographically concentrated in the United States. The 20 metropolitan areas with
the largest proportion of the workforce employed in S&E occupations in 2015 accounted for 19% of nationwide S&E
employment, compared to 9% of all employment.

S&E Labor Market Conditions

Whether measured by S&E occupation or degree, S&E workers have higher earnings than other comparable workers.

. Half of the workers in S&E occupations earned $84,000 or more in 2016, which is more than double the median
salaries ($37,000) of the total workforce.

«  Employed college graduates with a highest degree in S&E earn more than those with non-S&E degrees (median
salaries in 2015 were $68,000 and $55,000, respectively). For the most part, the earnings premium associated with
an S&E degree is present across early, mid-, and later career stages.

The S&E labor force is less likely than others to experience unemployment.

+  Unemployment rates for college-educated individuals in S&E occupations tend to be lower than those for all college
graduates and much lower than those for the overall labor force: In February 2015, about 3.3% of scientists and
engineers and 3.5% of all college-educated individuals in the labor force were unemployed, which are both
substantially less than the official unemployment rate for the entire U.S. labor force (5.8%).

. Unemployment rates for S&E doctorate (2.6%) and master’s degree holders (2.8%) are even lower than those for S&E
bachelor’s degree holders (4.0%).

Demographics of the S&E Workforce

Mirroring U.S. population trends, the S&E labor force is aging. Additionally, a larger proportion of older scientists and
engineers remain in the labor force in 2015 than in 1993.

+ The median age of scientists and engineers in the labor force was 43 years in 2015, compared to 41 years in 1995.

+  Between 1993 and 2015, an increasing percentage of scientists and engineers in their 60s reported that they were
still in the labor force. Whereas 54% of scientists and engineers between the ages of 60 and 69 were in the labor
force in 1993, the comparable percentage rose to 62% in 2015.
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Women remain underrepresented in the S&E workforce, but less so than in the past.

In 2015, women constituted 50% of the college-educated workforce, 40% of employed individuals whose highest
degree was in an S&E field, and 28% of those in S&E occupations. The corresponding 1993 shares were 43%, 30%,
and 23%, respectively.

Women employed in S&E occupations are concentrated in different occupational categories than men, with
relatively high proportions in social sciences (60%) and life sciences (48%) and relatively low proportions in
engineering (15%), physical sciences (28%), and computer and mathematical sciences (26%).

Historically underrepresented racial and ethnic groups, particularly blacks and Hispanics, continue to be part of the S&E

workforce at rates lower than their presence in the U.S. population, whereas Asians and foreign-born individuals are
represented in the S&E workforce at substantially higher rates.

Hispanics, blacks, and American Indians or Alaska Natives together make up 27% of the U.S. population age 21 and
older but a much smaller proportion of the S&E workforce: 15% of S&E highest degree holders and 11% of workers
in S&E occupations.

Conversely, Asians make up 6% of the U.S. population age 21 and older but account for 21% of those employed in
S&E occupations. Asians have a large presence in engineering and computer sciences occupations, particularly
among computer software and hardware engineers, software developers, computer and information research
scientists, and postsecondary teachers in engineering.

About 67% of workers in S&E occupations are non-Hispanic whites, which is comparable to their overall
representation in the U.S. population age 21 and older (66%).

Foreign-born individuals account for 29% of all workers in S&E occupations, which is substantially higher than their
share of the entire college-educated workforce (17%).

Foreign-born workers employed in S&E occupations tend to have higher levels of education than their U.S. native-
born counterparts.

A variety of indicators point to a post-recession increase in the immigration of scientists and engineers following a
temporary decline during the 2007-09 economic downturn.

The issuance of new H-1B visas, which languished during the recession, continued to increase since 2009 and, by
2015, exceeded the pre-recession levels.

About 70% of temporary visa holders earning a U.S. S&E doctorate are in the United States at least 5 years later. This
proportion reached 67% in 2005, declined during the economic downturn, and then rose to 70% in 2015.

Global S&E Labor Force

Worldwide, the number of workers engaged in research has been growing. This includes “professionals engaged in the

conception or creation of new knowledge" who "conduct research and improve or develop concepts, theories, models,

techniques instrumentation, software or operational methods" (OECD 2015).

Among countries with large numbers of researchers—defined as workers engaged in the conception or creation of
new knowledge—growth since 2000 has been most rapid in China and South Korea.

The United States and the European Union experienced steady growth but at lower rates than China or South Korea.
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* Russia and, to some extent, Japan were exceptions to the worldwide trend. Between 2000 and 2014, the number of
researchers in Japan rose very slightly; in Russia, the number declined.

Introduction

Chapter Overview

Policymakers and scholars emphasize innovation based on S&E R&D as a vehicle for a nation’s economic growth and global
competitiveness. In the increasingly interconnected world of the 21st century, workers with S&E expertise are integral to a
nation’s innovative capacity because of their high skill level, their creative ideas, and their ability not only to advance basic
scientific knowledge but also to transform advances in fundamental knowledge into tangible and useful products and services.
As a result, these workers make important contributions to improving the nation’s living standards.

Chapter Organization

The U.S. S&E workforce includes both individuals employed in S&E occupations and individuals educated in S&E fields but
employed in a variety of non-S&E occupations. Many more individuals have S&E degrees than work in S&E occupations.
Indicative of a knowledge-based economy, many individuals in non-S&E occupations reported that their work nevertheless
requires a bachelor's degree level of S&E expertise. Therefore, the first section in this chapter, U.S. S&E Workforce: Definition,
Size, and Growth, discusses the S&E workforce based on three measures: workers in S&E occupations, holders of S&E degrees,
and use of S&E technical expertise on the job. This section also discusses the interplay between educational background and
choice of occupation.

The second section in this chapter, S&E Workers in the Economy, examines the distribution of S&E workers across
employment sectors. It describes the distribution of S&E workers across sectors (e.g., business, education, government) as
well as within particular sectors (e.g., local, state, and federal government). This section also presents data on geographic
distribution of S&E employment in the United States. Data on R&D activity and work-related training by S&E workers are also
discussed.

The third section, S&E Labor Market Conditions, looks at labor market outcomes for S&E workers. Data in this section focus
on earnings and unemployment, with a focus on recent S&E graduates.

The next three sections cover workforce demographics. Age and Retirement of the S&E Workforce presents data on the age
distribution and retirement patterns of S&E workers. Women and Minorities in the S&E Workforce focuses on S&E
participation by women and by racial and ethnic minorities; this section also presents data on salary differences by sex and by
race and ethnicity. Immigration and the S&E Workforce presents data on S&E participation by foreign-born individuals in the
United States.

The final section in this chapter is Global S&E Labor Force. Although there are indications that the global S&E labor force
has grown, international data on the characteristics of this broader labor force are particularly limited and are not always
comparable with data for the United States. In this final section, data from the Organisation for Economic Co-operation and
Development (OECD) are used to present indicators of worldwide R&D employment.

This chapter uses a variety of data sources, including, but not limited to, the National Science Foundation/National Center
for Science and Engineering Statistics' (NSF/NCSES's) National Survey of College Graduates (NSCG), Survey of Doctorate
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Recipients (SDR), Survey of Earned Doctorates (SED), and Survey of Graduate Students and Postdoctorates in Science and
Engineering; the Census Bureau’s American Community Survey (ACS); the Occupational Employment Statistics (OES) survey
administered by the Bureau of Labor Statistics (BLS); and the Current Population Survey (CPS) sponsored jointly by the Census
Bureau and BLS. Different sources cover different segments of the population and different levels of detail on the various
topics. (See sidebar B®8NSF/NCSES's Data on Scientists and Engineers and B Table 3-1.) Although data collection methods and
definitions can differ across surveys in ways that affect estimates, presenting data from different sources facilitates a more
accurate and comprehensive picture of the very specialized S&E workforce. Long-term trends, international trends, and
comparisons of S&E and non-S&E workers are discussed whenever data are available.
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TABLE 3-1 EH

Major sources of data on the U.S. labor force

(Data sources and information)

Data collection Data . .
Data source Major topics Respondent | Coverage
agency years
All full-time and part-time wage
Worker occupation,
and salary workers in nonfarm
Occupational Employment Department of salary, industry, employer
Through Employing industries; does not cover self-
Statistics (OES), https:// Labor, Bureau of location (national, state,
2016 organizations | employed, owners and partners in
www.bls.gov/oes/ Labor Statistics metropolitan statistical
unincorporated firms, household
area)
workers, or unpaid family workers
Employment status, Individuals with a bachelor’s
National Survey of College National Science occupation, job degree or higher in any field,
Graduates (NSCG), https:// Foundation, characteristics (work including an oversample of
www.nsf.gov/statistics/ National Center Through | activities, technical individual individuals with a bachelor's
ndividuals
srvygrads/; see sidebar NSF/ | for Science and 2015 expertise), salary, degree or higher in an S&E or S&E-
NCSES's Data on Scientists Engineering detailed educational related field or with non-S&E
and Engineers Statistics history, demographic degrees but working in an S&E or
characteristics S&E-related occupation
Employment status,
Survey of Doctorate National Science occupation, job
Recipients (SDR), https:// Foundation, characteristics (work
Individuals with U.S.-awarded
www.nsf.gov/statistics/ National Center Through | activities, technical
Individuals research doctorates (includes both
srvydoctoratework/; see for Science and 2015 expertise), salary,
U.S. and non-U.S. residents)
sidebar NSF/NCSES's Data on | Engineering detailed educational
Scientists and Engineers Statistics history, demographic
characteristics
American Community Survey Employment status,
Department of
(ACS), https:// Through | occupation, educational
Commerce, Households U.S. population
WWW.Census.gov/programs- 2015 attainment, demographic
Census Bureau
surveys/acs/ characteristics
Current Population Survey Department of
Through | Employment status, Civilian noninstitutional
(CPS), https:// Labor, Bureau of ) Households i
2015 occupation population ages 16 or over

www.census.gov/cps/

Labor Statistics
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U.S. S&E Workforce: Definition, Size, and Growth

Definition of the S&E Workforce

Because there is no standard definition of S&E workers, this section presents multiple categorizations for measuring the
size of the S&E workforce.[1] In general, this section defines the S&E workforce to include people who either work in S&E
occupations or hold S&E degrees. Because the application of S&E knowledge and skills is not limited to jobs classified as S&E,
the number of workers reporting that their jobs require at least a bachelor’s degree level of knowledge in one or more S&E
fields exceeds the number of jobs in the economy with a formal S&E label. Therefore, this section also presents data on the
use of S&E technical expertise on the job to provide an estimate of the S&E workforce. The estimated number of scientists and
engineers varies based on the criteria applied to define the S&E workforce.

U.S. federal occupation data classify workers by the activities or tasks they primarily perform in their jobs. NSF and Census
Bureau occupation data are based on information provided by individuals or household members and classified into
categories based on the Standard Occupational Classification (SOC) system (see Appendix Table 3-1).12] In contrast, the BLS-
administered OES survey relies on employers to classify their workers using SOC definitions. Differences between employer-
and individual-provided information can affect the content of occupation data.

NSF uses a set of SOC categories that it calls S&E occupations. Very broadly, these occupations include life scientists,
computer and mathematical scientists, physical scientists, social scientists, and engineers. NSF also includes postsecondary
teachers of these fields in S&E occupations. A second category of occupations, S&E-related occupations, includes health-
related occupations, S&E managers, S&E technicians and technologists, architects, actuaries, S&E precollege teachers, and
postsecondary teachers in S&E-related fields. The S&E occupations are generally assumed to require at least a bachelor’s
degree level of education in an S&E field. The vast majority of S&E-related occupations also require S&E knowledge or training,
but an S&E bachelor's degree may not be a required credential for employment in some of these occupations. Examples
include health technicians and computer network managers. Other occupations, although classified as non-S&E occupations,
may include individuals who use S&E technical expertise in their work. Examples include technical writers who edit scientific
publications and salespeople who sell specialized research equipment to chemists and biologists. The NSF occupational
classification of S&E, S&E-related, and non-S&E occupations appears in BB Table 3-2, along with the NSF educational
classification of S&E, S&E-related, and non-S&E degree fields.
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TABLE 3-2 EH

Classification of degree fields and occupations

(Classifications, fields, and occupations)

Occupation
Classification Degree field Occupation classification
STEM | S&T
Biological, agricultural, and environmental life Biological, agricultural, and environmental life
sciences scientists X X
Computer and mathematical sciences Computer and mathematical scientists X X
SRE Physical sciences Physical scientists X X
Social sciences Social scientists X X
Engineering Engineers X X
- S&E postsecondary teachers
Health fields Health-related occupations
- S&E managers X
Science and math teacher education S&E precollege teachers
S&E-related Technology and technical fields S&E technicians and technologists X X
Architecture Architects
Actuarial science Actuaries

- S&E-related postsecondary teachers

Non-S&E managers
Management and administration
Management-related occupations

Education (except science and math teacher Non-5&E precollege teachers

education) Non-S&E postsecondary teachers
Non-S&E

Social services and related fields Social services occupations

Sales and marketing Sales and marketing occupations

Arts and humanities Arts and humanities occupations

Other fields Other occupations

S&T = science and technology; STEM = science, technology, engineering, and mathematics.
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Note(s)

The designations STEM and S&T refer to occupations only. S&E occupations require at least a bachelor's degree in an S&E field of study,
and S&E-related occupations require S&E knowledge or training but not necessarily at the bachelor's degree level. For more detailed
classification of occupations and degrees by S&E, S&E-related, and non-S&E, see National Science Foundation, National Center for

Science and Engineering Statistics, National Survey of College Graduates (NSCG), https://www.nsf.gov/statistics/srvygrads/.

Science and Engineering Indicators 2018

Indicative of a knowledge-based economy, the number of individuals who have S&E training or who reported applying S&E
technical expertise in their jobs exceeds the number of individuals employed in jobs that are categorized as S&E. Therefore, a
relatively narrow definition of the S&E workforce consists of workers in occupations that NSF designates as S&E occupations.
In comparison, a much broader definition of an S&E worker, used by NSF's data on scientists and engineers, includes any
individual with a bachelor’s or higher level degree in an S&E or S&E-related field of study or a college graduate with a degree in
any field employed in an S&E or S&E-related occupation.

As noted, the S&E workforce may also be defined by the technical expertise or training required to perform a job. Unlike
information on occupational categories or educational credentials, information on the use of technical knowledge, skills, or
expertise in a person’s job reflects that individual's subjective opinion about the content and characteristics of the job.[3] The
next section provides estimates of the size of the S&E workforce using these three definitions: those who work in S&E
occupations, those who hold S&E degrees, and those whose jobs require S&E technical expertise.

Other general terms—including science, technology, engineering, and mathematics (STEM); science and technology (S&T);
and science, engineering, and technology (SET)—are often used to designate the part of the labor force that works with S&E.
These terms are broadly equivalent and have no standard definition.
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SIDEBAR B

NSF/NCSES's Data on Scientists and Engineers

The data on scientists and engineers from the National Center for Science and Engineering Statistics within the National
Science Foundation provide detailed employment, education, and demographic information for scientists and engineers
under age 76 residing in the United States. Scientists and engineers are defined as individuals who have college degrees
in S&E or S&E-related fields or who have only a non-S&E degree at the bachelor’s level or higher and are working in S&E
or S&E-related occupations. (See ETable 3-2 for definitions of S&E and S&E-related occupations.) Unless otherwise
noted, this chapter uses the term “scientists and engineers” to refer to this broad definition and the term “college
graduates” to refer to the population with at least a bachelor’s degree. The data available on scientists and engineers are
collected by two large demographic and workforce surveys of individuals conducted by NCSES: the National Survey of
College Graduates (NSCG) and the Survey of Doctorate Recipients (SDR).

The NSCG and SDR provide the most comprehensive information about the size and characteristics of the S&E
workforce. As a result, information obtained through these surveys is critically important to understand the education
and employment patterns of scientists and engineers. Because the NSCG covers the entire population of college
graduates residing in the United States, this survey provides information on individuals educated or employed in S&E
fields as well as those educated or employed in non-S&E fields. The data presented in this chapter for all scientists and
engineers and for all college graduates (regardless of S&E background) are mostly based on the NSCG.

Whereas NSCG data cover the general college-educated population, the SDR data provide information on scientists
and engineers who earned their research doctoral degree in a science, engineering, or health (SEH) field from a U.S.
academic institution. The SDR is a biennial survey that has been conducted since 1973; it is a unique source of
information on educational and occupational achievements and career movements of the nation’s doctoral scientists
and engineers. Some data presented in this chapter for doctoral scientists and engineers are based on the SDR.

In prior editions of Science and Engineering Indicators, an integrated data system, the Scientists and Engineers
Statistical Data System (SESTAT), was used as the main source of data within this chapter. SESTAT was formed through
the integration of the NSCG, SDR, and the National Survey of Recent College Graduates (NSRCG), with the NSRCG
providing data on recent bachelor's and master’s degree recipients in S&E fields.

Recent sample design improvements to the NSCG increased the survey’'s population coverage of recent college
graduates and eliminated the need for the NSRCG. In addition, the SDR recently expanded its sample to allow for the
evaluation of employment characteristics at the fine field of study level for the first time. These recent survey changes
provided an opportunity to use the NSCG and SDR data individually for this chapter.

Size of the S&E Workforce

When defined by occupation only, the S&E workforce totals approximately 6.7 million people according to the most recent
estimates (E Table 3-3). Those in S&E occupations who had at least a bachelor’s degree are estimated at between 5.0 million

and 6.4 million.[4] By far the largest categories of S&E occupations are in computer and mathematical sciences and in
engineering, which together account for about 76% (among college-educated workers) to 85% (among workers of all
education levels) of all employed workers in S&E occupations (liFigure 3-1). Occupations in life, social, and physical sciences

each employ a smaller proportion of S&E workers.
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Measures and size of U.S. S&E workforce: 2015 and 2016

(Number)

Measure
Occupation
Employed in S&E occupations
Employed in S&E occupations
Employed in S&E occupations
Employed in S&E occupations
Education
At least one degree in S&E field
Highest degree in S&E field
Job closely related to highest degree
S&E occupation
Other occupation
Job somewhat related to highest degree
S&E occupation

Other occupation

Job requires S&E technical expertise at bachelor’s level

In one or more S&E fields

Engineering, computer science, mathematics, or natural sciences

Social sciences

Education coverage

All education levels
Bachelor’s and above
All education levels

Bachelor’s and above

Bachelor’s and above
Bachelor’s and above
Bachelor’s and above
Bachelor's and above
Bachelor’s and above
Bachelor’s and above
Bachelor’s and above

Bachelor's and above

Bachelor’s and above
Bachelor’s and above

Bachelor's and above

Data source

2016 BLS OES survey

2015 NSF/NCSES NSCG

2015 Census Bureau ACS

2015 Census Bureau ACS

2015 NSF/NCSES NSCG

2015 NSF/NCSES NSCG

2015 NSF/NCSES NSCG

2015 NSF/NCSES NSCG

2015 NSF/NCSES NSCG

2015 NSF/NCSES NSCG

2015 NSF/NCSES NSCG

2015 NSF/NCSES NSCG

2015 NSF/NCSES NSCG

2015 NSF/NCSES NSCG

2015 NSF/NCSES NSCG

3116

Individuals

6,747,000

6,407,000

6,703,000

5,036,000

23,160,000

17,289,000

6,437,000

3,445,000

2,993,000

4,148,000

1,122,000

3,026,000

19,366,000

14,140,000

8,919,000

ACS = American Community Survey; BLS = Bureau of Labor Statistics; NSCG = National Survey of College Graduates; NSF/NCSES =

National Science Foundation, National Center for Science and Engineering Statistics; OES = Occupational Employment Statistics.

Note(s)
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Estimates of the S&E workforce vary across the example surveys because of differences in the scope of the data collection (the NSCG
collects data from individuals with bachelor’s degrees and above only); because of the survey respondent (the NSCG collects data from
individuals, the OES survey collects data from establishments, and the ACS collects data from households); or because of the level of
detail collected on an occupation, which aids in classifying a reported occupation into a standard occupational category. All of these
differences can affect the estimates. For example, the NSCG estimate of the number of workers in S&E occupations includes
postsecondary teachers of S&E fields; however, postsecondary teachers in ACS are grouped under a single occupation code, regardless
of field, and are therefore not included in the ACS estimate of the number of workers in S&E occupations. The totals for at least one
degree in S&E field and highest degree in S&E field include individuals who are employed as well as those who are unemployed and out

of the labor force.

Source(s)
BLS, OES survey (2016); Census Bureau, ACS (2015); NSF/NCSES, NSCG (2015), https://www.nsf.gov/statistics/srvygrads/.

Science and Engineering Indicators 2018
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FIGURE 3-1 ol

Employment in S&E occupations, by broad occupational category: 2015 and 2016
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Source(s)

Bureau of Labor Statistics, Occupational Employment Statistics (OES) Survey (2016); National Science Foundation, National Center for
Science and Engineering Statistics, National Survey of College Graduates (NSCG) (2015), https://www.nsf.gov/statistics/srvygrads/.
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As noted earlier, S&E degree holders greatly outnumber those currently employed in S&E occupations. In 2015, about 23
million college graduates in the United States had a bachelor’s or higher level degree in an S&E field of study (B Table 3-3).
About three-fourths of these college graduates (17.3 million) attained their highest degree—a bachelor’s, master’s,
professional, or doctorate—in an S&E field (in this chapter, these individuals are referred to as S&E highest degree holders). An
individual's highest degree is often an accurate representation of the skills and credentials that one employs in the labor
market, which is why the data presented in this chapter by educational attainment are generally provided for highest degree.
Overall, across all S&E highest degrees, social sciences and engineering were the most common degree fields (li Figure 3-2).[5]
The 17.3 million college graduates with an S&E highest degree includes 12.4 million with bachelor’s degrees, 3.7 million with
master’s degrees, 1.2 million with doctorates, and 37,000 with professional degrees.
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FIGURE 3-2 lll

S&E degrees among college graduates, by field and level of highest degree: 2015
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Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, National Survey of College Graduates (NSCG)
(2015), https://www.nsf.gov/statistics/srvygrads/.
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A majority of S&E degree holders (61%) reported that their job was either closely or somewhat related to their field of
highest degree (B Table 3-3). Because many of these individuals were employed in occupations not categorized as S&E, this

suggests that the application of S&E knowledge and skills is widespread across the U.S. economy and not limited to
occupations classified as S&E.

The extensive use of S&E expertise in the workplace is also evident from the number of college graduates who indicate that
their job requires technical expertise at the bachelor’s degree level in S&E fields. Nearly 19.4 million college graduates,
regardless of field of degree or occupation, reported that their jobs required at least this level of technical expertise in one or
more S&E fields (B Table 3-3); this figure is three times as large as the 6.4 million college graduates employed in S&E
occupations.



 National Science Board | Science & Engineering Indicators 2018 3120

| CHAPTER3 | Science and Engineering Labor Force

Growth of the S&E Workforce

The S&E workforce has grown faster over time than the overall workforce. According to Census Bureau data, employment

in S&E occupations grew from about 1.1 million in 1960 to about 6.7 million in 2015 (liFigure 3-3).[6] This represents an
average annual growth rate of 3%, compared to a 2% growth rate in total employment during this period. S&E occupational
employment as a share of total employment doubled, from about 2% in 1960 to about 4% in 2015. See sidebar Projected
Growth of Employment in S&E Occupations for BLS data on occupational projections for the period 2014-24.

Data indicate that trends in S&E employment fared relatively better than overall employment trends during and after the
2007-09 economic downturn. Occupation-based estimates from BLS indicate that the size of the S&E workforce stayed
relatively steady between May 2007 (5.6 million) and May 2010 (5.5 million) and then rose to 6.7 million by May 2016. The
broader STEM workforce—including S&E technicians and managers—by May 2016 had increased to 8.7 million from 7.6
million in May 2007. The total workforce fell by 7.3 million between May 2007 (134 million) and May 2010 (127 million) and
then rose to 140 million by May 2016.

The growth in the number of individuals with S&E degrees in recent years can be examined using NSF survey data on
scientists and engineers. The total number of S&E highest degree holders employed in the United States grew from 9.6 million
to 13.5 million between 2003 and 2015, reflecting a 2.9% annual average growth rate. Most broad S&E degree fields exhibited
growth (liFigure 3-4). (See Chapter 2 for a fuller discussion of S&E degrees.)

A number of factors have contributed to the growth in the S&E labor force over time: the rising demand for S&E skills in a
global and highly technological economic landscape; increases in U.S. S&E degrees earned by women, racial and ethnic
minority groups, and foreign-born individuals; temporary and permanent migration to the United States of those with foreign
S&E educations; and the rising number of scientists and engineers who are delaying their retirement. The demographic
sections of this chapter provide data on aging and retirement patterns of scientists and engineers as well as on S&E
participation by women, racial and ethnic minorities, and foreign-born individuals.
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FIGURE 3-3 1l

Individuals employed in S&E occupations in the United States: Selected years, 1960-2015
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Census Bureau, Decennial Census (1960-2000), and American Community Survey (ACS) (2015) microdata, downloaded from the

Integrated Public Use Microdata Series (IPUMS), University of Minnesota, https://www.ipums.org.
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FIGURE 3-4 ol

Average annual growth in the total number of employed individuals with highest degree in
S&E, by field and level of highest degree: 2003-15
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National Science Foundation, National Center for Science and Engineering Statistics, Scientists and Engineers Statistical Data System

(SESTAT) (2003), https://www.nsf.gov/statistics/sestat/, and National Survey of College Graduates (NSCG) (2015), https://www.nsf.gov/
statistics/srvygrads/.
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SIDEBAR B

Projected Growth of Employment in S&E Occupations

This sidebar presents the most recent data from the Bureau of Labor Statistics (BLS) on occupation projections for the
period 2014-24. While interpreting the data, readers should keep in mind that employment projections are uncertain.
Many industry and government decisions that affect hiring are closely linked to national and global fluctuations in
aggregate economic activity, which are difficult to forecast long in advance. In addition, technological and other
innovations will influence demand for workers in specific occupations. The assumptions underlying projections are
sensitive to fundamental empirical relationships and, as a result, may become less accurate as overall economic
conditions change.*

BLS occupational projections for the period 2014-24 suggest that total employment in occupations that NSF classifies as
S&E will increase at a faster rate (11%) than employment in all occupations (7%) (B8 Table 3-A; liFigure 3-A; Appendix
Table 3-2). These projections are based only on the demand for narrowly defined S&E occupations and do not include

the wider range of occupations in which S&E degree holders often use their training.
Job openings include both new jobs and openings caused by existing workers permanently leaving the occupations.

During the period 2014-24, job openings in NSF-identified S&E occupations are projected to represent nearly one-third
(30%) of current employment in 2014, which is similar to the proportion of job openings in all occupations (31%) (i Figure

3-B).
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TABLE 3-A HH

3|24

Bureau of Labor Statistics projections of employment and job openings in S&E and other
selected occupations: 2014-24

(Thousands)

Occupation

All occupations
All S&E

Computer and
mathematical

scientists

Life scientists
Physical scientists
Social scientists
Engineers

S&E-related

occupations
S&E managers

S&E technicians

and technologists

Computer

programmers

Health care
practitioners and

technicians

Selected other

occupations

Postsecondary

teachers

Lawyers

BLS National
Employment
Matrix 2014
estimate

150,540

6,262

3,714

311
297
304

1,636

919

1,158

329

8,237

1,869

779

BLS projected
2024
employment

160,329

6,957

4,268

330
317
341

1,701

1,034

1,172

302

9,585

2,089

823

Job openings from
growth and net
replacements, 2014~
24

46,507

1,881

1,064

117
93
97

511

308

335

81

3,162

551

158

10-year growth
in total
employment (%)
6.5

111

14.9

6.1
6.7
12.4

4.0

12,5

1.2

-8.0

5.6

10-year job
openings as
percentage of 2014
employment

30.9

30.0

28.6

375
31.2
31.9

31.2

335

28.9

247

38.4

29.5

20.3
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BLS = Bureau of Labor Statistics.

Note(s)

Estimates of current and projected employment for 2014-24 are from BLS's National Employment Matrix; data in the matrix are
from the Occupational Employment Statistics (OES) survey and the Current Population Survey (CPS). Together, these sources
cover paid workers, self-employed workers, and unpaid family workers in all industries, agriculture, and private households.
Because data are derived from multiple sources, they can often differ from employment data provided by the OES survey, CPS, or
other employment surveys alone. BLS does not make projections for S&E occupations as a group nor does it do so for some of
the S&E and S&E-related occupational categories as defined by the National Science Foundation (NSF); numbers in the table are

based on the sum of BLS projections for occupations that the NSF includes in the respective categories. See Appendix Table 3-2.

Source(s)
BLS, Employment Projections program, 2014-24, special tabulations of 2014-24 Employment Projections.

Science and Engineering Indicators 2018
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FIGURE 3-A il

Projected increases in employment for S&E and other selected occupations: 2014-24
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Source(s)
Bureau of Labor Statistics, Employment Projections program, special tabulations (2015) of 2014-24 Employment Projections,

https://www.bls.gov/emp/. See Appendix Table 3-2.

Science and Engineering Indicators 2018



.2 National Science Board | Science & Engineering Indicators 2018 3|27

| CHAPTER3 | Science and Engineering Labor Force

FIGURE 3-B all

Projected job openings in S&E and other selected occupations: 2014-24
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Source(s)
Bureau of Labor Statistics, Employment Projections program, special tabulations (2015) of 2014-24 Employment Projections,

https://www.bls.gov/emp/. See Appendix Table 3-2.
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Of the BLS-projected net job openings in NSF-identified S&E occupations, the majority (57%) are projected to be in
computer and mathematical sciences occupations, the largest subcategory of S&E occupations (B Table 3-A). This
occupational group also has the largest projected growth rate (15%) among NSF-identified S&E groups. Engineering
occupations, the second largest subcategory of S&E occupations, are expected to generate about one-fourth (27%) of all
job openings in S&E occupations during the period 2014-24; however, the growth rate in these occupations (4%) is
projected to be lower than the growth rate for all occupations (7%). The other broad categories of S&E occupations—life
sciences, social sciences, and physical sciences occupations—account for much smaller proportions of S&E occupations
and are projected to have a growth rate between 6% and 12%. Job openings in the broad categories of S&E occupations
are projected to represent relatively similar proportions of current employment in their respective fields, ranging from
29% to 38%.

In addition to S&E occupations, B Table 3-A also shows S&E-related and selected other occupations that include
significant numbers of S&E-trained workers. Among these occupations, the health care practitioners and technicians
group, which employs more workers than all S&E occupations combined, is projected to grow 16%, more than double the
growth rate for all occupations. The postsecondary teachers group, which includes all fields of instruction, and the S&E
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managers group are projected to grow 12% and 13%, respectively, both of which are slightly higher than the 11%
projected growth rate for all S&E occupations. In contrast, BLS projects that the computer programmers group and the
S&E technicians and technologists group will grow more slowly than all S&E occupations, with the computer
programmers group declining in number during this time period.

* The mean absolute percentage error in the 1996 BLS projection of 2006 employment in detailed occupations was
17.6% (Wyatt 2010). The inaccuracies in the 1996 projection of 2006 employment were primarily the result of not
anticipating the housing bubble or increases in oil prices (Wyatt 2010).

Educational Distribution of Workers in S&E Occupations

Workers in S&E occupations have undergone more formal training than the general workforce (li Figure 3-5). Data from the
2015 ACS indicate that a larger proportion of workers in S&E occupations (75%) (which in the ACS excludes postsecondary
teachers) hold a bachelor’s or higher degree than workers in all other occupations (31%).L7] The proportion of workers with
advanced degrees beyond the bachelor’s level is 31% in S&E occupations, compared to 11% in all other occupations. About 7%

of all S&E workers (again excluding postsecondary teachers) have doctorates.
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FIGURE 3-5 ll

Educational attainment, by type of occupation: 2015
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Census Bureau, American Community Survey (ACS) (2015).
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Compared with the rest of the workforce, very few of those employed in S&E occupations have only a high school degree.
However, many individuals enter the S&E workforce with marketable technical skills from technical or vocational schools (with
or without an earned associate’s degree) or college courses; some also acquire these skills through workforce experience or
on-the-job training. In information technology—and, to some extent, in other occupations—employers frequently use
certification examinations, not formal degrees, to judge skills. (See sidebar A Broader Look at the S&E Workforce and the
discussion of community college in the Chapter 2 section Institutions Providing S&E Education.)

Formal S&E training is the usual pathway into S&E occupations. According to the 2015 NSCG, the vast majority (83%) of
college graduates employed in S&E occupations have at least a bachelor’s degree in an S&E field (B Table 3-4). However, the
prevalence of a degree in the same broad field as one’s S&E occupation varies across occupational categories. For example,
among computer and mathematical scientists, less than one-half (45%) have a bachelor's or higher level degree in a field of
study that is equivalent to the field in which they work, and about one-fifth (21%) have no degree in any S&E or S&E-related
field of study. In contrast, 76% of life scientists, 76% of physical scientists, 81% of social scientists, and 81% of engineers have a
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bachelor’s or higher level degree in their respective broad field. The next section presents data on the proportion of S&E
degree holders who are employed in S&E and non-S&E occupational categories.

TABLE 3-4 FH

Educational background of college graduates employed in S&E occupations, by broad S&E
occupational category: 2015

(Percent)
. . . . Computer and . .
Educational All S&E Biological, agricultural, and . Physical Social .
. . . o mathematical T o Engineers
background occupations | environmental life scientists L scientists scientists
scientists
Total (number) 6,407,000 631,000 3,156,000 331,000 570,000 | 1,719,000
At least one S&E
82.8 88.6 75.0 97.6 86.5 91.1
degree
At least one S&E
62.4 76.1 44.8 75.5 80.9 81.0
degree in field
Highest degree in
75.8 66.9 40.6 70.1 70.2 74.5
field
All degrees in S&E 71.0 71.5 65.0 90.3 58.6 824
No S&E degrees but
at least one S&E- 43 5.7 4.4 1.5 2.5 4.6
related degree
No S&E or S&E-
related degree but at
12.9 5.7 20.6 0.9 1.1 4.3
least one non-S&E
degree
Note(s)

At least one S&E degree in field is the proportion of workers in a particular S&E occupational category with at least one bachelor's or
higher level degree in the same broad field. Highest degree in field is the proportion of workers in a particular S&E occupational
category with highest degree in the same broad field. For example, among computer and mathematical scientists, these data refer to
the proportion with at least one bachelor's or higher level degree in the broad field of computer and mathematical sciences and the
proportion with highest degree in the broad field of computer and mathematical sciences, respectively. Detail may not add to total

because of rounding.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, National Survey of College Graduates (NSCG)
(2015), https://www.nsf.gov/statistics/srvygrads/.
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Occupational Distribution of S&E Degree Holders and the Relationship between Jobs and
Degrees

Using data from the NSCG, which provides information on both degree achievement and occupational employment of
scientists and engineers in the United States, this section analyzes the interplay between degree and occupation for
individuals who earned a highest degree in an S&E discipline and those who earned a highest degree in a non-S&E discipline.

Although an S&E degree is often necessary to obtain S&E employment, many individuals with S&E degrees pursue careers
in non-S&E fields. However, most workers with S&E training who work in non-S&E jobs reported that their work is related to
their S&E training, suggesting that the application of S&E skills and expertise extends well beyond jobs formally classified as
S&E occupations. (The section S&E Workers in the Economy provides data on R&D activity of scientists and engineers
employed in S&E and non-S&E occupations.)

Only about half of those with a highest degree in S&E are employed in an S&E (36%) or S&E-related (15%) occupation; the
other 50% are employed in non-S&E occupations. liFigure 3-6 shows the occupational distribution of the S&E workforce with
S&E, S&E-related, and non-S&E highest degrees. The largest category of non-S&E jobs for these S&E degree holders is
management and management-related occupations (2.5 million workers), followed by sales and marketing (1.1 million
workers) (the non-S&E category “Other non-S&E occupations” has a larger total of S&E degree holders, however, it includes a
wide variety of non-S&E occupations) (Appendix Table 3-3). Other non-S&E occupations with a large number of S&E-trained
workers include social services (429,000) and college and precollege teaching in non-S&E areas (404,000). S&E degree holders
also work in S&E-related jobs such as health (666,000), S&E management (477,000), S&E technician or technologist (506,000),
and precollege teaching in S&E areas (269,000).

Most individuals with a highest degree in S&E but working in non-S&E occupations still see S&E technical expertise as
relevant to their jobs. Most indicate that their jobs are either closely (35%) or somewhat (35%) related to their highest degree
field (B Table 3-5). A distinctive feature of the U.S. workforce is the multiple pathways that S&E workers take from degree to
profession. The National Science Board reports that “[S&E] knowledge and skills enable multiple, dynamic pathways to [S&E]
and non-[S&E] occupations alike.” (NSB 2015) For example, among S&E degree holders in non-S&E management and
management-related occupations, about three-quarters indicate that their jobs are either closely (31%) or somewhat (43%)
related to their S&E degree. Among those in social services and related occupations, these numbers are higher (91%); among
those in sales and marketing, these numbers are lower (51%).
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TABLE 3-5 EH

Relationship of highest degree to job among S&E highest degree holders not in S&E occupations,
by degree level: 2015

(Percent)
Degree related to job (%)
Highest degree
Closely Somewhat Not
All degree levels 34.6 35.0 304
Bachelor’s 29.9 36.3 33.7
Master’s 50.2 30.2 19.7
Doctorate 47.4 36.3 16.4
Note(s)

All degree levels includes professional degrees not broken out separately. Detail may not add to total because of rounding.

Source(s)
National Science Foundation, National Center for Science and Engineering Statistics, National Survey of College Graduates (NSCG)
(2015), https://www.nsf.gov/statistics/srvygrads/, and the Survey of Doctorate Recipients (SDR) (2015), https://www.nsf.gov/statistics/

srvydoctoratework/.

Science and Engineering Indicators 2018

Unlike individuals with an S&E highest degree, at least half of those whose highest degrees are either in S&E-related or
non-S&E fields are employed in their corresponding broad occupational categories (li Figure 3-6). For those with an S&E-
related highest degree, the largest category of jobs is health occupations (3.7 million); for those with a non-S&E highest
degree, the largest category of jobs is non-S&E management and management-related occupations (1.0 million) (Appendix
Table 3-3). Significant numbers of individuals with a non-S&E highest degree work in computer and information sciences
(731,000), health-related occupations (532,000), and precollege teaching in S&E areas (526,000) or as lawyers or judges
(594,000).

The pattern of a large proportion of individuals with a highest degree in S&E being employed in areas other than S&E
occupations has been robust over time. Data from 1993 indicate that 36% of all scientists and engineers with S&E highest
degrees were employed in S&E occupations, and the rest held positions in areas other than S&E. The comparable proportion
in 2015 was also 36% (liFigure 3-6).
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FIGURE 3-6 lll

Occupational distribution of scientists and engineers, by broad field of highest degree: 2015
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Source(s)
National Science Foundation, National Center for Science and Engineering Statistics, National Survey of College Graduates (NSCG)

(2015), https://www.nsf.gov/statistics/srvygrads/.
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The proportion of S&E highest degree holders who go on to work in S&E occupations varies substantially by S&E degree
fields and level of degree. Overall, this proportion is heavily influenced by individuals with social sciences degrees, who are the
least likely to work in S&E occupations (13%); these individuals work primarily in non-S&E occupations (79%) (li Figure 3-7) such
as non-S&E management and management-related occupations, sales and marketing, and social services and related
occupations including clergy, counselors, and social workers. In contrast, at least half of individuals with a highest degree in
computer and mathematical sciences (58%), physical sciences (49%), or engineering (58%) reported working in S&E
occupations. This general pattern between study field of degrees and occupations is similar at the bachelor’'s and master’s
degree levels but not at the doctoral level (liFigure 3-8), where S&E doctorate holders most often work in an S&E occupation

similar to their doctoral field.
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FIGURE 3-7 ol

Occupational distribution of S&E highest degree holders, by field of highest degree: 2015
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who report an S&E occupation other than computer and mathematical sciences occupations.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, National Survey of College Graduates (NSCG)
(2015), https://www.nsf.gov/statistics/srvygrads/.
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FIGURE 3-8 lll

S&E degree holders working in S&E occupations, by level and field of S&E highest degree: 2015
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Whereas liFigure 3-8 shows the proportion of S&E degree holders employed in S&E occupations, iliFigure 3-9 shows what
proportions of S&E degree holders reported that their work is related (closely or somewhat) to their S&E degree. Workers with
more advanced S&E training were more likely than those with only bachelor’s degrees to work in a job related to their degree
field. Regardless of degree level, most degree holders in life sciences (76%), physical sciences (79%), computer and
mathematical sciences (89%), and engineering (90%) considered their jobs to be related to their degree field. The
corresponding percentage of social scientists was 68%.

The pattern of a stronger relationship between S&E jobs and S&E degrees among master’s degree or doctorate holders
compared with bachelor's degree holders is robust across career stages, as seen in comparisons among groups of bachelor’s,
master’s, and doctoral degree holders at comparable numbers of years since receiving their degrees (liFigure 3-9). However,
at each degree level, the percentage of S&E degree holders employed in jobs related to their field of highest degree declines
as the number of years since degree increases. This suggests that the relationship between job and field of highest degree
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becomes weaker over time, particularly toward the later career stages. Possible reasons for this decline include changes in
career interests, development of skills in different areas, promotion to general management positions, or realization that
some of the original training has become obsolete. Despite these potential factors, the career-cycle decline in the relevance of

an S&E degree appears modest.

FIGURE 3-9 ol

S&E degree holders employed in jobs related to highest degree, by level of and years since
highest degree: 2015
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Data include those who reported that their job is either closely or somewhat related to the field of their highest degree.

Source(s)
National Science Foundation, National Center for Science and Engineering Statistics, National Survey of College Graduates (NSCG)

(2015), https://www.nsf.gov/statistics/srvygrads/.
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[1] The standard definition of the term /abor forceis a subset of the population that includes both those who are employed
and those who are not working but seeking work (unemployed); other individuals are not considered to be in the labor force.
Unless otherwise noted, when data refer only to employed persons, the term workforce is used. For data on unemployment
rates by occupation, calculations assume that unemployed individuals are seeking further employment in their most recent
occupation.
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[21 The SOC system is used by federal statistical agencies to classify workers into occupational categories for the purpose of
collecting, calculating, and disseminating data. The Current Population Survey currently uses the 2010 Census occupational
classification derived from the 2010 Standard Occupational Classification (SOC). The Census classification uses the same basic
structure as the SOC but is generally less detailed. Detailed information on the SOC system is available at https://www.bls.gov/
SOC/.

[3] As expected, this subjective measure—of the use of technical knowledge, skills, or expertise on the job—varies across
occupations. For example, in 2015, among postsecondary teachers of chemistry, almost all those surveyed said that their job
required at least a bachelor’s degree level of knowledge in engineering, computer sciences, mathematics, or natural sciences.
Among postsecondary teachers of business commerce or marketing, 86% said that their job required at least this level of
expertise in other fields such as health, business, or education. Among those with at least one degree at the bachelor’s level or
higher in an S&E or S&E-related field whose occupation is secretary, receptionist, or typist, only about 5% said that their job
required a bachelor’s degree level of knowledge in engineering, computer sciences, mathematics, or natural sciences; about
9% said that their job required at least a bachelor's degree level of knowledge in social sciences; and 12% said that their job
required at least a bachelor’s degree level of expertise in other fields such as health, business, or education.

[4] Estimates of the size of the S&E workforce may vary across the different surveys because of differences in the scope of the
data collection (the NSCG collects data from individuals with at least a bachelor’s degree); because of the type of survey
respondent (the NSCG collects data from individuals, the OES survey collects data from employers, and the ACS collects data
from households); or because of the level of detail collected on an occupation, which aids in classifying a reported occupation
into a standard occupational category. For example, the NSCG estimate of the number of workers in S&E occupations includes
postsecondary teachers of S&E fields; however, postsecondary teachers in ACS are grouped under a single occupation code
regardless of field and are therefore not included in the ACS estimate of the number of workers in S&E occupations.

[5] Among those with doctorates in an S&E field, life sciences and social sciences were the most common fields, followed by
physical sciences, engineering, and computer and mathematical sciences.

(6] The data on S&E employment levels for 1960 and 2015 are calculated using the Census Bureau’s 1960 Decennial Census
and 2015 ACS microdata, respectively, adjusted by the Integrated Public Use Microdata Series (IPUMS) from the University of
Minnesota's Minnesota Population Center (https://www.ipums.org). Occupational classification systems have changed over
time, which limits the comparability of occupational counts over time. For example, computer occupations were not present in
the occupational classification system used in 1960. For more information on the change in occupational classification
systems, see Wyatt and Hecker (2006). S&E employment levels for 1960 and 2015 include workers at all education levels and
do not include S&E postsecondary teachers. Although the 1960 Decennial Census data allow for separate identification of S&E
postsecondary teachers, the 2015 ACS data aggregate all postsecondary teachers into one occupation code and therefore do
not allow for separate identification of S&E postsecondary teachers. For 1960, the inclusion of S&E postsecondary teachers
would increase the number of workers employed in S&E occupations to nearly 1.2 million. See Appendix Table 3-1 for a list of
S&E occupations in the 1960 Decennial Census and 2015 ACS.

[71 Many comparisons using Census Bureau data on occupations are limited to looking at all S&E occupations except
postsecondary teachers because the Census Bureau aggregates all postsecondary teachers into one occupation code. NSF
surveys of scientists and engineers and some BLS surveys collect data on postsecondary teachers by field.


https://www.bls.gov/SOC/
https://www.bls.gov/SOC/
https://www.nsf.gov/cgi-bin/goodbye?https://www.ipums.org
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S&E Workers in the Economy

To understand the economic and scientific contributions of scientists and engineers, it is important to know how they are
distributed across the economy and what kind of work they perform. This section examines the economic sector, size, and
other characteristics of organizations that employ scientists and engineers (defined both by occupation and field of
education). It also describes the distribution of S&E workers within particular sectors. The analysis covers all sectors: private
and public educational institutions; for-profit businesses and nonprofit organizations; and federal, state, and local
governments. It also examines self-employed scientists and engineers and the concentration of S&E workers by industry
sectors and by geography.

The S&E labor force is a national resource that contributes to productivity increases and innovative capacities required to
fuel long-term economic growth and public welfare. The section concludes with examinations of R&D activity and work-related
training as indicators of worker skill level, productivity, and innovative capacity. It distinguishes between analyses based on
S&E degree field and S&E occupation.

Employment Sectors

The business sector is by far the largest employer of the broad S&E workforce (including those with at least an S&E or S&E-
related bachelor’s degree and those working in an S&E or S&E-related occupation regardless of having an S&E degree). In
2015, the business sector—mostly for-profit businesses—employed about 71% of such individuals (B Table 3-6). The
education sector, including private and public institutions, employed another 19%, the bulk in 2-year and precollege
institutions. The government sector—federal, state, and local—employed another 11%. This distribution pattern has been
quite stable for decades, except for a small rise in the nonprofit segment and a small decline in government (Appendix Table
3-4).

Some differences exist in the concentration of particular groups of S&E workers across employment sectors. For example,
academic institutions are the largest employer of scientists and engineers with doctorates, although the business sector is the
largest employer of scientists and engineers overall. Whereas individuals employed in engineering occupations and computer
and mathematical sciences occupations are largely concentrated in the business sector, those employed as life scientists,
physical scientists, and social scientists are more evenly distributed between the business sector and education and
government sectors together. The following discussion provides a deeper analysis of the economic sectors in which scientists
and engineers work.



National Science Board | Science & Engineering Indicators 2018 3139

| CHAPTER3 | Science and Engineering Labor Force

TABLE 3-6 EH

Employment sector of scientists and engineers, by broad occupational category and degree field:
2015

(Percent)
All employed scientists | Highest degree S&E S&E-related Non-S&E
Employment sector . . . . ;
and engineers in S&E occupations occupations occupations
Total (number) 25,306,000 13,497,000 6,407,000 7,867,000 11,031,000
Business or industry 70.7 72.3 71.5 69.9 70.8
For-profit businesses 53.7 58.9 63.6 47.7 52.4
Nonprofit organizations 10.8 7.3 4.7 17.9 9.3
Self-employed,
unincorporated 6.2 6.1 3.2 4.3 9.3
businesses
Education 18.5 15.8 17.2 21.8 16.9
4-year institutions 7.8 8.8 14.2 6.2 5.3
2-year and precollege
Y P 8 10.7 7.1 3.0 15.6 11.6
institutions
Government 10.8 11.9 1.3 8.4 12.2
Federal 4.6 5.3 5.8 3.7 4.5
State or local 6.2 6.5 5.5 4.7 7.7
Note(s)

Scientists and engineers include those with one or more S&E or S&E-related degrees at the bachelor's level or higher or those who have
only a non-S&E degree at the bachelor's level or higher and are employed in an S&E or S&E-related occupation. Detail may not add to

total because of rounding.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, National Survey of College Graduates (NSCG)
(2015), https://www.nsf.gov/statistics/srvygrads/.
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Education Sector

The education sector employs nearly one-fifth of the S&E workforce but is segmented by level of S&E education (E Table
3-6;liFigure 3-10; Appendix Table 3-5). The vast majority of S&E doctorate holders in this sector work in 4-year institutions as

faculty, postdoctorates (postdocs), research staff, and a variety of other full- and part-time positions. The majority of
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bachelor’s level scientists and engineers work in 2-year and precollege institutions. (See Chapter 5 for additional detail on

academic employment of science, engineering, and health [SEH] doctorate holders.)

The subsectoral employment distribution also differs for those in S&E occupations. Larger proportions of life, physical, and

social scientists work in the education sector, compared with engineers or computer and mathematical scientists (li Figure

3-11). Within the education sector, the vast majority (82%) of those in S&E occupations are concentrated in 4-year institutions.

In contrast, the great majority of workers in S&E-related or non-S&E occupations in the education sector are found in 2-year

and precollege institutions (71% and 69%, respectively), and the bulk of them are employed as teachers.

FIGURE 3-10 i

S&E highest degree holders, by degree level and employment sector: 2015
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Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, National Survey of College Graduates (NSCG)
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FIGURE 3-11 i

Broad S&E occupational categories, by employment sector: 2015
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Science and Engineering Indicators 2018

Business Sector

Engineers

3|14

For-profit businesses. For-profit businesses employ the largest proportion of scientists and engineers (E Table 3-6). At the

doctorate level, however, the proportions employed by for-profit businesses (36%) and 4-year educational institutions (40%)

are similar (i Figure 3-10; Appendix Table 3-5; also, see sidebar Patterns of Mobility of New S&E PhDs into the

Business

Sector). Employment also varies by occupational categories. The majority of those working in computer and mathematical
sciences occupations (74%) and in engineering occupations (77%) are employed by for-profit businesses, but the proportions
are much lower for those in other S&E occupations, ranging from 16% for social scientists to 40% for physical scientists

(i Figure 3-11).

Nonprofit organizations. Employment of scientists and engineers in nonprofit businesses has grown (Appendix Table 3-4),

with particularly strong growth among S&E-related occupations, which include health-related jobs. Continuing the trend seen
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in the broader economy, the number of health-related jobs in nonprofit organizations has risen dramatically from 97,000 in
1993 to 1.2 million in 2015. As a result, the total share of all health-related occupations in nonprofit organizations has risen
from 13% in 1993 to 25% in 2015. Nearly half (47%) of such workers are employed as registered nurses, dieticians, therapists,
physician assistants, and nurse practitioners.

Among those in S&E occupations, the proportion employed by nonprofit organizations is much smaller (5%) (B8 Table 3-6),
with substantial variation among different fields, ranging from 2% of engineers to 10% of social scientists and 7% of life

scientists @l Figure 3-11).

Self-employment. In 2015, almost 4.3 million scientists and engineers (17%) reported being self-employed in either an
unincorporated or incorporated business, professional practice, or farm (F8 Table 3-7).[1] Those working in S&E-related or non-
S&E occupations reported higher levels of self-employment (15% and 22%, respectively) than those working in S&E
occupations (11%). Among those with a highest degree in S&E, individuals with professional degrees reported substantially
higher rates of self-employment (35%) than those with a bachelor’s degree (17%), master's degree (12%), or doctorate (12%) as
their highest degree.

Incorporated businesses account for at least half of self-employed scientists and engineers in most fields (B Table 3-7).
However, most of those in social science occupations worked in unincorporated businesses, which was largely driven by
psychologists. In 2015, among the 213,000 employed psychologists, 28% were self-employed, mostly in unincorporated
businesses. In addition, 39% of professional degree holders in a field of psychology were self-employed, also with most
employed in unincorporated businesses.
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TABLE 3-7 R

Self-employed scientists and engineers, by education, occupation, and type of business: 2015

(Percent)
Characteristic Total Unincorporated business Incorporated business
All employed scientists and engineers 16.8 6.2 10.7
Highest degree in S&E field 16.6 6.1 10.4
Biological, agricultural, and environmental life sciences 16.4 6.7 9.7
Computer and mathematical sciences 133 3.6 9.6
Physical sciences 1.2 4.3 6.7
Social sciences 19.0 8.6 10.4
Engineering 16.6 4.2 12.4

S&E highest degree level

Bachelor's 17.0 6.3 10.7
Master's 123 4.3 8.1
Doctorate 11.6 5.1 6.4
Professional 34.5 12.5 22.0
Occupation
S&E occupation 10.6 3.2 7.5
Biological, agricultural, and environmental life scientists 5.1 2.1 3.0
Computer and mathematical scientists 1.4 2.9 8.5
Physical scientists 6.0 2.1 3.9
Social scientists 14.0 9.8 4.0
Engineers 1.1 2.0 9.0
S&E-related occupations 15.1 4.3 10.8
Non-S&E occupations 21.6 9.3 124
Note(s)

Scientists and engineers include those with one or more S&E or S&E-related degrees at the bachelor’s level or higher or those who have
only a non-S&E degree at the bachelor’s level or higher and are employed in an S&E or S&E-related occupation. Detail may not add to

total because of rounding.
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Source(s)
National Science Foundation, National Center for Science and Engineering Statistics, National Survey of College Graduates (NSCG)
(2015), https://www.nsf.gov/statistics/srvygrads/.
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Government Sector

Federal government. According to data from the U.S. Office of Personnel Management (OPM), the federal government
employed approximately 329,000 people in S&E occupations in 2016, which represents about 16% of the federal civilian

workforce.[2][3] Federal workers in S&E occupations are almost evenly distributed among computer and mathematical
sciences occupations (33%); engineering occupations (31%); and life sciences, physical sciences, and social sciences
occupations (36%). The majority (81%) of the federal workers in S&E occupations have a bachelor’s or higher level degree.

The five federal agencies with the largest proportions of their workforce in S&E jobs are those with strong scientific
missions: the National Aeronautics and Space Administration (66%), the Nuclear Regulatory Commission (63%), the
Environmental Protection Agency (61%), NSF (41%), and the Department of Energy (33%). The Department of Defense has the
largest number of workers in S&E occupations (154,000), accounting for 47% of the federal workforce in S&E occupations.[4!

State and local government. In 2015, about 1.6 million scientists and engineers (6%) were working in state and local
governments in the United States (B Table 3-6). Public educational institutions are included in the education sector and
excluded here. State and local governments employ about 7% of both S&E bachelor’s degree holders and S&E master’s degree
holders, compared to only 2% of S&E doctorate holders (liFigure 3-10). Among those employed in S&E occupations, larger
proportions of life scientists, physical scientists, and social scientists work in state and local governments, compared with

computer and math scientists (liFigure 3-11).
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SIDEBAR B

Patterns of Mobility of New S&E PhDs into the Business Sector

About half of the 500,000 new S&E doctorate recipients during the 2001-15 period reported postgraduation plans for
employment, and of those, a quarter were going into the business sector. Data from the Survey of Earned Doctorates
(SED) can track the geographic mobility of newly minted S&E PhDs from training to industry employment, which not only
informs the understanding of geographic patterns of R&D activity but is also an important indicator of local knowledge
spillovers from academia to the business sector (Stephan 2007). Firms hire new S&E PhDs for their ability to contribute to
R&D and other innovative activities within the organization. Where they are placed is an important indicator of regional
innovative capacity. In addition, the resulting knowledge flows from academia to industry via employment of new S&E
doctorate holders are related to the innovative capacity of a region. Following Stephan (2007), SED data from 2001-15
were examined to analyze the geographic mobility of new PhDs with postgraduation plans for business-sector

employment in the United States.

From 2001 to 2015, nearly 57,000 new doctorate recipients in S&E fields had postgraduation plans for non-postdoc
employment in industry in the United States (B Table 3-B). The rate at which these newly graduated students entered
into business-sector employment in the region in which they trained is an indicator of local knowledge spillover effects
from academia to the business sector. These rates vary substantially by region, ranging from a high of 77% remaining in
the Pacific and Insular region, which includes the Pacific states and Puerto Rico and outlying territories (see EiTable 3-C
for a list of states and territories included in each region), to nearly one-third (32%) in the East South Central United
States. States vary considerably in terms of economic and employment opportunities. The Pacific and Insular region
attracted the most S&E PhDs overall for business-sector employment (17,332), regardless of where training occurred,
followed by the Middle Atlantic region (9,601). In comparison, the East South Central region attracted the lowest number
of S&E PhDs to work in industry (951) during this time period.
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TABLE 3-B R

3146

Doctorate recipients in S&E fields with postgraduation plans for non-postdoc employment in
the United States in the business or industry sector, by region of doctoral institution and

region of employment: 2001-15 combined
(Number and percent distribution)

Region of
employment

All

employment?

New

England

Middle
Atlantic

East North

Central

West North

Central

South
Atlantic

East South

Central

West South

Central
Mountain

Pacific and

Insular

All

employmentb

New

England

4,566

2,212

786

176

59

262

162

75

786

100.0

Middle

Atlantic

9,106

722

4,700

411

112

640

45

329

202

1,900

100.0

East
North
Central

10,212

545

1,256

3,867

386

675

89

574

285

2,491

100.0

West
North
Central

3,756

176

368

454

1,342

287

54

248

143

666

100.0

Region of doctoral institution

South
Atlantic

Number

9,325

495

1,084

566

180

4,149

116

595

253

1,839

100.0

East
South
Central

1,652

71

150

190

60

229

525

136

53

233

100.0

West
South
Central

5,110

150

297

244

109

268

62

2,910

142

906

100.0

Mountain

2,979

98

178

96

58

125

19

249

1,438

706

Percent distribution of region of doctoral institution across regions of employment

100.0

Pacific
and
Insular

10,119

293

782

245

97

311

22

311

225

7,805

100.0

All doctoral

institutions

56,825

4,762

9,601

6,249

2,403

6,946

951

5514

2,816

17,332

100.0
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Region of
employment

New

England

Middle
Atlantic

East North

Central

West North

Central

South
Atlantic

East South

Central

West South

Central
Mountain

Pacific and

Insular

New
England

48.4

17.2

3.9

5.7

0.4

35

17.2

Middle
Atlantic

7.9

51.6

4.5

7.0

0.5

3.6

2.2

20.9

East
North
Central

53

123

37.9

3.8

6.6

0.9

5.6

2.8

24.4

Region of doctoral institution

West

North SOUt‘h
e Atlantic
4.7 53
9.8 11.6
12.1 6.1
35.7 1.9
7.6 44.5
1.4 1.2
6.6 6.4
3.8 2.7
17.7 19.7

East
South
Central

4.3

9.1

3.6

13.9

31.8

8.2

3.2

14.1

West
South
Central

2.9

5.8

4.8

2.1

5.2

56.9

2.8

17.7

@ Total employment counts include doctorate recipients reporting unknown U.S. location.

Mountain

33

6.0

3.2

1.9

4.2

0.6

8.4

48.3

237

Pacific
and
Insular

2.9

7.7

2.4

1.0

3.1

0.2

3.1

2.2

771

3|47

All doctoral
institutions

8.4

16.9

4.2

12.2

1.7

9.7

5.0

30.5

b Employment percentages do not sum to 100% because total counts include doctorate recipients reporting unknown U.S.

location.

Note(s)

Numbers are based on doctorate recipients reporting definite commitments for non-postdoc employment in the year after

doctoral degree award. S&E fields include life sciences, physical and earth sciences, mathematics and computer sciences,

psychology and social sciences, and engineering. Business or industry sector includes self-employment and excludes not-for-

profit organizations.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2017), Survey of Earned
Doctorates (SED) (2015).
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TABLE 3-C FR

Region and state of doctoral institution and employment of doctorate recipients in S&E
fields with postgraduation plans for non-postdoc employment in the United States in the

business or industry sector: 2001-15 combined
(Number)

. PhDs trained in New PhDs working | Number of new PhDs produced | Percent of new PhDs produced
Region and state

state or region in state or region that stay in state or region that stay in state or region

New England 4,566 4,762 2,212 48.4
Connecticut 669 859 171 25.6
Maine 40 57 16 40.0
Massachusetts 3,379 3,401 1,556 46.0
New Hampshire 159 195 32 20.1
Rhode Island 279 126 56 20.1
Vermont 40 124 19 47.5
Middle Atlantic 9,106 9,601 4,700 51.6
New Jersey 1,561 2,700 690 44.2
New York 4,273 4,741 1,744 40.8
Pennsylvania 3,272 2,160 879 26.9
East North Central 10,212 6,249 3,867 37.9
lllinois 3,291 2,149 929 28.2
Indiana 1,641 780 225 13.7
Michigan 2,100 1,502 701 334
Ohio 1,913 1,165 613 32.0
Wisconsin 1,267 653 290 22.9
West North Central 3,756 2,403 1,342 35.7
lowa 761 274 142 18.7
Kansas 451 253 128 28.4
Minnesota 1,311 1,124 467 35.6

Missouri 820 527 236 28.8
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. PhDs trained in New PhDs working | Number of new PhDs produced | Percent of new PhDs produced
Region and state

state or region in state or region that stay in state or region that stay in state or region
Nebraska 242 134 77 31.8
North Dakota 109 55 32 294
South Dakota 62 36 18 29.0
South Atlantic 9,325 6,946 4,149 445
Delaware 395 320 61 15.4

District of
369 521 61 16.5

Columbia
Florida 1,717 1,062 647 37.7
Georgia 1,772 806 427 24.1
Maryland 1,258 1,175 402 32.0
North Carolina 1,699 1,236 627 36.9
South Carolina 445 317 125 28.1
Virginia 1,505 1,415 526 35.0
West Virginia 165 94 39 23.6
East South Central 1,652 951 525 31.8
Alabama 483 292 143 29.6
Kentucky 340 179 91 26.8
Mississippi 233 87 45 19.3
Tennessee 596 393 178 29.9
West South Central 5,110 5514 2,910 56.9
Arkansas 144 128 65 45.1
Louisiana 414 250 110 26.6
Oklahoma 379 261 108 28.5
Texas 4,173 4,875 2,348 56.3
Mountain 2,979 2,816 1,438 48.3

Arizona 961 1,010 360 37.5
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. PhDs trained in New PhDs working | Number of new PhDs produced | Percent of new PhDs produced
Region and state

state or region in state or region that stay in state or region that stay in state or region

Colorado 918 891 473 51.5
Idaho 99 205 44 44.4
Montana 59 36 20 33.9
Nevada 139 114 68 48.9
New Mexico 189 213 74 39.2
Utah 549 310 206 37.5
Wyoming 65 37 20 30.8

Pacific and Insular 10,119 17,332 7,805 77.1
Alaska 18 39 7 38.9
California 8,690 13,150 6,180 71.1
Hawaii 71 86 42 59.2
Oregon 416 2,088 207 49.8
Washington 847 1,878 401 47.3
Puerto Rico and
outlying 77 91 66 85.7
territories

Note(s)

Numbers and percentages are based on doctorate recipients reporting definite commitments for non-postdoc employment in
the year after doctoral degree award, with response to location of employment. S&E fields include life sciences, physical and
earth sciences, mathematics and computer sciences, psychology and social sciences, and engineering. Business or industry sector

includes self-employment and excludes not-for-profit organizations.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2017), Survey of Earned
Doctorates (SED) (2015).
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As S&E doctorate recipients become increasingly geographically concentrated by region of planned employment in the
business sector, the share of where they are trained by region has remained fairly stable since 2001. EiTable 3-D and

FHTable 3-E show the number and share of new S&E doctorate holders with postgraduation plans for employment in



National Science Board | Science & Engineering Indicators 2018 3|51

| CHAPTER3 | Science and Engineering Labor Force

business or industry by region of doctoral institution and by location of employment, respectively, for three 5-year
cohorts. While the Pacific and Insular region accounts for just under 20% of the training of the three graduating cohorts,
between 27% and 34% of these cohorts are planning to work in the business sector in this region. This suggests that this
region increasingly accounts for a larger share of new S&E PhD workers in the business sector, while the share trained
there remains stable over this time period. The Middle Atlantic region has declined in its share of business-sector
employment plans of these new graduates, down from 19% in the first cohort to 15% in the most recent cohort. The
South Atlantic region saw a slight decline in its share of those planning to be employed in the business sector there,
while the West South Central region saw a modest increase.
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TABLE 3-D HH

Doctorate recipients in S&E fields with postgraduation plans for non-postdoc employment in
the United States in the business or industry sector, by region of doctoral institution: 5-year
cohorts, 2001-15

(Number and percent)

Region 2001-05 2006-10 2011-15
Number
All regions 16,328 19,584 20,913
New England 1,298 1,576 1,692
Middle Atlantic 2,673 3,159 3,274
East North Central 3,034 3,449 3,729
West North Central 1,111 1,287 1,358
South Atlantic 2,564 3,191 3,570
East South Central 453 574 625
West South Central 1,395 1,699 2,016
Mountain 850 1,040 1,089
Pacific and Insular 2,950 3,609 3,560
Percent
All regions 100.0 100.0 100.0
New England 7.9 8.0 8.1
Middle Atlantic 16.4 16.1 15.7
East North Central 18.6 17.6 17.8
West North Central 6.8 6.6 6.5
South Atlantic 15.7 16.3 171
East South Central 2.8 2.9 3.0
West South Central 8.5 8.7 9.6
Mountain 5.2 53 5.2

Pacific and Insular 18.1 18.4 17.0
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Note(s)

Numbers and percentages are based on doctorate recipients reporting definite commitments for non-postdoc employment in
the year after doctoral degree award, with response to location of employment. S&E fields include life sciences, physical and
earth sciences, mathematics and computer sciences, psychology and social sciences, and engineering. Business or industry sector

includes self-employment and excludes not-for-profit organizations.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2017), Survey of Earned
Doctorates (SED) (2015).
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TABLE 3-E FH

Doctorate recipients in S&E fields with postgraduation plans for non-postdoc employment in
the United States in the business or industry sector, by region of employment: 5-year
cohorts, 2001-15

(Number and percent)

Region 2001-05 2006-10 2011-15
Number
All regions? 16,328 19,584 20,913
New England 1,438 1,592 1,732
Middle Atlantic 3,132 3,325 3,144
East North Central 1,909 2,099 2,241
West North Central 703 790 910
South Atlantic 2,145 2,428 2,373
East South Central 269 333 349
West South Central 1,417 1,984 2,113
Mountain 858 1,002 956
Pacific and Insular 4,391 5,904 7,037
Percent
All regionsb 100.0 100.0 100.0
New England 8.8 8.1 8.3
Middle Atlantic 19.2 17.0 15.0
East North Central 11.7 10.7 10.7
West North Central 4.3 4.0 4.4
South Atlantic 131 124 1.3
East South Central 1.6 1.7 1.7
West South Central 8.7 10.1 10.1
Mountain 53 5.1 4.6

Pacific and Insular 26.9 30.1 33.6
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@ Totals include doctorate recipients with unknown region of U.S. employment.

b Percentages do not sum to 100% because total counts include doctorate recipients with unknown region of U.S. employment.

Note(s)

Numbers and percentages are based on doctorate recipients reporting definite commitments for non-postdoc employment in
the year after doctoral degree award, with response to location of employment. S&E fields include life sciences, physical and
earth sciences, mathematics and computer sciences, psychology and social sciences, and engineering. Business or industry sector
includes self-employment and excludes not-for-profit organizations.

Source(s)
National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2017), Survey of Earned
Doctorates (SED) (2015).
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The flow of new S&E PhDs with postgraduation plans for business-sector employment outside of the region in which they
trained increased slightly from the turn of the century until 2015 (B Table 3-F). The rate at which these students plan to
remain in their region of training for postgraduation industry employment has declined overall from 53% in the earliest
cohort to 49% in the most recent cohort. The only region that saw an increase in the rate at which new S&E PhDs remain
for business-sector employment was the Pacific and Insular region, where the proportion rose slightly from 76% in both
the 2001-05 and 2006-10 cohorts, respectively, to 79% in the most recent cohort overall. This proportion declined in the
South Atlantic region from 49% in 2001-05 to 41% in 2011-15 and also in the Middle Atlantic region from 56% to 48%.
FiTable 3-C breaks down these proportions by state for the entire period of 2001-15, showing that in the Pacific and
Insular region, California accounts for the largest share of new S&E PhDs trained and employed there. Within this region,
California has one of the highest rates at which those trained in that state also remain there for business-sector
employment.
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TABLE 3-F EH

Doctorate recipients in S&E fields with postgraduation plans for non-postdoc employment in
the United States in the business or industry sector, by region of doctoral institution: 5-year
cohorts, 2001-15

(Number and percent)

Region 2001-05 2006-10 2011-15

Number of new doctorates trained in region

All regions 16,328 19,584 20,913
New England 1,298 1,576 1,692
Middle Atlantic 2,673 3,159 3,274
East North Central 3,034 3,449 3,729
West North Central 1,111 1,287 1,358
South Atlantic 2,564 3,191 3,570
East South Central 453 574 625
West South Central 1,395 1,699 2,016
Mountain 850 1,040 1,089
Pacific and Insular 2,950 3,609 3,560

Number of new doctorates produced that stay in region

All regions? 8,703 9,933 10,340
New England 639 744 829
Middle Atlantic 1,501 1,635 1,564
East North Central 1,246 1,273 1,348
West North Central 416 429 497
South Atlantic 1,246 1,442 1,461
East South Central 160 173 192
West South Central 790 995 1,125
Mountain 449 485 504
Pacific and Insular 2,245 2,743 2,817

Percent of new doctorates produced that stay in region
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Region 2001-05 2006-10 2011-15
All regions 533 50.7 49.4
New England 49.2 47.2 49.0
Middle Atlantic 56.2 51.8 47.8
East North Central 411 36.9 36.1
West North Central 374 333 36.6
South Atlantic 48.6 45.2 40.9
East South Central 353 30.1 30.7
West South Central 56.6 58.6 55.8
Mountain 52.8 46.6 46.3
Pacific and Insular 76.1 76.0 79.1

@ Totals include doctorate recipients with unknown region of U.S. employment.

Note(s)

Numbers and percentages are based on doctorate recipients reporting definite commitments for non-postdoc employment in
the year after doctoral degree award, with response to location of employment. S&E fields include life sciences, physical and

earth sciences, mathematics and computer sciences, psychology and social sciences, and engineering. Business or industry sector

includes self-employment and excludes not-for-profit organizations.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2017), Survey of Earned
Doctorates (SED) (2015).
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Overall, while the geographic distribution of S&E PhDs by educational institution has remained stable among all nine U.S.
regions since 2001, the plans for industry employment of these new graduates has shifted toward the Pacific Coast—
primarily California. The Middle Atlantic and South Atlantic regions seem to be the hardest hit by the shift, having the
largest drops in the percentage of S&E doctorate holders who plan to remain and work in industries located in those
regions after graduation. There is wide variation in the geographic distribution of S&E PhDs by both region of training
and region of employment. Of the nearly 57,000 new S&E PhDs planning to work in the business sector, most are in the
Pacific and Insular region, and the East South Central region has the fewest training and planning to work in industry in
that area.
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Employer Size

The majority of educational institutions and government entities that employ individuals trained in S&E fields or working in
S&E occupations are large employers (i.e., having 100 or more employees). These large organizations employ 87% of scientists
and engineers in the education sector and 92% of those in the government sector. In contrast, scientists and engineers

working in the business sector are more broadly distributed across firms of different sizes (i Figure 3-12).

Many scientists and engineers who are self-employed work in businesses with 10 or fewer employees. In all, 84% of self-
employed individuals in unincorporated businesses and 45% of self-employed individuals in incorporated businesses work in
businesses with 10 or fewer employees. In contrast, only 5% of all other scientists and engineers work in businesses with 10 or
fewer employees. Many of these scientists and engineers likely think of themselves as independent professionals rather than
small-business owners.
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FIGURE3-12 i

Scientists and engineers employed in the business sector, by employer size: 2015
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All scientists and engineers Workers with S&E highest degree Workers in S&E occupations
Scientists and engineers
® Less than 100 employees 100-4,999 employees @® 5,000-24,999 employees
25,000 or more employees
Note(s)

Scientists and engineers include those with one or more S&E or S&E-related degrees at the bachelor's level or higher or those who
have only a non-S&E degree at the bachelor's level or higher and are employed in an S&E or S&E-related occupation. Percentages

may not add to 100% because of rounding.

Source(s)
National Science Foundation, National Center for Science and Engineering Statistics, National Survey of College Graduates (NSCG)
(2015), https://www.nsf.gov/statistics/srvygrads/.
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Industry Employment

The OES survey provides detailed estimates for employment in S&E occupations by type of industry; however, it excludes
self-employed individuals, those employed in private households, and some individuals employed in agriculture. Industries
vary in their proportions of S&E workers (B Table 3-8). In 2016, the industry group with the largest S&E employment was
professional, scientific, and technical services (2.1 million),[>] followed by manufacturing (937,000) (B8 Table 3-8). The
government sector, which includes federal, state, and local governments, employed 652,000 S&E workers; educational
services, including private and public educational institutions, employed another 702,000 S&E workers. These four industry
groups—professional, scientific, and technical services; manufacturing; government; and educational services—had a
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disproportionate concentration of S&E workers and together accounted for about 66% of S&E employment, compared with

31% of total employment.

S&E employment intensity, defined by an industry’'s S&E employment as a proportion of its total employment, was highest
in professional, scientific, and technical services (24%), followed by information (20%) and by management of companies and
enterprises (14%) (B Table 3-8). The broad industry sectors with S&E employment intensity below the national average (4.8%)
together employed 60% of all workers in 2016 but only 14% of workers in S&E occupations. These sectors with S&E
employment intensity below the national average include large employers such as health care and social assistance, retail
trade, and accommodation and food services. The health care and social assistance industry employed a large number of

health workers who fall under NSF's category of S&E-related occupations (i Table 3-2).
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TABLE 3-8 R

Employment in S&E occupations, by major industry: May 2016

(Number)

Industry

U.S. total — all industries
Agriculture, forestry, fishing, and hunting
Mining
Utilities
Construction
Manufacturing
Wholesale trade
Retail trade
Transportation and warehousing
Information
Finance and insurance
Real estate, rental, and leasing
Professional, scientific, and technical services
Management of companies and enterprises

Administrative and support and waste management

and remediation

Educational services

Health care and social assistance
Arts, entertainment, and recreation
Accommodation and food services

Other services (except federal, state, and local

government)

Federal, state, and local government (OES designation)

OES = Occupational Employment Statistics.

Workers employed

All occupations | S&E occupations

140,400,040

416,600

649,130

549,960

6,687,380

12,337,520

5,840,730

15,982,520

5,606,180

2,762,090

5,775,240

2,110,600

8,739,110

2,302,590

9,070,140

12,982,910

19,257,910

2,322,400

13,338,870

4,078,800

9,589,350

6,746,600

1,660

50,140

60,770

66,570

937,150

246,330

50,140

44,880

563,200

355,630

17,180

2,136,370

312,650

266,330

701,850

217,230

12,190

4,390

49,640

652,280

3|61

Industry workforce in S&E occupations (%)

4.8
0.4

7.7

1.0
7.6
4.2
0.3
0.8
20.4
6.2
0.8
24.4

13.6

2.9

5.4
1.1
0.5

0.0

1.2

6.8
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Note(s)

Industries are defined by the North American Industry Classification System (NAICS). The OES survey does not cover employment
among self-employed workers and employment in private households (NAICS 814). In the employment total for agriculture, forestry,
fishing, and hunting, only the following industries are included: logging (NAICS 1133), support activities for crop production (NAICS
1151), and support activities for animal production (NAICS 1152). As a result, the data do not represent total U.S. employment.
Differences between any two industry groups may not be statistically significant. Detail may not add to total because of rounding.

Source(s)
Bureau of Labor Statistics, special tabulations (2017) of May 2016 OES Survey.
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Employment by Metropolitan Area

The availability of a skilled workforce is an important indicator of a region’s population, productivity, and technological
growth (Carlino, Chatterjee, and Hunt 2001; Glaeser and Saiz 2003). The federal government uses standard definitions to
describe geographical regions in the United States for comparative purposes. It designates very large metropolitan areas,
sometimes dividing them into smaller metropolitan divisions that can also be substantial in size (OMB 2009).

This section presents the following indicators of the availability of S&E workers in a metropolitan area: (1) the number of
S&E workers in the metropolitan area or division, and (2) the proportion of the entire metropolitan area workforce in S&E
occupations. Data on the metropolitan areas with the largest proportion of workers in S&E occupations in 2016 appear in
fHTable 3-9. These estimates are affected by the geographic scope of each metropolitan area, which can vary significantly. In
particular, comparisons between areas can be strongly affected by how much territory outside the urban core is included in
the metropolitan area.

S&E employment in the United States is geographically concentrated; that is, a small number of geographic areas account
for a significant proportion of S&E jobs. For example, the 20 metropolitan areas listed in EB Table 3-9 account for 19% of

nationwide employment in S&E jobs, compared to about 9% of employment in all occupations.
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TABLE 3-9 R

3163

Metropolitan areas with largest proportion of workers in S&E occupations: May 2016

Workers employed

(Number)

Metropolitan area Al

occupations
U.S. total 140,400,040
California-Lexington Park, MD 44,000
San Jose-Sunnyvale-Santa Clara, CA 1,045,430
Boulder, CO 176,230
Framingham, MA NECTA Division 174,430
Huntsville, AL 218,260

San Francisco-Redwood City-South San Francisco, CA

1,067,130
Metropolitan Division
Washington-Arlington-Alexandria, DC-VA-MD-WV

2,490,690
Metropolitan Division
Seattle-Bellevue-Everett, WA Metropolitan Division 1,588,590
Durham-Chapel Hill, NC 292,800
Lowell-Billerica-Chelmsford, MA-NH NECTA Division 151,310
Silver Spring-Frederick-Rockville, MD Metropolitan

581,380

Division
Corvallis, OR 32,930
Ann Arbor, Ml 210,990
Trenton, NJ 225,950
Madison, WI 381,890
Raleigh, NC 595,370
Boston-Cambridge-Newton, MA NECTA Division 1,803,030
Ames, IA 43,690
Ithaca, NY 50,590

Austin-Round Rock, TX 965,100

S&E
occupations

6,746,600
8,250
179,820
25,780
22,680

28,250

117,500

267,000

169,210
30,620

15,730

58,830

3,270
19,100
20,180
34,080
52,690

159,430

3,850

4,450

81,190

Metropolitan area workforce in S&E
occupations (%)

4.8
18.8
17.2
14.6
13.0

12.9

10.7

10.7
10.5

10.4

10.1

9.9
9.1
8.9
8.9
8.8
8.8
8.8
8.8

8.4
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NECTA = New England City and Town Area.

Note(s)

The data exclude metropolitan statistical areas where S&E proportions were suppressed. Larger metropolitan areas are broken into
component metropolitan divisions. Differences between any two areas may not be statistically significant.

Source(s)

Bureau of Labor Statistics, Occupational Employment Statistics (OES) survey (May 2016).
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Scientists and Engineers and Innovation-Related Activities

Who Performs R&D?

R&D creates new types of goods and services that can contribute to economic and productivity growth and enhance living
standards. Thus, the status of the nation’s R&D workforce is a policy area of concern nationally, regionally, and, increasingly,
locally. This section uses NSF's NSCG data to examine the R&D activity of scientists and engineers. In this section, the R&D
workforce is defined as the proportion of workers who reported basic research, applied research, design, or development as a
primary or secondary work activity in their principal job (i.e., activities that rank first or second in total work hours from a list
of 14 activities).[6]

Overall, 28% of employed scientists and engineers in 2015 reported R&D as a primary or secondary work activity; the
proportions who did so vary substantially across occupations and degrees (liFigure 3-13). The majority of individuals in S&E
occupations (55%) reported performing R&D, but so did a considerable proportion of those in S&E-related occupations (21%)
and non-S&E occupations (16%). This indicates that, although R&D activity spans a broad range of occupations, it is
concentrated in S&E occupations. Among those with a non-S&E highest degree but working in an S&E occupation, a sizeable
proportion reported R&D activity (45%), although this proportion is lower than for their colleagues with a highest degree in an
S&E field (58%). A sizeable proportion of those with S&E degrees do not perform R&D—among them, many S&E degree
holders subsequently earn degrees in fields such as medicine, law, or business. In 2015, the majority of S&E bachelor’s degree
holders who subsequently obtained an advanced degree (60%) earned it in an S&E-related field (18%) or non-S&E field (42%).
Additionally, among S&E bachelor’s degree holders who reported a second major for their bachelor’s degree, about 59%
designated an S&E-related field (4%) or non-S&E field (55%) as their second major.
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FIGURE 3-13 dli

Employed scientists and engineers with R&D activity, by broad field of highest degree and
broad occupational category: 2015

All degrees
S&E degrees

S&E-related degrees

Broad field of highest degree

Non-S&E degrees

o
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Percent

@® S&E occupations S&E-related occupations @® Non-S&E occupations

Note(s)

Scientists and engineers include those with one or more S&E or S&E-related degrees at the bachelor's level or higher or those who
have only a non-S&E degree at the bachelor's level or higher and are employed in an S&E or S&E-related occupation. R&D activity
refers to the share of workers reporting basic research, applied research, design, or development as a primary or secondary work

activity in their principal job—activities ranking first or second in work hours.

Source(s)
National Science Foundation, National Center for Science and Engineering Statistics, National Survey of College Graduates (NSCG)

(2015), https://www.nsf.gov/statistics/srvygrads/.
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Most individuals in the S&E workforce who reported performing R&D have a bachelor’s (52%) or master’s (33%) degree as
their highest degree; those with doctorates account for 12% of researchers but only 5% of the S&E workforce. In most
occupations, those with doctorates indicated higher rates of R&D activity than those with a bachelor’s or master’s degree as
their highest degree (Z Table 3-10).[7] Overall, among those employed in S&E occupations, about three-quarters of life and
physical scientists reported R&D activity, whereas approximately half of social scientists (51%) and computer and
mathematical scientists (45%) reported R&D activity (B8 Table 3-10).
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TABLE 3-10 FH

R&D activity rate of scientists and engineers employed in S&E occupations, by broad
occupational category and level of highest degree: 2015

(Percent)
Highest degree Biological, agricultural, and | Computer and mathematical Physical Social .
level environmental life scientists scientists scientists scientists Engineers
All degree levels 74.5 451 73.1 50.9 65.2
Bachelor's 65.1 44.7 64.3 53.3 63.3
Master's 76.3 43.2 70.6 51.0 65.0
Doctorate 83.1 71.8 84.9 52.7 85.0
Note(s)

R&D activity rate is the proportion of workers who report that basic research, applied research, design, or development is a primary or
secondary work activity in their principal job—activities ranking first or second in work hours. Scientists and engineers include those
with one or more S&E or S&E-related degrees at the bachelor's level or higher or those who have only a non-S&E degree at the
bachelor's level or higher and are employed in an S&E or S&E-related field in 2015. All degree levels includes professional degrees not

broken out separately.

Source(s)
National Science Foundation, National Center for Science and Engineering Statistics, National Survey of College Graduates (NSCG)
(2015), https://www.nsf.gov/statistics/srvygrads/.
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R&D activity tends to decline in later career stages liFigure 3-14). Among SEH doctorate holders who earned their
doctorate in 2006 or later, 73% reported R&D activity in 2015. Among those receiving degrees between 1986 and 2005, 60%
reported R&D activity in 2015. For those with degrees predating 1986, 56% reported R&D activity in 2015. The decline in R&D
activity over the course of individuals' careers may reflect movement into teaching or management, growth of other career
interests, or possession of scientific knowledge and skills that are no longer in demand. It may also reflect increased
opportunity for more experienced scientists to perform functions involving the interpretation and use of, as opposed to the
creation and development of, scientific knowledge.
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FIGURE 3-14 i

Employed SEH doctorate holders with R&D activity, by years since doctoral degree: 2015
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Note(s)

R&D activity refers to the share of workers reporting basic research, applied research, design, or development as a primary or

secondary work activity in their principal job—activities ranking first or second in work hours.

Source(s)
National Science Foundation, National Center for Science and Engineering Statistics, Survey of Doctorate Recipients (SDR) (2015),

https://www.nsf.gov/statistics/srvydoctoratework/.
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Work-Related Training

In addition to formal education, workers receive work-related training. Such training can contribute to innovation and
productivity growth by enhancing skills, efficiency, and knowledge. In 2015, 52% of scientists and engineers reported
participating in work-related training within the past 12 months of being surveyed (F Table 3-11).[8] Among those who were
employed, workers in S&E-related jobs (e.g., health-related occupations, S&E managers, S&E precollege teachers, and S&E
technicians and technologists) exhibited higher rates of training (71%) than workers in S&E (54%) or non-S&E occupations
(58%). Women participated in work-related training at a higher rate than men (55% versus 49%) (Appendix Table 3-6). This
difference exists regardless of labor force status.
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Among scientists and engineers who participated in such work-related training, most stated that their most important
reason for participation was to improve skills or knowledge in their current occupational field (52%) (Appendix Table 3-7).[9]
Others did so for licensure or certification in their current occupational field (20%) or because it was required or expected by
their employer (19%). Relative to those who were employed or not in the labor force, those who were unemployed more
frequently reported that they engaged in work-related training to facilitate a change to a different occupational field. Those
who were not in the labor force more frequently reported that they engaged in this activity for leisure or personal interest

than those who were in the labor force.
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TABLE 3-11 FH

Scientists and engineers participating in work-related training, by labor force status and
occupation: 2015

(Number and percent)

Labor force status and occupation Number Percent
All scientists and engineers 16,243,000 52.1
Employed 15,431,000 61.0
S&E occupations 3,444,000 53.8
Biological, agricultural, and environmental life scientists 367,000 58.2
Computer and mathematical scientists 1,499,000 475

Physical scientists 175,000 52.9

Social scientists 379,000 66.5
Engineers 1,024,000 59.6
S&E-related occupations 5,585,000 71.0
Non-S&E occupations 6,104,000 58.0
Unemployed 282,000 325
S&E occupations 57,000 31.3
Biological, agricultural, and environmental life scientists 5,000 20.0
Computer and mathematical scientists 29,000 333

Physical and related scientists 3,000 27.9

Social and related scientists 13,000 64.1
Engineers 6,000 16.7
S&E-related occupations 63,000 43.4
Non-S&E occupations 162,000 325

Not in labor force 530,000 10.6

Note(s)
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Scientists and engineers include those with one or more S&E or S&E-related degrees at the bachelor’s level or higher or those who have
only a non-S&E degree at the bachelor’s level or higher and are employed in an S&E or S&E-related occupation in 2015. Unemployed
individuals are those not working but who looked for a job in the preceding 4 weeks. For unemployed, the last job held was used for
classification. Detail may not add to total because of rounding.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, National Survey of College Graduates (NSCG)

(2015), https://www.nsf.gov/statistics/srvygrads/.
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[1] The data on self-employment from NSCG include those who report being self-employed or employed by a business owner
in either an unincorporated or incorporated business, professional practice, or farm. As a result, the data may capture both
self-employed individuals in their own businesses and those whose principal employer is a business owner. This is a major
reason why the NSCG estimate of self-employed workers in S&E occupations is higher than those from other surveys (e.g., the
Census Bureau’s ACS).

[2] The source of the federal S&E employment data is OPM’s Enterprise Human Resources Integration-Statistical Data Mart.
Coverage is limited to federal civilian employees on pay status with certain exclusions. For information on specific exclusions
and inclusions, see the coverage definition on OPM’s Federal Human Resources Data (FedScope) Web page: https://
www.fedscope.opm.gov/datadefn/aehri_sdm.asp#cpdf3.

[31 Employment in the federal government is largely limited to those with U.S. citizenship. Many federal workers with S&E
employment are in occupations that, nationwide, include relatively large concentrations of foreign-born persons, some of
whom are ineligible for many federal jobs because they are not U.S. citizens.

[4] This list does not include the National Institutes of Health, which is a part of the Department of Health and Human Services
(HHS). S&E employment accounted for 19% of total HHS employment in 2016.

[5] The establishments in this sector provide professional, scientific, and technical services to clients in a variety of industries
as well as households. The services provided by S&E workers in this industry sector may include computer services;
engineering and specialized design services; consulting services; research services; advertising services; and other
professional, scientific, and technical services.

[6] The other 10 activities are used to define four additional broad categories of primary or secondary work activities: teaching;
management and administration; computer applications; and professional services, production workers, or other work
activities not specified.

[7] Social scientists were exceptions. In 2015, a larger proportion of social scientists with doctorates reported R&D activity than
social scientists with master’s degrees; however, the difference in R&D activity rates between social scientists with doctorates
and social scientists with bachelor’s degrees was not statistically significant.

(81 Work-related training includes conferences and professional meetings only if the conference or meeting attendance also
includes attending a training session. It does not include college coursework while enrolled in a degree program.


https://www.fedscope.opm.gov/datadefn/aehri_sdm.asp#cpdf3
https://www.fedscope.opm.gov/datadefn/aehri_sdm.asp#cpdf3
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(91 Although NSCG respondents were allowed to provide more than one reason for participating in work-related training, the
data presented in this section are the most important reason for participating in such training.
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S&E Labor Market Conditions

This section assesses the overall health of the labor market for scientists and engineers. Indicators of labor market
participation (such as rates of unemployment and working involuntarily out of one’s degree field) and earnings provide
meaningful information on economic rewards and the overall attractiveness of careers in S&E fields. Many labor market
indicators are lagging indicators, which change some time after other indicators show that the economy has begun to follow a
particular trend. For example, although the most recent recession officially began in December 2007 and ended in June 2009,
unemployment rates continued to rise after the recession had officially ended.[] Rates of unemployment, rates of working
involuntarily out of one’s field of highest degree, and earnings should all be considered in this context.

Unemployment

In general, unemployment rates among scientists and engineers tend to be lower than the rates for the labor force as a
whole. In February 2015 (the reference month for the NSCG), an estimated 3.3% of scientists and engineers were unemployed
(Appendix Table 3-8); the comparable unemployment rate for the entire U.S. labor force was higher, 5.8%.[2] Although the
unemployment rate among scientists and engineers has gradually declined since the Great Recession, the rate in February
2015 continued to exceed the October 2006 (2.5%) pre-recession rate (Appendix Table 3-8). This shows clearly that the nation’s
S&E population, although somewhat sheltered, is not immune from fluctuations in broader economic conditions.

In 2015, unemployment rates varied across occupational categories. Among those in S&E occupations, unemployment
rates ranged from 2.1% (among engineers) to 4.1% (among life scientists); among those in S&E-related and non-S&E
occupations, the rate was 1.8% and 4.3%, respectively (Appendix Table 3-8). Additionally, advance