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About Science and Engineering Indicators

Science and Engineering Indicators (SEI) is first and foremost a volume of record comprising high-quality
quantitative data on the U.S. and international science and engineering enterprise. SEI is factual and policy neutral.
It does not offer policy options, and it does not make policy recommendations. SEI employs a variety of
presentation styles—tables, figures, narrative text, bulleted text, highlights, introductions, conclusions, reference
lists—to make the data accessible to readers with different information needs and different information-processing
preferences.

The data are “indicators.” Indicators are quantitative representations that might reasonably be thought to provide
summary information bearing on the scope, quality, and vitality of the science and engineering enterprise. The
indicators reported in SEI are intended to contribute to an understanding of the current environment and to inform
the development of future policies. SEI does not model the dynamics of the science and engineering enterprise. SEI
is used by readers for a variety of purposes, and they have different views about which indicators are the most
significant for different purposes.

SEI is prepared by the National Science Foundation’s (NSF’s) National Center for Science and Engineering Statistics
(NCSES) under the guidance of the National Science Board (Board). It is subject to extensive review by outside
experts, interested federal agencies, Board members, and NSF internal reviewers for accuracy, coverage, and
balance.

SEI includes detailed information about measurement in order to help readers understand what the reported
measures mean, how the data were collected, and how to use the data appropriately. SEI's data analyses,
however, are relatively accessible. The data can be examined in various ways, and SEI generally emphasizes
neutral, factual description and avoids unconventional or controversial analysis. As a result, SEI almost exclusively
uses simple statistical tools. Readers who are comfortable with humbers and percentages and equipped with a
general conceptual understanding of terms such as “statistical significance” and “margin of error” will readily
understand the statistical material in SEI. A statistical appendix aids readers’ interpretation of the material
presented.

SEI’s Different Parts

SEI includes an overview and seven 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

In addition, SEI includes an online data tool, State Indicators, which provides state-level data on science and
technology (S&T); a digest; and a list of related topics to help users identify cross-cutting topics across the
different chapters.
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The Board authors one or more companion pieces, which draw on the data in SEI 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 Digest is a condensed version of SEI comprising a small selection of
important indicators. It is intended to serve readers with varying levels of expertise. The digest serves two
purposes: (1) to draw attention to important trends and data points from across the chapters of SEI and (2) to
introduce readers to the data resources available in the main report of SEI 2016 and associated products.

The Overview

The overview brings together major patterns and trends that unite data in several of the chapters. The overview
helps readers to synthesize the findings in SEI as a whole and to draw connections among the separately prepared
chapters. 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 Seven Core Chapters

Each chapter consists of contents and lists of sidebars, data tables, and figures; highlights; introduction (chapter
overview and chapter organization); a narrative synthesis of data and related contextual information; conclusion;
notes; glossary; and references.

Highlights. The highlights provide an outline of the major dimensions of a chapter topic. Each highlight starts with
a statement that summarizes a key point made in the chapter. Bulleted points supporting the key point follow.

Introduction. The chapter overview provides a brief explanation of 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. As a descriptive
synthesis, the narrative aims (1) to enable the reader to assimilate a large amount of information by putting it in an
order that facilitates comprehension and retention and (2) to order the material so that major points readily come
to the reader’s attention. As a balanced presentation, the narrative aims to include appropriate caveats and context
to (3) convey what uses of the data may or may not be appropriate and (4) 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.

Data 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 text, or other special topics. Sidebars can also present definitions or highlight
crosscutting themes.
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Appendix Tables. Appendix tables provide 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 tend to avoid
factual syntheses that suggest distinctive or controversial viewpoints.

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

References. SEI includes references to data sources cited in the text, stressing national or internationally
comparable data. SEI 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.

The 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. SEI includes state-level indicators to call
attention to state performance in S&T and to foster consideration of state-level activities in this area.

Indicators are drawn from a range of variables, most of which are part of the subject matter of the seven core
chapters. The text explains the meaning of each indicator and provides important caveats about how to interpret it.
No interpretive narrative synthesizes overall patterns and trends. Approximately three to five bullets highlight
significant findings covering a 10-year span, when available. 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

Beginning in 2016, SEI will be published as a Web-based digital report. The complete content of SEI is
downloadable as a PDF, with data tables, appendix tables, and source data for each figure available in both PDF and
spreadsheet (MS Excel) formats. In addition, figures are also available in a presentation-style format.
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Image Credit

Gemini North with Laser Guide Star. A 180-degree fisheye view of the Gemini North Telescope on Mauna Kea,
Hawaii, as it is lit by moonlight and the red glow of a passing automobile’s taillights shining through the wind-vent
gates. At the top of the seven-story-high telescope structure, the laser guide star (LGS) can be seen extending into
the sky where it creates an artificial star used by an adaptive optics system, to correct for distortions caused by
turbulence in the Earth’s atmosphere.

Fireworks Galaxy. The face-on spiral galaxy NGC 6946 is ablaze with colorful galactic fireworks fueled by the
births and deaths of multitudes of brilliant, massive stars. Astronomers suspect that massive stellar giants have
been ending their lives in supernova explosions throughout NGC 6946 in rapid-fire fashion for tens of millions of
years.

This Gemini image of NGC 6946 utilizes a selective filter specifically designed to detect the radiation emanating
from the starbirth regions. Additional filters help to distinguish other details in the galaxy, including clusters of
massive blue stars, dust lanes, and a yellowish core where older more evolved stars dominate.

The Gemini Observatory consists of twin, eight-meter optical/infrared telescopes located on two of the best sites on
our planet for observing the universe. Together, these telescopes can access the entire sky. The Gemini South
Telescope is located at almost 9,000 feet on a mountain in the Chilean Andes called Cerro Pachon. The Frederick C.
Gillett Gemini North Telescope is located on Hawaii’'s Mauna Kea. It is part of the international community of
observatories that have been built to take advantage of the superb atmospheric conditions on this long dormant
volcano that rises almost 14,000 feet into the dry, stable air of the Pacific.

Gemini was built and is operated by a partnership of seven countries, including the United States, United Kingdom,
Canada, Chile, Australia, Brazil and Argentina. Any astronomer in each partner country can apply for time on
Gemini, which is allocated in accordance with the amount of financial support provided by each country. To learn
more about Gemini, visit the observatory’s website at http://www.gemini.edu/. (Dates of Images: June 2007 and
January 2005.)

Credit: Gemini Observatory
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Letter of Transmittal

National Science Board

January 11, 2016

MEMORANDUM FROM THE CHAIR OF THE NATIONAL SCIENCE BOARD
TO: The President and Congress of the United States
SUBJECT: Science and Engineering Indicators 2016

As Chair of the National Science Board (Board), it is my honor to transmit, on behalf of the Board, Science and
Engineering Indicators (Indicators) 2016. 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. § 1863 (j) (I).

The Indicators series provides a broad base of quantitative information about U.S. science, engineering, and
technology for use by policymakers, researchers, and the general public. Indicators 2016 contains analyses of key
aspects of the scope, quality, and vitality of the nation’s scientific enterprise in the context of global developments
in science and technology.

Beginning with this 2016 edition, Indicators will be published as a web-based digital report, rather than a printed
volume. The Board believes that the report’s new digital format will improve access to and understanding of this
rich statistical resource.

Like the 21 prior print editions, the digital report presents information on science, technology, engineering, and
mathematics education at all levels; the scientific and engineering workforce; U.S. and international research and
development performance; U.S. competitiveness in high technology; and, public attitudes and understanding of
science and engineering. The digital edition of Indicators 2016 also includes an online tool containing state-level
data. This tool enables state comparisons on a variety of science and engineering indicators and allows users to
explore the data in much greater detail than was possible in the print edition. An Overview chapter synthesizes
some of the report’s cross-cutting themes.

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

Dan E. Arvizu
Chair

National Science Board
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Introduction

Social development and different regional growth trends have produced dramatic shifts in the global landscape of
science and engineering (S&E) research, education, and business activities. An increasingly multipolar world for
S&E is emerging after many decades of leadership by the United States, the European Union, and Japan. This
overview presents the changing picture of the world of S&E by highlighting activities in which the developing world
is approaching parity with the developed world, activities in which the developed world maintains preeminence, and
also activities in which smaller nations have emerged as prominent contributors.

The international and domestic S&E trends that Science and Engineering Indicators describes can be understood in
light of the worldwide trend toward more knowledge-intensive economies and 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. Wide access to education as well as to information and communication
technologies (ICT) produces technologically empowered populations. Such economies rely on a skilled workforce
and on sustained investment in research and development to produce knowledge streams that form the core of
knowledge-intensive production in the manufacturing (e.g., spacecraft, pharmaceuticals, computers) and services
(e.g., financial, business, education, health) industries. The goods and services of these industries, many of them
new in this century, have developed markets that did not exist previously; these goods and services help nations
integrate and compete in the global marketplace. International trade, supplier chains, and global infrastructure tie
this global marketplace together.

Rapid growth rates frequently accompany the early stages of economic and technical development, but they slow
as societies mature (Price 1963). 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 allow some of them to approach the capabilities of the developed world.

This overview is not intended to be comprehensive; instead, it highlights information in Science and Engineering
Indicators that offers insights into major global trends. The focus is on broad comparisons in indicators across
countries, economies, and regions that cover S&E training, research outputs, the creation and use of intellectual
property, and the output of knowledge-intensive industries. More detailed findings on particular topics can be found
in the “Highlights” sections that appear at the beginning of chapters 1-7.01

[l The indicators included derive from a variety of national, international, public, and private sources and are not
always strictly comparable in a statistical sense. In addition, the metrics and models relating them to each other
and to economic and social outcomes need further development. Individual data points and findings should be
interpreted with care.
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Science and Technology in the World Economy

Workers with S&E Skills

In the increasingly interconnected world of the 21st century, workers with S&E skills are integral to a nation’s
innovative capacity and economic competitiveness. Governments in many countries have made increased access to
S&E-related postsecondary education a high priority. At the same time, they are faced with increased mobility of
high-skill workers, including those educated or employed in S&E fields, as countries compete to attract the best
talent (OECD 2012:54). Comprehensive and internationally comparable data on the global S&E workforce, while
limited, suggest that work requiring S&E skills is occurring throughout the world, with concentrations in specific

regions.

S&E degrees, important for an innovative knowledge economy, have become relatively more prevalent in some
Asian countries than in the United States: in China, nearly half of all first university degrees (49%) awarded in
2012 were in S&E, compared with 33% in the United States. Globally, the number of first university degrees in S&E
reached about 6.4 million, according to the most recent estimates. Almost half of these degrees were conferred in
China (23%) and India (23%); another 21% were conferred in the European Union (EU; see “Glossary” for member
countries) (12%) and in the United States (9%) (liFigure O-1).
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First university degrees, by selected region/country/economy: 2012
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SOURCES: Organisation for Economic Co-operation and Development, Education Online database, http://www.oecd.org
/education; national statistical offices.
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University degree production in China has grown faster than in major developed nations and regions. Between 2000
and 2012, the number of S&E bachelor’s degrees awarded in China rose more than 300%, significantly faster than
in the United States and in many other European and Asian regions and economies (iliFigure O-2). Additionally,
during the same period, the number of non-S&E degrees conferred in China also rose dramatically (by 1,000%),
suggesting that capacity building in China, as indicated by bachelor’s degree awards, is occurring in both S&E and
non-S&E areas. In fact, the S&E proportion of all first university degrees decreased significantly in China, from 73%
in 2000 to 49% in 2012. In other major economies, this proportion has fluctuated within a relatively narrow range.
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il Figure 0-2

S&E first university degrees, by location: 2000-12

1 500
1,400
1,200
1,000

200

Thousands

(=10]a]

400

200

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2m2
Year

== Linited States == China == France/Germanyttaly/ Spain/United Kingdom
== Japan/South Korea/Taiwan

NA = not available.
NOTE: Data are not available for all locations in all years.

SOURCES: Organisation for Economic Co-operation and Development, Education Online database, http://www.oecd.org
/education; national statistical offices.

Science and Engineering Indicators 2016

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.!'! The United States remains the destination of choice for the largest number of internationally mobile
students worldwide. The number of such students enrolled in the United States rose from 475,000 in 2000 to
784,000 in 2013. Yet, due 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 2013. Other popular
destinations for internationally mobile students are the United Kingdom, Australia, France, and Germany (liFigure
0-3).

(il An additional complexity, as data from the United States show, is that a direct correlation often does not exist
between an individual’s study field of degree and occupation. S&E degree holders report applying their S&E
expertise in a wide variety of occupations, including S&E and non-S&E occupations. This indicates that the
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application of S&E knowledge and skills is widespread across the technologically sophisticated U.S. economy and
not just limited to occupations 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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Internationally mobile students enrolled in tertiary education, by selected region/country/economy:
2013
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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 awards a larger number of S&E doctorates than China (iliFigure 0-4).
However, a substantial proportion of U.S. S&E doctoral degrees are conferred to international students with
temporary visas. In 2013, temporary visa holders, not counting foreign-born students with permanent visas,
earned 37% of S&E doctoral degrees. Temporary visa holders are particularly concentrated in engineering,
computer sciences, and economics; in 2013, temporary residents earned half or more of the doctoral degrees
awarded in these fields. Overall, nearly half of the post-2000 increase in U.S. S&E doctorate production reflects
degrees awarded to temporary visa holders, mainly from Asian countries such as China and India. If past trends
continue, however, a majority of the S&E doctorate recipients with temporary visas—more than 60%—will remain
in the United States for subsequent employment.
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Doctoral degrees in S&E, by selected region/country/economy: 2000-13
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These doctorate recipients add to the most highly trained segment of the international S&E workforce, whose size
cannot readily be estimated using fragmentary data. Comprehensive, internationally comparable data on the
worldwide S&E workforce is very limited, making it difficult to analyze the precise size of this workforce. However,
the Organisation for Economic Co-operation and Development (OECD) provides international estimates on one
particularly salient component of this workforce, researchers, who are defined as “professionals engaged in the
conception or creation of new knowledge, products, processes, methods and systems and also in the management
of the projects concerned” (OECD 2002:93). Although national differences in these estimates may be affected by
survey procedures and interpretations of international statistical standards, they can be used to describe broad
national and international trends of 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. In absolute numbers, these two regions had some of the largest populations of researchers at the
latest count, but China has been catching up (iliFigure 0-5).
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Estimated number of researchers in selected regions/countries/economies: 2000-13
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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 did not correspond to the OECD definition and are therefore not comparable to
China’s data for 2009 onward.) The United States and the EU experienced steady growth at lower rates, with a
29% increase in the United States between 2000 and 2012 and a 55% increase in the EU between 2000 and 2013.
Exceptions to the worldwide trend included Japan (which remained relatively flat) and Russia (which experienced a
decline).

Researchers measured as a share of employed persons is another indicator of national competitiveness in a globally
integrated knowledge economy. Several economies in Asia have shown a sustained increase in that statistic over
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time. Foremost among them is South Korea (iliFigure O-6), but growth is also evident in Singapore, Taiwan, and
China. Although China reported a large number of researchers, these workers represent a much smaller percentage
of China’s workforce (0.19%) than in the United States, EU, South Korea, and Japan (diFigure O-6).



b*-_'f’z National Science Board | Science & Engineering Indicators 2016 0|13

gy A

ill Figure 0-6

Researchers as a share of total employment in selected regions/countries/economies: 2000-13
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R&D Performance

The rising number of researchers and their growing share of the labor force are reflected in strong and widespread
growth in R&D expenditures. The worldwide estimated total of R&D expenditures continues to rise at a significant
pace, doubling over the 10-year period between 2003 and 2013. While the global trends toward more knowledge-
and technology-intensive economies are continuing, countries vary in their R&D intensity, their relative focus on
early versus later stages of R&D, and their dependence on the business sector for R&D funding.

Notwithstanding their overall growth, global R&D expenditures continue to be concentrated in North America,
Europe, and East and Southeast Asia (iliFigure O-7). Among individual countries, the United States is by far the
largest performer in R&D, followed by China, whose R&D spending is nearing that of the EU total (\liFigure O-8).
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Together, the United States and China accounted for almost half of the estimated $1.67 trillion in global R&D in
2013. Japan is third, at 10%, and Germany is fourth, at 6%. South Korea, France, Russia, the United Kingdom, and
India make up the next tier of performers—each accounting for 2%-4% of the global R&D total.
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ill Figure 0-7
Global R&D expenditures, by region: 2013
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NOTES: Foreign currencies are converted to dollars through PPPs. Some country data are estimated. Countries are grouped
according to the regions described by The World Factbook, www.cia.gov/library/publications/the-world-factbook/.

SOURCES: National Science Foundation, National Center for Science and Engineering Statistics estimates, August 2015. Based
on data from the Organisation for Economic Co-operation and Development, Main Science and Technology Indicators (2015
/1); and the United Nations Educational, Scientific and Cultural Organization Institute for Statistics Data Centre, http:/
/www.uis.unesco.org/DataCentre/Pages/BrowseScience.aspx, accessed 23 January 2015.
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Gross domestic expenditures on R&D, by the United States, EU, and selected other countries:
1996-2013
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NOTES: Data are for the top seven R&D-performing countries and the EU. 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
(NSF's) protocol for tallying U.S. total R&D.

SOURCES: NSF, 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 (2015/1); and United
Nations Educational, Scientific and Cultural Organization Institute for Statistics Data Centre, http://www.uis.unesco.org
/DataCentre/Pages/BrowseScience.aspx, accessed 23 January 2015.
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A notable trend over the past decade has been the growth in R&D spending in East and Southeast Asia compared to
the other major R&D performing areas. China continues to display the most vigorous R&D growth (iliFigure O-9),
accounting for about one-third of the global increase in R&D spending over the 2003-13 period. These differences
in growth rates led to substantial share losses for both the United States (from 35% to 27%) and Europe (from
27% to 22%). During the same period, the combined share of the East and Southeast Asian economies—including
China, Japan, Malaysia, Singapore, South Korea, and Taiwan—rose from 25% to 37% of the global total.
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Average annual growth in gross domestic expenditures on R&D for the United States, EU, and
selected other countries: 1998-2013
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NOTES: Data are for the top nine R&D-performing countries and the EU. International data on gross domestic expenditures on
R&D measured in foreign currencies are converted into U.S. dollars using purchasing power parity exchange rates. 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 (NSF's) protocol for tallying
U.S. total R&D.

SOURCES: NSF, 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 (2015/1); and United
Nations Educational, Scientific and Cultural Organization Institute for Statistics Data Centre, http://www.uis.unesco.org
/DataCentre/Pages/BrowseScience.aspx, accessed 23 January 2015.
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The share of total R&D spending relative to the size of the economy is often used as a convenient 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 (one of the five targets for the EU in 2020 [EC 2013]) is to achieve a 3%
R&D-to-GDP ratio. In 2013, the United States had an R&D intensity of 2.7% (liIFigure O-10). Israel and South
Korea are essentially tied for the top spot, with ratios of 4.2% each. Over the past decade, the ratio has fluctuated
within a relatively narrow range in the United States and 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 substantially, nearly doubling in
both countries in the last 10 years (iliFigure O-10).
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The use of this indicator in policymaking has its limitations. Governments have limited control over the size of their
economies and over annual R&D spending, which makes achieving a specific R&D-to-GDP ratio a matter of some
chance, magnified by the fact that businesses tend to be a leading source of R&D funding. In the United States,
businesses funded about 61% of all U.S. R&D in 2013. While the corresponding business sector shares are higher,
around 75%, in China, Japan, and South Korea and about the same or lower in Germany (66%), France (55%),
United Kingdom (47%), and Russia (28%), they complicate achieving a specific R&D-to-GDP target.

The production sectors supported by business R&D also vary across countries. The manufacturing sector accounts
for about 86%-88% of business R&D in Germany, Japan, South Korea, and China—considerably higher than in the
United States (69%), France (50%), and the United Kingdom (40%). In the United States, business R&D is spread
broadly across manufacturing and services categories: computer, electronic, and optical products; pharmaceuticals;
air and spacecraft; information and communication services, including software publishing; and professional,
scientific, and technical services including R&D services.

Countries also vary in their relative focus on basic research, applied research, and (experimental) development.[i]
In 2012, China spent only 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. On the contrary, China spent 84% of its R&D funds, compared to 62% in the United States, on
development—work that is directed toward 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).

[l These terms are defined in the chapter “Glossary.”
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Gross domestic expenditures on R&D as a share of GDP for the United States, EU, and selected other
countries: 1996-2013
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NOTES: Data are for the top seven R&D-performing countries and the EU. 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
(NSF's) protocol for tallying U.S. total R&D.

SOURCES: NSF, 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 (2015/1); and United
Nations Educational, Scientific and Cultural Organization Institute for Statistics Data Centre, http://www.uis.unesco.org
/DataCentre/Pages/BrowseScience.aspx, accessed 23 January 2015.
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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
produce the majority of refereed S&E publications. However, similar to the trends for researchers and R&D
spending, S&E research output in recent years has grown much more rapidly in China and other developing
countries when compared with the output of the United States and other developed countries. China’s global share
of S&E publications tripled from 6% in 2003 to 18% in 2013. As a result, China’s share is now comparable—in
terms of the number of publications—to that of the United States (iliFigure O-11). Research output has also grown
rapidly in other developing countries, particularly Brazil and India.
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S&E articles, by global share of selected region/country/economy: 2003-13
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NOTES: Publication counts are from a selection of journals, books, and conference proceedings in S&E from Scopus.
Publications are classified by their year of publication and are assigned to a region/country/economy on the basis of the
institutional address(es) listed in the article. Articles are credited on a fractional-count basis (i.e., for articles from multiple
countries/economies, each country/economy receives fractional credit on the basis of the proportion of its participating
authors). Some publications have incomplete address information for coauthored publications in the Scopus database and
cannot be fully assigned to a country or economy. These unassigned counts, 1% of the world total in 2013, are used to
calculate this figure but are not shown. See appendix table 5-26.

SOURCES: National Science Foundation, National Center for Science and Engineering Statistics; SRI International;
Science-Metrix; Elsevier, Scopus abstract and citation database (www.scopus.com).
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The subject matter emphasis of scientific research varies somewhat across geographic locations. In 2013, the
United States and the EU produced significant shares of the worldwide biomedical sciences (biological sciences,
medical sciences, and other life sciences) articles, each larger than China’s share. However, China produced a
significant share of the worldwide total of engineering articles, larger than the share of 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 influenced by cultural, geographic,
and language ties as well as perceived impact. All other things being equal, researchers are more likely to cite work
written in their native language. U.S. articles are disproportionately cited by Canadian and United Kingdom authors.
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In comparison, U.S. authors cite Chinese articles less than would be expected based on the overall number of
global citations to Chinese articles. These factors notwithstanding, citations to refereed articles and presentations
are an oft-used indicator of the impact of research output.

U.S. publications receive the largest absolute number of citations; when adjusted for the size of each country’s
research pool, it joins in this measure with Canada, Switzerland, the Nordic countries, and the United Kingdom in
setting the bar in the production of influential research articles. The impact of EU publications is also enhanced by
recent improvement in citations for the relatively new members of the EU: Hungary, Poland, Romania, Slovakia,
and Slovenia.

One measure of the influence of a country’s or 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 size, the percentage is 1%. The U.S.
percentage has held fairly 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 2001 and 2012 (iliFigure O-12). China’s share of this
top 1%, starting from a low base, almost doubled in the same period, from 0.4% to 0.8%.[1]

(] The implications of these differences in top citations should be drawn with care because the data used for the
analysis require that article abstracts are 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.
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Share of U.S., EU, Japan, China, and India S&E articles that are in the world’s top 1% of cited
articles: 2001-12
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NOTES: The figure depicts the share of publications that are in the top 1% of the world’s citations, relative to all the country’s
publications in that period and field. It is computed as follows: Sx = HCPx/Px, where Sx is the share of output from country x
in 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 is the total number of papers from country x in the database that were published in 2012 or
earlier. Citations are presented for the year of publication, showing the counts of subsequent citations from peer-reviewed
literature. At least 3 years of data following 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 country/economy on
the basis of the institutional address(es) listed in the article. See appendix table 5-25 for countries/economies included in the
EU. The world average stands at 1.00% for each period and field.

SOURCES: National Science Foundation, National Center for Science and Engineering Statistics; SRI International;
Science-Metrix; Elsevier, Scopus abstract and citation database (www.scopus.com).
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Collaboration on S&E publications between authors of different countries has been increasing in recent years,
reflecting an increased pool of trained researchers, improvements in communication technologies, and the growing
international mobility of researchers. Other drivers include budget pressures on R&D spending that increase the
incentives for collaboration and sharing resources and also the need to coordinate globally on challenges like
climate change, infectious diseases, and the allocation of scarce natural resources (Wagner, Park, and Leydesdorff
2015).

Indicators of Innovation and Intellectual Property
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S&E research and the scientific and technological knowledge produced thereby are an important, though
incomplete, part of the overall innovation process (Pavitt 2005). This relationship, combined with the role of
innovation as an important contributor to economic growth, drives interest in internationally comparable measures
of innovation. The international standard for innovation measurement defines innovation as “the implementation of
a new or significantly improved product or process, a new marketing method, or new organizational method”
(OECD/Eurostat 2005:46-7). Despite this agreed standard, internationally comparable data on innovation are
limited. Starting in 2008, the National Science Foundation’s Business R&D and Innovation Survey provides data for
the United States on the share of companies that report innovative activities. These data currently allow for

cross-industry comparability within the United States. (i]

When the results of S&E research, innovative activity, or other intangibles are granted legal protection that allows
their owners the right to prevent others from benefitting from their use, these intangibles are considered to be
intellectual property. Patenting confers the rights of property to novel, useful, and nonobvious inventions for a
specified period of time. While academic studies question the strength of the link between patents and innovation,
strengthening of intellectual property regimes has been found to promote foreign investment, which may in turn
provide a pathway for knowledge flows (Boldrin and Levine 2013). 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 a broad partial indicator of invention, an activity that is an important part of the innovation
process.

Existing indicators in this area show dominance in the developed world, with notable growth (albeit from low bases)
in the Asian economies. The United States Patent and Trademark Office (USPTQO) grants patents to inventors
worldwide. These patents are increasingly granted to inventors outside of the United States who are attracted by
the size of the U.S. economy and the protection afforded in the United States to intellectual property. The USPTO
granted nearly 300,000 patents in 2014, of which the largest share was to U.S. inventors (48%), followed by Japan
(18%) and the EU (15%) (iFigure O-13). Although the absolute number of USPTO patents granted to U.S.
inventors increased by 61% between 2003 and 2014, the U.S. share declined by 4 percentage points in this period.
Conversely, the shares of USPTO patents granted to inventors in both developed and developing economies grew.

[l The U.S. data from the Business R&D and Innovation Survey are described in chapter 6. European countries
gather data on innovative activities conducted by firms in their Community Innovation Survey. Differences in
survey methodologies, industry structure, and cultural differences affect the international comparability of such
data. As of fall 2015, U.S. innovation data are not included in the OECD’s cross-country comparisons of innovation
rates. For a further discussion on this topic, see Jankowski (2013).
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USPTO patents granted, by location of inventor: 2003-14
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named inventors. The EU includes 28 member countries. See appendix table 6-34. Developed economies are classified by the
International Monetary Fund (IMF) as advanced. Developing economies are classified by IMF as emerging.

SOURCES: Science-Metrix; LexisNexis; SRI International.
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Nevertheless, the shares of U.S. patents awarded to inventors in China (3%) and India (1%) remain modest. In
recent years, applications to China’s patent office rose much faster than those to 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).

For any national patent office, data on the numbers of patents granted provide no indication of patent quality.
Triadic patents, in which inventors simultaneously seek patent protection in three of the world’s largest
markets—the United States, Europe, and Japan—indicate patents expected to have relatively higher commercial
value. In 2012, the number of these triadic patents was estimated to be about 52,000. The shares of the United
States, the EU, and Japan stayed roughly similar (at around 30% each) during the 2003-12 period. Although South
Korea (6%) and China (4%) increased their respective shares, they receive far fewer triadic patents than the
long-standing global leaders (iiFigure O-14; China is included in the total for the rest of the world).
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Global triadic patent families, by selected region/country/economy: 1999-2012
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The benefits of innovation are shared when technology spreads from inventors to users. Trade in intellectual
property is an indicator of the market-based diffusion of technology and innovation. One measure of intellectual
property trade is the cross-border royalties and fees collected for licensing or franchising proprietary technologies.
(ii] Although research in recent years has suggested that 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. They generally correspond to the countries and economies
holding USPTO and triadic patents. Export income from royalties and fees has exhibited a strongly positive trend
over the last decade (iliIFigure O-15), not only among the major players (the United States, EU, and Japan) but also
in Switzerland, Singapore, and South Korea.

[i] 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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Global exports of royalties and fees, by selected region/country/economy: 2004-13
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Despite the rapid increase in many other S&E indicators in recent years, export income for royalties and licensing
fees in the developing world is still relatively limited, consistent with these countries’ relatively low shares of USPTO
and triadic patents. Export income from royalties and licensing fees in 2013 was less than $0.5 billion in India and
less than $1 billion in China.

Knowledge- and Technology-Intensive Economic Activity

R&D translates not only in articles, patents, and intangibles; with time, its outcomes become a visible part of
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 account for 29% of global economic output. They span both manufacturing (e.g., aircraft and

spacecraft, computer equipment, communications and semiconductors, pharmaceuticals, and scientific instruments)
and services sectors (e.g., education, health, business, financial, and information services) (OECD 2001).
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At 39%, the United States leads the world in the percentage of its GDP that comes from these high-technology (HT)
manufacturing and knowledge-intensive (KI) service industries. Historically concentrated in the developed world,
these industries typically make up a larger percentage of GDP in developed countries than in developing countries (
diFigure O-16 and iFigure O-17). However, differing growth rates by sectors and by countries and economies as
well as globalization of the world economy illustrate how this element of the S&E landscape is shifting globally.
Advances in science and technology (S&T) now enable companies to spread knowledge- and technology-intensive
(KTI) activity to various locations around the globe and to develop strong interconnections among geographically
distant entities. International trade and an interconnected global supply chain link the geographically shifting KTI
components together. A country’s exports of goods and services produced by its KTI industries indicate its ability to
compete in the world market; the supply chain underlying a country’s production reflects the interdependence in
the production process.
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KTI share of GDP, by selected region/country/economy: 1999, 2007, and 2014
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SOURCE: IHS Global Insight, special tabulations (2015) of the World Industry Service database.
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Output of KTI industries as a share of GDP for selected developing economies: 2014
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SOURCE: IHS Global Insight, World Industry Service database (2015).
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In HT manufacturing (globally $1.8 trillion in value-added terms in 2014), the United States retains a slim lead as
the largest global provider (29%) over China (27%), whose global share rose steeply since the turn of the century.
Each country, however, concentrates in somewhat different types of activities. The United States has particular
strength in aircraft and spacecraft and scientific instruments (areas where a considerable amount of U.S. business
R&D resources are focused). Manufacturing of aircraft and spacecraft involves a supply chain of other HT
inputs—navigational instruments, computing machinery, and communications equipment—many of which continue
to be provided by U.S. suppliers.[i:I China—whose output of HT manufacturing rose by a factor of 10 between 2001
and 2014 (MhiFigure O-18)—is the largest producer of ICT goods (communications, computers, and semiconductors),
in which it holds a 39% global share,["] and of pharmaceuticals (28%). In both countries, output growth was only
briefly slowed by the Great Recession and has rebounded in recent years (iliFigure O-18). In the EU and Japan,
however, HT manufacturing output has stagnated or declined over the same time frame.
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[l As of 2012, Boeing reported that U.S. companies supply 75% of its supply chain inputs (http:/
/787updates.newairplane.com/787-Suppliers/World-Class-Supplier-Quality).

[i] The ICT sector includes communications equipment, computers, and semiconductors.
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Value added of HT manufacturing industries for selected regions/countries/economies: 1999-2014
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aircraft and spacecraft, communications, computers, pharmaceuticals, semiconductors, and testing, measuring, and control
instruments. The EU excludes Cyprus, Estonia, Latvia, Lithuania, Luxembourg, Malta, and Slovenia. China includes Hong Kong.
Developed countries classified are those classified as advanced by the International Monetary Fund (IMF). Developing
countries are those classified as emerging by IMF.

SOURCE: IHS Global Insight, World Industry Service database (2015).
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Notwithstanding China’s rapid advances, HT manufacturing in this country 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,
output is largely made up of the production of generic drugs by China-based firms and the establishment of
production facilities controlled by U.S. and EU multinational corporations (MNCs) (Huang 2015). 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. However, China’s rapid investments in R&D (much of
which is focused on manufacturing), education, and scientific publications may unfold a potential path toward
producing more high value-added products, although many social, economic, and political factors in addition to S&E
capabilities will likely affect such a path.
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Globally, exports of HT products totaled $2.4 trillion in 2014. ICT products account for more than half of global HT
exports, with a large share of ICT concentrated in East and Southeast Asia (China, Japan, Malaysia, Philippines,
Singapore, South Korea, Taiwan, and Thailand). China alone accounts for about one-quarter of the global share,
but its activities remain focused on low-value activities—final assembly of advanced inputs and components
imported from other countries and manufacture of low-technology inputs and components. As a result, China’s
exports of certain finished products are likely overstated because existing trade statistics include the total market
value of finished products. The countries that manufacture and supply advanced inputs and components to China,
including the United States, EU, Japan, South Korea, and Taiwan, account for much greater value added than
China. In the years since 2007, the growth of HT exports from the rest of the world (iliFigure O-19), particularly
Brazil, the United Arab Emirates, India, and Australia, has been relatively rapid. Vietham experienced the fastest
rate of HT export growth, expanding from $3 billion in 2007 to $39 billion in 2014. Vietnham 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.
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Exports of HT products, by selected region/country/economy: 2003-14
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pharmaceuticals, and scientific instruments and measuring equipment. China includes Hong Kong. The EU excludes Cyprus,
Estonia, Latvia, Lithuania, Luxembourg, Malta, and Slovenia. Exports of the United States exclude exports to Canada and
Mexico. Exports of the EU exclude intra-EU exports. Exports of China exclude exports between China and Hong Kong. Other
selected Asia consists of Malaysia, Philippines, Singapore, South Korea, Taiwan, and Thailand.

SOURCE: IHS Global Insight, World Trade Service database (2014).
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In addition to HT manufacturing, KTI industries include KI services consisting of commercial services (business,
financial, and communication) and public services (education and health).[i”] The largest commercial KI service is
business services, which includes the technologically advanced industries of computer programming and R&D
services. The large size of business services reflects the widespread practice of businesses and other organizations
to purchase various services rather than provide them in-house, particularly in developed countries.

The global output of commercial KI services (which total $12.8 trillion in value-added terms in 2014) is
concentrated in the developed world, with the United States (33%) and the EU (25%) accounting for more than
half of the global output. Much like HT manufacturing, however, commercial KI services output has stagnated in the
EU following the Great Recession due to member countries’ overall weak economic growth. In the United States,
output rebounded, led by business services and financial services. One source of growth of U.S. business services
has been the infrastructure boom in developing countries, which has resulted in the employment of U.S. firms in
areas including architecture, engineering, and consulting services. China remains relatively weak in commercial KI
services, accounting for 10% of global output, but is making increasingly rapid progress. China’s commercial KI
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services, led by financial and business services, were largely unaffected by the Great Recession (iliIFigure O-20). In
the rest of the developing world, Brazil, India, and Russia accounted for growing shares of global commercial KI
services output. Brazil’s growth was led by financial and information services, and India’s growth was led by

business services, particularly in computer programming.

[ii] public KI services—health and education—are much less market driven than other KTI industries. Additionally,
international comparison of these sectors is complicated by variations in the size and distribution of each country’s
population, market structure, and the 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.
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Value-added output of commercial KI services for selected regions/countries/economies:
1999-2014
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imported materials and inputs. The EU excludes Cyprus, Estonia, Latvia, Lithuania, Luxembourg, Malta, and Slovenia. China
includes Hong Kong. Developed countries are those classified as advanced by the International Monetary Fund (IMF).
Developing countries are those classified as emerging by IMF.

SOURCE: IHS Global Insight, World Industry Service database (2015).
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Globally, exports of commercial KI services totaled $1.5 trillion in 2013. The trade of commercial KI 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 2013, the EU and the United States together
accounted for just under half (48%) of the exports in commercial KI services; China and India each accounted for
7% (hFigure O-21). India, however, represents a considerable share (26%) of global exports in computer and
information services, primarily reflecting IT, accounting, legal, and other services provided to developed countries.
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Commercial KI service exports, by selected region/country/economy: 2004-13
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SOURCE: World Trade Organization, International trade and tariff data, http://www.wto.org/english/res_e/statis_e
/statis_e.htm, accessed 15 February 2015.
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Global S&E Activity to Address Energy and Health Challenges

Globally, many S&E activities are focused on addressing urgent challenges in the domains of health and energy.
These activities are developing knowledge and technologies that aim to cure diseases, generate clean and
affordable energy, and contribute to improved living standards. They are closely linked to scientific R&D, are often
global in scope, and involve developed and developing nations, as different nations bring different perspectives and
approaches to this endeavor. The United States and the EU, for example, have more-focused efforts on research
and knowledge production, whereas China continues to concentrate on later-stage commercial production.

Energy

Global activity aimed at generating alternative and affordable energy includes financing, research, patenting, and
production in the areas of biofuels, solar, wind, energy efficiency, pollution prevention, smart grid, and carbon
sequestration. In response to rising energy demand, volatile costs of fossil fuels, and efforts to reduce emissions of
greenhouse gases, governments around the world have enacted various policy measures, including subsidies and
tax incentives. Governments have also increased funding to spur both public and private efforts to develop effective
and affordable alternative energy sources. Public investment in research, development, and demonstration in
alternative energy and other non-fossil fuel technologies totaled an estimated $12.7 billion in 2013. It is led by the
EU, with $4.4 billion in investment, followed by the United States ($3.5 billion), Japan ($2.6 billion), and Canada
($0.8 billion).

Globally, among the non-fossil fuel technologies, renewable energy was the largest area of public investment,
followed by nuclear energy and energy efficiency. The large role of the public sector in these areas is not surprising,
given that these technology areas require establishment of regulatory and safety frameworks as well as large
investment for testing and demonstration. EU investment has grown due to increases in funds for carbon dioxide
capture and storage, renewables, and energy efficiency. Following the earthquake in northeast Japan in 2011,
Japanese investment in nuclear energy has fallen.

With respect to production, commercial investment in clean and renewable energy totals about $281 billion in 2014.
China attracts 31% of the global commercial investment in clean energy, followed by the EU (17%) and the United
States (15%). Solar and wind are the largest components of renewable energy. In commercial investment for both
solar and wind, China is the leading country. The production components resulting from such commercial
investment support the generation capacity of renewable energy across the globe. China has become the leader in
the production of low-cost photovoltaic modules that convert sunlight into electricity. In the areas of solar and wind
generation capacity, an indicator of potential production of renewable energy, China has grown rapidly. Notably, the
EU has the highest solar generation capacity, whereas China has the highest wind generation capacity (liFigure
0-22).
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Cumulative installation of generation capacity of solar and wind, by energy source and selected
region/country/economy: 2010-14
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SOURCE: Bloomberg New Energy Finance, http://bnef.com/, special tabulations (2014).
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China’s leadership in total commercial investment in clean energy primarily reflects financing of later stages of
development in relatively mature areas of clean energy. By contrast, the United States leads in the small share of
commercial investment (2% of total commercial investment) that reflects venture capital and private equity
investment. These investments primarily focus on emerging and future trends in clean energy technologies. Over
the 2010-14 period, smart energy (e.g., digital energy applications, efficient lighting, electric vehicles, efficient
smart grid) has been the largest technology area in the United States attracting such investment from all over the
world, followed by solar and biofuels.

Patenting in alternative energy and pollution control technologies is also concentrated in the developed world. U.S.
inventors were granted 43% of all USPTO clean energy and pollution control patents in 2014, followed by Japan
(21%), the EU (17%), and South Korea (9%). Between 2003 and 2014, South Korea’s share rose from 2% to 9%
due to strong growth in hybrid and electric vehicles, battery, and fuel cell technology. USPTO patents granted to
China and Taiwan remain low, with each accounting for about 2% of global share in 2014, up from 1% or less in
2003.

Health
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Research in biological and medical sciences and patenting, as well as venture capital and production activity in life
sciences, represents global activity related to health. These activities are also spread broadly across the world with

a similar degree of specialization between research and production. Research publications reflect contributions to
knowledge devoted to health; S&E publications in the United States and the EU are more focused in biological,
medical, and other life sciences than the rest of the world. Almost half (48.7%) of the United States’ publications

are in these areas. Health-related research is an important focus in parts of the developing world as well; India

shares the distinction with the United States of having the highest concentration of publications in biological

sciences.

Patents are an indicator of the translation of research and other inventive activity into potentially useful
innovations. With respect to patenting data from USPTO, the United States and the EU both have
greater-than-average patenting activity in biotechnology and pharmaceuticals (iliFigure 0-23), and the EU has an
additional concentration in biological materials (see Chapter 6 for detailed data).
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USPTO patents granted, by selected technology areas for selected region/country/economy of
inventor: 2012-14
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EU = European Union; ICT = information and communications technologies; USPTO = U.S. Patent and Trademark Office.
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management. Instruments consists of the following categories: analysis of biological materials, control, measurement, medical
technology, and optics.

SOURCES: National Science Foundation, National Center for Science and Engineering Statistics; SRI International;
Science-Metrix; USPTO. See appendix tables 6-34-6-49.
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However, in terms of production activity, China is now the leader in pharmaceutical manufacturing in terms of
quantity of output, and this activity is also growing rapidly in India. The growth in China represents both Chinese
firms and outsourced manufacturing by multinational corporations focused primarily on generics. Pharmaceutical

manufacturing in India is conducted primarily by domestic firms and also includes the production of generic drugs
(Greene 2007).
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Summary and Conclusions

The global S&E landscape has experienced dramatic shifts. Over time, the cumulative effect of different growth
rates in S&E investment and of different areas of S&E concentration across the globe has led to two outcomes: the
“catching up” in particular indicators of S&E activity in parts of the developing world, and the specialized
concentrations of global preeminence for developed nations that historically led the global efforts in S&E. As a
result, a multipolar world for S&E has emerged after many decades of leadership by the developed world. These
developments have taken place in the context of an increasingly interconnected world for S&E activity. Capacity
building around the world in R&D and human capital infrastructure, along with improvements in communications
technology, has facilitated the interconnected nature and greater international collaboration 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, while several northern European countries have emerged as
centers of high-impact public research, as evidenced by shares of highly cited publications. The impact of S&E
research in the relatively new members of the EU has also been growing in recent years, as demonstrated by
increased citations from Hungary, Poland, Romania, Slovakia, and Slovenia.

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-degree and doctoral-degree
levels) spurred growth in S&E publications.

R&D concentration and intellectual property-related activity 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,
South Korea, Taiwan, and Singapore. Commercial S&E activity has a large concentration in parts of East and
Southeast Asia; although Japan has been declining in some measures of S&E activities related to knowledge
creation (such as shares of S&E publications), the country still rates highly in terms of patents granted. South
Korea and Taiwan have experienced rapid growth in patenting and in intellectual property exports.

KTI 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-tech 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 expanding rapidly. 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.

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.

This overview has attempted to provide a dynamic summary of the world of S&T as it currently exists and how it
has developed over the past decade or more. It has identified some trends that keep working in the direction of
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changing some of the major patterns. Because of the inherent lag associated with the collection and dissemination
of high-quality data, the full degree and future direction of such changes become more apparent with the arrival of
newer data. As such, the current state of the world depicted in this overview should not be seen as static but rather
should be interpreted in the context of a dynamic and integrated world, tied together by global infrastructures and

interdependent processes that continue to unfold.
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Glossary

Applied research: The objective of applied research is to gain knowledge or understanding to meet a specific,
recognized need. In industry, applied research includes investigations to discover new scientific knowledge that has
specific commercial objectives with respect to products, processes, or services (OECD 2002).

Basic research: The objective of basic research is to gain more comprehensive knowledge or understanding of the
subject under study without specific applications in mind. Although basic research may not have specific
applications as its goal, it can be directed in fields of present or potential interest. This is often the case with basic
research performed by industry or by mission-driven federal agencies (OECD 2002).

Development: Development is the systematic use of the knowledge or understanding gained from research
directed toward the production of useful materials, devices, systems, or methods, including the design and
development of prototypes and processes (OECD 2002).

European Union (EU): As of September 2015, the EU comprised 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 of these 28 members.

Knowledge- and technology-intensive (KTI) industries: Industries that have a particularly strong link to
science and technology. These industries include high-technology (HT) manufacturing and
knowledge-intensive (KI) service industries. HT manufacturing industries include those that spend a
relatively high proportion of their revenue on R&D, consisting of aerospace, pharmaceuticals, computers and office
machinery, semiconductors and communications equipment, and scientific (medical, precision, and optical)
instruments (see http://www.oecd.org/sti/ind/48350231.pdf, accessed 25 August 2015). KI service industries
include those that incorporate science, engineering, and technology into their services or the delivery of their
services, consisting of business, information, education, financial, and health services. Commercial KI services
are generally privately owned and compete in the marketplace without public support. These services are business,
information, and financial services.
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Infographic: Overview of the Global S&E Landscape

An infographic visually exploring data from the Overview is available at https://www.nsf.gov/nsb/sei/infographicl

/index.html.
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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 and eighth graders improved slightly in 2013, continuing a
pattern of small but consistent increases since 2000.

® The average mathematics score of U.S. fourth graders increased by 14 points from 2000 to 2007, leveled
off between 2007 and 2009, and then rose by 2 points from 2009 to 2013.

® Among U.S. eighth graders, the average mathematics score increased continually from 2000 to 2013,
with a total gain of 12 points over the period.

Overall mathematics scores for twelfth graders improved slightly between 2005 and 2013.
® Between 2005 and 2013, the average mathematics score for students in grade 12 increased by 3 points.

Although the percentage of fourth, eighth, and twelfth grade students achieving a level of proficient
or higher on NAEP mathematics assessments increased between 2000 and 2013, those percentages
stayed well below the 50% mark.

® The percentage of students in grade 4 achieving a level of proficient or higher increased from 24% in
2000 to 42% in 2013.

® The share of grade 8 students at or above the proficient level rose by 10 percentage points to 36% from
2000 to 2013.

® The percentage of all students in grade 12 who were at or above the proficient level in 2013 stood at
26%.

Between-group differences in mathematics NAEP performance based on parent education and race
or ethnicity have persisted over time but narrowed slightly since NAEP testing began in 1978.

® The average score for 9-year-old students in 2012 was 252 for white students, 226 for black students,
and 234 for Hispanic students.

® The average score for 13-year-old students with at least one parent who graduated from high school was
270 in 2012, compared with a score of 296 for students with at least one parent who graduated from
college.

® For 13-year-olds, the gap between black and white students narrowed by 13 points between 1978 and
2012.

Overall, students from disadvantaged backgrounds continue to lag behind their more advantaged
peers, with these disparities starting as early as kindergarten.

® Scores on the Early Childhood Longitudinal Study, Kindergarten Class of 2010-11 (ECLS-K:2011),
mathematics assessment show that students with parents who did not graduate high school scored 21,
compared with 36 for students with at least one parent with a graduate degree.

® Students whose family income was at or below the Federal Poverty Level averaged a score of 24, whereas
students whose family income was at or above 200% of the poverty line had an average score of 33.
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® At the high school level, the percentage of students who were proficient at level-5 mathematics skills
increased by 5 points from grade 9 to grade 11 among students whose parents graduated from high
school, with gains of 7, 16, and 23 points for students whose parents had an associate's, bachelor's, or
advanced degree, respectively.

In the international arena, the Program for International Student Assessment data show that the
U.S. average mathematics and science literacy scores are below the average scores for all developed
countries, and the United States has substantially fewer high scores and more low scores than other
developed countries.

® U.S. students' average mathematics score of 481 in 2012 was lower than the average score for all
developed countries, 501.

® The average science literacy score for U.S. students in 2012 was 497, lower than the average science
score of 511 for all developed countries.

® The United States appreciably underproduces students in the highest levels of mathematics achievement
relative to other developed countries.

® The United States also moderately underproduces students in the highest levels of science achievement
and, to an extent, overproduces students in the lowest levels of mathematics and science achievement.

High School Coursetaking in Mathematics and Science

The majority of high school students are on track to finish algebra 2 and basic science courses by the
end of eleventh grade.

® As of 2012, 69% of current eleventh graders (who were ninth graders in 2009) were enrolled in algebra 2
or a more advanced mathematics course.

® In 2009, 39% of ninth graders enrolled in biology. In 2012, 41% of these students, now in grade 11,
were enrolled in another basic science course, chemistry, or physics.

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

® The number of students who took an AP exam in mathematics or science rose from 273,000 in 2003 to
527,000 in 2013.

® Despite these increases, only 17% of high school graduates took an AP mathematics or science exam,
and 10% passed.

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 and science teachers (91% and
92%, respectively) were fully certified (i.e., held regular or advanced state certification).

® Fully certified mathematics and science teachers were less prevalent in high-minority and high-poverty
schools when compared with schools with more advantaged students. For example, 88% of mathematics
teachers in high-poverty schools were fully certified, compared with 95% of those in low-poverty schools.
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® In 2011, some 85% of public middle and high school mathematics teachers and 90% of science teachers
had more than 3 years of experience.

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

® In 2011, 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.

Working conditions were also not evenly distributed across schools.

® Fully 60% of mathematics teachers at high-poverty schools reported student misbehavior interfering with
teaching, compared with just over one-third in low-poverty schools.

® For example, about 55% of mathematics and science teachers at high-poverty schools reported that
students' tardiness and class cutting interfered with teaching, compared with 37% of teachers at
low-poverty schools.

Instructional Technology and Digital Learning

The use of instructional technology in K—12 classrooms has been growing at a rapid pace, but
teachers report that resources are still not adequate.

® 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 2012, 55% of K-12 teachers reported that there were not enough computers for student use in their
classes.

The number of students participating in online learning is also rising.

® Full-time enrollment in online schools has grown from approximately 200,000 students in 2009-10 to
more than 315,000 in 2013-14.

® In 2009-10, there were an estimated 1,816,400 enrollments in distance-education courses in K-12 public
school districts, representing a 473% increase from 317,100 distance-education enrollments in the
2002-03 school year.

Transition to Higher Education

Since 2006, U.S. on-time high school graduation rates have improved steadily.

® In 2006, 73% of public high school students graduated on time with a regular diploma; by 2012, the
figure had climbed to 81%.

® Black and Hispanic students had the highest gains, from 61% to 76% for Hispanic students and from
59% to 68% for black students.

Significant racial and ethnic and sex differences persisted, however, with white, Asian or Pacific
Islander, and female students having higher graduation rates than their counterparts.
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® In 2012, the on-time graduation rate for male students lagged behind that for female students by 7
percentage points (78% versus 85%).

® In 2012, the on-time high school graduation rates for Asian or Pacific Islander and white students were
93% and 85%, respectively; both of these figures surpassed those of black, Hispanic, and American
Indian or Alaska Native students (68%-76%).

Immediate college enrollment rates have increased for all students from 1975 to 2013, though
differences remain for demographic groups.

® Between 1975 and 2013, the percentage of high school graduates making an immediate transition to
college increased from 51% to 66%.

® In 2013, the immediate college enrollment rate of students from low-income families was 33 percentage
points lower than the rate of those from high-income families (46% versus 79%).

® Enrollment rates also varied widely with parental education, ranging in 2013 from 43% for students
whose parents had less than a high school education to 83% for students whose parents had a bachelor's
or higher degree.

American college enrollment rates are higher than the average rate for college enroliment
internationally.

® The percentage of American young adults enrolling in university-level education for the first time was
71% in 2012, surpassing the Organisation for Economic Co-operation and Development (OECD) average
of 58%.

® The United States ranked eighth out of the 33 countries that participated in the OECD study in 2012.
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Introduction

Chapter Overview

Concern about the ability of the United States to compete in the global economy has lent urgency to calls for reform
of science, technology, engineering, and mathematics (STEM) education. Federal and state policymakers and
legislators have called for national efforts to develop strong STEM pathways from high schools to colleges that
eventually will expand the STEM-capable workforce in the United States. At the K—12 level, reform efforts to
improve mathematics and science learning have included increasing advanced coursetaking in these areas,
promoting early participation in gatekeeper courses such as algebra 1, recruiting and training more mathematics
and science teachers, and expanding secondary education programs that prepare students to enter STEM fields in
college.

Educators have joined in 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. So far, a majority of states have adopted and are implementing the Common Core State Standards,
whereas 12 states have adopted the Next Generation Science Standards (see sidebar ®The Context and Content of
National K-12 Mathematics and Science Standards). Considerable attention is being paid to ensure that career and
college readiness standards include a strong focus on STEM education (Achieve Inc. 2013; NCEE 2013; Pellegrino
and Hilton 2012), and a recent National Research Council report established 14 progress indicators that can be
used to monitor STEM progress in the K-12 education system and inform decisions about improving it (NRC 2013).

[i]

Following a 2011 report by the National Research Council (NRC) on successful K-12 education in STEM fields,
Congress asked the National Science Foundation (NSF) to identify methods for tracking progress toward the
report’s recommendations. In response, a committee convened by the NRC authored a second report describing a
set of 14 progress indicators related to students’ access to quality learning, educators’ capacity, and policy and
funding initiatives in STEM. This second NRC report Monitoring Progress Toward Successful K-12 STEM Education
(2013), addresses the need for research and data that can be used to monitor progress in the K-12 STEM
education system and for making informed decisions about improving it. The recommended indicators provide a
framework for Congress and relevant federal agencies to create and implement a national-level monitoring and
reporting system that could support progress towards the NRC's three goals for U.S. K-12 education in the STEM
disciplines. More information about the indicators can be found at http://stemindicators.org.

B2 The Context and Content of National K-12 Mathematics and Science
Standards

The Common Core State Standards (CCSS) and Next Generation Science Standards (NGSS) are the latest
developments in a tradition of standards-based education reform that has become a focal point of
education reform in the United States. This reform tradition can be traced back to A Nation at Risk, which
argued that student achievement in the United States was falling behind that of other nations because of
inadequacies in its education system (Gardner 1983). President George H.W. Bush convened the first
national education summit in Charlottesville, Virginia, in 1989, an event that led to the articulation of six
long-term reform goals (Klein 2014). The Charlottesville summit inspired each successive president to
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promote the development and adoption of standards and assessments through national legislation:
President Clinton with the Goals 2000: Educate America Act and the Improving America's Schools Act of
1994, President George W. Bush with the No Child Left Behind Act of 2001, and President Barack Obama
with the Race to the Top Fund initiated in 2009 (Klein 2014).

Independent national organizations of educators developed their own sets of standards for science and
math education, beginning with the influential Curriculum and Evaluation Standards for School Mathematics
published by the National Council of Teachers of Mathematics in 1989 (AAAS 1993; NCTM 1989, 2000; NRC
1996). Standards for learning in science and other subjects followed. Many states have used these national
standards as models in developing their own standards, although their implementation has varied
substantially among states (Shepard, Hannaway, and Baker 2009; Weiss 2000).

In 2009, the National Governors Association Center for Best Practices, the Council of Chief State School
Officers, and Achieve Inc. coordinated an effort to develop CCSS in English language arts and mathematics.
Since their 2010 release, the CCSS have received acclaim and criticism from educators, policymakers, and
education advocates. Although nearly every state signed on to the CCSS initially, support has declined as
implementation has progressed (Rentner and Kober 2014). In 2013, Indiana, South Carolina, and
Oklahoma reversed their Common Core adoptions, and several other states are reviewing and possibly
repealing the Common Core standards (Salazar and Christie 2014; Ujifusa 2014).

The status of CCSS-aligned assessments is even less certain. In 2010, the U.S. Department of Education
funded two consortia of states, the Smarter Balanced Assessment Consortium and the Partnership for
Assessment of Readiness for College and Careers, to create assessments aligned with the CCSS. States
with voting power in the consortia had to agree to implement the assessments by the 2014-15 school year.
In addition to federally funded efforts, states such as Kentucky and New York have sought to develop their
own CCSS-aligned assessments, as have commercial testing corporations. Many states have experienced
difficulties in implementing CCSS-aligned assessments.

The NGSS, released in 2013, were developed by Achieve Inc., the National Research Council, the National
Science Teachers Association, and the American Association for the Advancement of Science in conjunction
with 26 states. The NGSS have stirred less controversy than the CCSS but have been adopted by fewer
states (Heitin 2014b). States have reported that they are too busy implementing CCSS to implement the
new science standards simultaneously (Heitin 2014a). In addition, adoption and implementation of NGSS
have not been tied to financial incentives as they have been for CCSS (Heitin 2014a).

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 precollege mathematics and science
teaching and learning based mainly on data from the National Center for Education Statistics (NCES) of the U.S.
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.

Indicators of elementary and secondary school mathematics and science

& Table 1-1 education
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Student learning in e Mathematics and science performance of first-time kindergarten students in
mathematics and science the 2010—-11 and 2011—-12 school years
e Trends in fourth, eighth, and twelfth graders’ mathematics performance
through 2013
e Algebra performance of 2009 ninth graders when they were in ninth and
eleventh grades (2009 and 2012)
e International comparisons of 15-year-olds’ mathematics and science literacy

in 2012
Student coursetaking in e Highest mathematics and science course enrollment of eleventh graders in
mathematics and science 2012

e Trends in participation and performance in Advanced Placement program
from 2003 to 2013

Teachers of mathematics and e Degrees, certification, subject-matter preparation, and experience of
science mathematics and science teachers in 2012
e Professional development of mathematics and science teachers in 2012
e Salaries and working conditions of mathematics and science teachers in 2012

e Review of emerging practices of instructional technology and distance

Instructional technology and education and their effects on student learning

digital learning

Transitions to higher education e Trends in on-time high school graduation rates from 2006 to 2012
¢ International comparisons of secondary school graduation rates in 2012
e Immediate college enrollment from 1975 to 2013
e Choice of STEM majors among U.S. undergraduate students in the 2011-12
academic year
e International comparisons of college enrollment rates in 2012

STEM = science, technology, engineering, and mathematics.
Science and Engineering Indicators 2016

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 scores on
mathematics and science assessments in grades 4, 8, and 12. Next, it presents data from two longitudinal studies
that track individual students' growth in mathematics and science knowledge over time: the Early Childhood
Longitudinal Study, Kindergarten Class of 2010-11 (ECLS-K:2011), and the High School Longitudinal Study of 2009
(HSLS:09). The section ends by placing U.S. student performance in an international context, comparing the
mathematics and science literacy of U.S. 15-year-olds with that of their peers in other countries.

The second section focuses on mathematics and science coursetaking in high school. Using data from HSLS:09,
data from the College Board's Advanced Placement (AP) program, and data collected by the U.S. Department of
Education's Office of Civil Rights (OCR), it examines high school students' participation in mathematics and science
courses.

The third section turns to U.S. elementary, middle, and high school mathematics and science teachers, examining
their experience, licensure, subject-matter preparation, professional development, salaries, and working conditions.
All teacher indicators in this section use the latest available data, derived from the NCES 2011-12 Schools and
Staffing Survey (SASS).
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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, long-term trends in immediate
college enroliment after high school, transition to STEM fields at the postsecondary level, and academic preparation
for college. This section also examines the high school graduation and postsecondary entry 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.

This chapter focuses on overall patterns and also reports variation in access to educational resources by schools'
minority concentrations and poverty levels and in student performance by sex, race or ethnicity, and family and

school characteristics. Whenever a comparative statistic is cited in this chapter, it is statistically significant at the
0.05 probability level.
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Student Learning in Mathematics and Science

Increasing academic achievement for all students—with an emphasis on improving the performance of
low-achieving students—is a critical goal of education reform in the United States. 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 assessments, using data from the National Assessment of
Educational Progress (NAEP). Next, it presents data from two longitudinal studies that track individual students'
growth in mathematics and science knowledge over time: ECLS-K:2011 and HSLS:09. The section ends by placing
U.S. student performance in an international context, comparing the mathematics and science literacy of U.S.
15-year-olds with that of their peers in other countries.

The data from these various sources reveal several key findings. Students' scores on mathematics assessments
show some small improvements, continuing a pattern of small but consistent increases over time. Proficiency levels
have also improved but remain below 50% for all age groups. Data for the nation's elementary and high school
students reveal that achievement gaps in mathematics continue to persist for students from disadvantaged
backgrounds, and international assessments reveal that the United States lags behind other developed countries in
average mathematics and science literacy scores.

National Trends

This subsection looks at trends in U.S. students' achievement in mathematics over time, presenting estimates from
the NAEP. Two NAEP data collections contribute to this discussion: data from the main NAEP demonstrate changes
since 1990 in the mathematics performance of students in grades 4, 8, and 12, whereas NAEP long-term trend
(LTT) data allow examination of the mathematics performance of 9-, 13-, and 17-year-old students since 1973.
This section's analysis includes new mathematics data from the main NAEP 2013 and the NAEP LTT 2012. New
science data were not available for analysis in this edition. The most recent available findings based on NAEP
science data have been reported in previous editions of Science and Engineering Indicators (NSB 2012, 2014).

Although the main NAEP and the NAEP LTT both assess mathematics, there are several differences between them,
particularly in the content assessed, how often the assessment is administered, and how the results are reported.
These and other differences mean that results from the main NAEP and the NAEP LTT cannot be compared directly.
The main NAEP content frameworks and assessments are updated periodically to reflect changes in contemporary
curriculum standards, whereas the NAEP LTT content frameworks in science and mathematics have remained the
same since about 1970.[11 The following analyses of national trends used cross-sectional data from the main NAEP
to examine recent performance and from the NAEP LTT to examine trends going back to 1978.

Reporting Results for the Main NAEP

The main NAEP reports student performance in two ways: scale scores and student achievement levels. Scale
scores, designed to measure student mathematics learning, range from 0 to 500 for grades 4 and 8 and from 0 to
300 for grade 12. Student achievement levels developed by the National Assessment Governing Board, with broad
input from the public, educators, and policymakers, indicate the extent of students' actual achievement expected
for a particular grade level. The three grade-specific achievement levels for mathematics (NAGB 2010) are the
following:
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® Basic: partial mastery of materials
® Proficient: solid academic performance
® Advanced: superior academic performance

Mathematics Performance of Students in Grades 4 and 8 from 2000 to 2013

Average score. The average mathematics score of U.S. fourth graders increased by 14 points from 2000 to 2007,
leveled off between 2007 and 2009, and then rose by 2 points from 2009 to 2013 (MliFigure 1-1). This overall trend
was reflected in almost all demographic groups. For example, from 2000 to 2007, the fourth grade average
mathematics score increased by 14 points for white students, 19 points for black students, 19 points for Hispanic
students, and 20 points for American Indian or Alaska Native students (Appendix Table 1-1). Average scores for
these racial and ethnic groups generally remained unchanged between 2007 and 2009 and then increased by 2 to 4
points from 2009 to 2013.

[l The science framework was established in 1969, and the mathematics framework was created in 1973.
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il Figure 1-1

Average NAEP mathematics scores of students in grades 4 and 8: 2000-13
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NAEP = National Assessment of Educational Progress.
NOTE: NAEP mathematics assessment scores range from 0 to 500 for grades 4 and 8.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014) of
NAEP 2000, 2003, 2005, 2007, 2009, 2011, and 2013 mathematics assessments, National Center for Education Statistics. See
appendix table 1-1.
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Among U.S. eighth graders, the average mathematics score increased continually from 2000 to 2013, with a total
gain of 12 points over the period (iliFigure 1-1). Continual improvement was seen in almost all demographic
groups. Gains were particularly apparent for several groups, including blacks, Hispanics, and Asians or Pacific
Islanders, with score increases of 18-19 points from 2000 to 2013 (Appendix Table 1-1).

For grade 12, only 2005, 2009, and 2013 results are examined here. Substantial revisions of the mathematics
framework for the 2005 assessment made comparison with earlier assessments impossible. Between 2005 and
2013, the average mathematics score for students in grade 12 increased by 3 points (Appendix Table 1-1).
Improvement occurred in many groups during this period, ranging from 5 points among several groups to 9 points
for Asian or Pacific Islander students and 13 points for those of two or more races. Only English language learners'
scores decreased during the period, dropping by 11 points.

Proficiency level. Increases in the percentages of students in grade 4 who achieved a level of proficient or higher
in mathematics parallel the average scale score improvements (Appendix Table 1-2). Although the percentage of
grade 4 students reaching proficiency or better did increase, it stayed well below the 50% targeted by the
standards. Specifically, 42% of students in grade 4 achieved a level of proficient or advanced in 2013, up from 24%
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in 2000 (MiFigure 1-2). In 2013, white and Asian or Pacific Islander students scored above the 50% mark, at 54%
and 64%, respectively. Scores for students in other demographic groups were much lower, with just 18% of black
students, 26% of Hispanic students, 24% of American Indian or Alaska Native students, 26% of students eligible
for free/reduced-price lunch, and 14% of English language learners performing at or above the proficient level
(Appendix Table 1-2).
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il Figure 1-2

Students in grades 4, 8, and 12 scoring at or above NAEP's proficient level in mathematics for their
grade: 2000, 2005, and 2013
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I Students scoring at or above NAEP's proficient level in mathematics

NAEP = National Assessment of Educational Progress.

NOTE: Grade 12 mathematics data are presented for 2005 and 2013 because the mathematics framework was substantially
revised in 2005, making prior assessment results not comparable with those in or after 2005.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014) of
NAEP 2000, 2005, and 2011 mathematics assessments, National Center for Education Statistics. See appendix table 1-2.
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The share of grade 8 students at or above the proficient level rose by 10 percentage points, to 36%, from 2000 to
2013 ({iFigure 1-2). Changes between 2000 and 2013 for most groups were in the range of 8-13 percentage
points; however, Asians or Pacific Islanders gained 19 percentage points, and 60% of them performed at or above

the proficient level in 2013. English language learners gained just 3 percentage points, with only 5% reaching the
proficient level in 2013 (Appendix Table 1-2).

The percentage of all students in grade 12 who were at or above the proficient level in 2013 stood at 26%, below
that of eighth graders (36%) and fourth graders (42%) (liFigure 1-2). Changes between 2005 and 2013 were

generally in the range of 2-4 percentage points, and only Asians or Pacific Islanders were moderately near the 50%
mark (Appendix Table 1-2).

Trends in Mathematics Performance since 1973

NAEP LTT data provide comparable average scores in mathematics for students ages 9, 13, and 17 beginning in

1973.01 This section discusses mathematics results from two points in time—1973 and 1978. Although the first LTT
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mathematics assessment was administered in 1973, very few of the items were included in subsequent
assessments. Thus, 1978 is the primary start of the LTT assessment in mathematics. However, NCES was able to
extrapolate data to compare the average scores of the 1973 assessment with later assessments, so some
comparisons can be made to 1973. NAEP LTT scores range from 0 to 500. The scores exhibit different patterns for
each age group. For 9-year-olds, the scores are flat in the 1970s, rise through the late 1980s, remain flat through
the 1990s, and then rise again. The scores of 13-year-olds increased at a gradual pace over that same time, but
those of 17-year-olds went flat after about 1990 and remained unchanged (iliFigure 1-3). The 2012 mathematics
average for 9-year-old students (244) was 25 points higher than that in 1978; 13-year-old students gained

21 points, to 285, in the same period. The score trends for different demographic groups closely followed these
same patterns.

[i] Estimates for 1973 were extrapolated.
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il Figure 1-3

Average NAEP LTT mathematics assessment scores of students ages 9, 13, and 17: 1973-2012
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SOURCES: Rampey B, Dion G, Donahue P, NAEP 2008 Trends in Academic Progress, NCES 2009-479 (2009), figures 10-12;
National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014) of NAEP LTT
2012 mathematics assessments, National Center for Education Statistics. See appendix table 1-3.
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As shown in Appendix Table 1-3, students in demographic groups identified by sex, highest level of parent
education, and race or ethnicity also improved their performance over time. Between 1978 and 2012, the average
score for 9-year-old male students increased from 217 to 244, and the average score for 9-year-old female
students increased from 220 to 244. The average score for 9-year-old students increased from 224 to 252 for white
students, from 192 to 226 for black students, from 203 to 234 for Hispanic students, and from 229 to 265 for Asian
or Pacific Islander students. The average score for 13-year-old students with at least one parent who graduated
from high school was 263 in 1978 and 270 in 2012. The average score for 13-year-old students with at least one
parent who graduated from college was 284 in 1978 and 296 in 2012. Average scores for 17-year-old students
changed moderately for all groups, with the exception of Hispanic and black students, whose scores increased by
18 and 20 points, respectively, between 1978 and 2012.

Performance gaps. NAEP LTT data indicate that, although between-group differences in mathematics performance
observed in 1978 have persisted, many of these gaps were significantly smaller in 2012 than in 1978 (FTable 1-2).
The gap between black students and white students at age 9 was 6 points narrower in 2012 than in 1978. All other
gaps in mathematics performance at age 9 by race and ethnicity were the same in 2012 as in 1978. For
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13-year-olds, the gap between black students and white students narrowed by 13 points, and the gap between
Hispanic students and white students narrowed by 12 points. For 17-year-olds, the gap in mathematics scores
between black students and white students narrowed by 12 points and the gap between Hispanic students and
white students was reduced by 10 points.

Magnitude of changes in NAEP LTT mathematics assessment score gaps, by
race or ethnicity and parents' highest education: 1978-2012

Race or ethnicity

f Table 1-2

Blacks and whites -6 -13 -12
Hispanics and whites = -12 -10
Asians and whites = 16 =
Asians and blacks = = -15
Asians and Hispanics R R -13

Parents' highest education

Did not finish high school and graduated from high school NA -14 -13
Did not finish high school and had some college NA -8 -9
Did not finish high school and graduated from college NA -9 Sil(0)
Graduated from high school and had some college NA 6 4
Graduated from high school and graduated from college NA 5 =
Had some college and graduated from college NA ~ ~

= = no change; NA = not available.
NAEP = National Assessment of Educational Progress; LTT = long-term trend.

NOTES: Hispanic may be any race. Asian, black or African American, and white refer to individuals who are not of
Hispanic origin. NAEP LTT mathematics assessment scores range from 0 to 500 for students of all ages.

SOURCES: Rampey B, Dion G, Donahue P, NAEP 2008 Trends in Academic Progress, NCES 2009-479 (2009), figures
10-12; National Science Foundation, National Center for Science and Engineering Statistics, special
tabulations (2014) of NAEP LTT 2012 mathematics assessments, National Center for Education Statistics. See
appendix table 1-3.
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Gender gaps. Between 1978 and 2012, there was no consistent gap between the mathematics scores of male and
female students at either age 9 or age 13 (Appendix Table 1-3). Among 17-year-old students, however, the NAEP
LTT data suggest the existence of a small gap between male and female students in most years between 1978 and
2012, a gap that was not significantly different in 2012 from what it was in 1978. The average scores in 1978 for
male and female students were 304 and 297, respectively. In 2012, the average scores for male and female
17-year-old students were 308 and 304, respectively.

Student Development over Time: Longitudinal Data

The national trend data discussed thus far indicate how the performance of the nation's students at specific ages or
education levels has changed over time. This section presents data from two nationally representative surveys that
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track individual students' growth in mathematics and science knowledge, assessing the same students' performance
over time rather than querying successive different cohorts. ECLS-K:2011 data provide a look at young children's
understanding of mathematics and science and how it changes in the first years of formal schooling. HSLS:09 data
indicate how students' understanding of mathematics develops in the first 3 years of high school.

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 will follow and test the same student sample each
year until spring 2016, when most students will be in fifth grade. This section provides a snapshot of the children in
the ECLS-K:2011 cohort who were in kindergarten for the first time in the 2010-11 school year and advanced to
first grade in the following year. It compares students' mathematics scores from the beginning of kindergarten to
the end of first grade. Science assessment results are only from the beginning and end of first grade, a shorter
assessment period. Students' mathematics and science assessment results cannot be compared with each other
because scales are developed independently for each subject. Both mathematics and science results show that
students enter school with different levels of preparation and that those differences persist for students of different
racial, ethnic, and socioeconomic groups, a finding that is supported in the research literature (Loeb and Bassok
2007; Magnuson and Duncan 2006).

Kindergarten performance on the ECLS-K mathematics assessment in fall 2010 varied by demographic
characteristics (iliFigure 1-4). Boys' and girls' mathematics scores did not differ, with both scoring an average of
29. Among racial or ethnic groups, black and Hispanic students scored the lowest (26 and 25, respectively), and
Asian students scored the highest (35). Students whose family income was at or below the Federal Poverty Level
(FPL) scored 9 points lower than students whose family income was at or above 200% of the poverty line (24
versus 33). Score differences also existed between students from one- and two-parent homes (26 versus 31,
respectively), students whose families spoke English at home or not (30 versus 24, respectively), and students
whose parents had not graduated from high school and those whose parents had received a graduate-level degree
(21 versus 36, respectively).
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il Figure 1-4

Average mathematics assessment test scores of children who were in kindergarten for the first time
during the 2010-11 school year and in first grade during the 2011-12 school year, by child and
family characteristics: Fall 2010 and spring 2012
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NOTES: Hispanic may be any race. American Indian or Alaska Native, Asian, black or African American, and white refer to
individuals who are not of Hispanic origin. Mathematics assessment scores range from 0 to 75 for kindergarteners and from 0
to 96 for first graders.

SOURCES: Mulligan GM, Hastedt S, McCarroll JC, First-Time Kindergartners in 2010-11: First Findings From the Kindergarten
Rounds of the Early Childhood Longitudinal Study, 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:2011), NCES 2015-109 (2014). See appendix table 1-4.
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Assessment scores for these students in spring 2012 show that the same performance gaps evident at kindergarten
entrance persisted into the end of first grade. For example, the difference in scores between white and black
students was 6 points in fall 2010 and 10 points in spring 2012; for Hispanic and white students, the gap was 7
points in fall 2010 and 9 points in spring 2012 (Appendix Table 1-4). Schooling did not close the achievement gap.
The average mathematics assessment score for first graders was 64. Black and Hispanic students scored the lowest
(58 and 59, respectively) compared to other racial or ethnic groups. Students with family incomes below the FPL,
students from one-parent homes, students from non-English-speaking homes, and students whose parents had less
than a high school education all scored lower than their counterparts.

ECLS-K:2011 collected first grade science assessment data in fall 2011 and spring 2012.01 The first grade science
assessment included items about physical sciences, life science, environmental sciences, and scientific inquiry. First
grade students' average score was 24 points on a 47-point scale in fall 2011 and 27 points in spring 2012 (iliFigure
1-5). Science assessment scores show the same pattern as mathematics scores, with achievement gaps evident at
the beginning of first grade not closing by the end of the school year. Students from non-English-speaking homes,
students with family income below the FPL, and students with parents with less than a high school education posted
the lowest scores (Appendix Table 1-5).

(] This analysis does not include results from the spring 2011 science assessment because they have not been
reported by NCES (i.e., the ECLS-K:2011 First Look report did not include results from the kindergarten science
assessment).
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il Figure 1-5

Average science assessment test scores of children who were in kindergarten for the first time
during the 2010-11 school year and in first grade during the 2011-12 school year, by child and
family characteristics: Fall 2011 and spring 2012
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SOURCES: Mulligan GM, Hastedt S, McCarroll JC, First-Time Kindergartners in 2010-11: First Findings From the Kindergarten
Rounds of the Early Childhood Longitudinal Study, 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:2011), NCES 2015-109 (2014). See appendix table 1-5.
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Developing Algebra Skills in High School

Mastering the mathematics concepts and skills taught in the typical algebra 1 course allows high school students to
take higher-level mathematics and more challenging college preparatory courses. Taking higher-level mathematics
courses, in turn, is associated with positive academic outcomes beyond high school such as college attendance,
college graduation, job readiness, and higher earnings (Achieve Inc. 2008; Adelman 2008; Bozick and Lauff 2007;
Byun, Irvin, and Bell 2014; Gaertner et al. 2014; Gamoran and Hannigan 2000; Long, Conger, and Iatarola 2012;
Nord et al. 2011). This discussion uses data from HSLS:09 to measure the development of students' understanding
and skills in algebra as they move through high school.

HSLS:09, a nationally representative longitudinal study, focuses on understanding students' trajectories from the
beginning of high school into higher education and the workforce (Ingels et al. 2011). HSLS:09 pays particular
attention to high school-level math and science education, the high school environment, and postsecondary
education. The HSLS:09 sample of approximately 24,000 students was drawn from students who were in grade 9 in
944 schools across the United States during the 2008-09 academic year. Students were interviewed for the first
follow-up survey more than 2 years later, when most were in eleventh grade. During both the base-year and first
follow-up data collections, students completed a mathematics assessment of algebraic reasoning and problem
solving. Science was not assessed, so it is not discussed in this section. The mathematics assessment provided
indicators of the students' proficiency in hierarchical performance levels; that is, students proficient at any given
level are considered proficient at all lower levels. The base-year algebra assessment included the following five
algebraic proficiency levels:

® level 1: The student understands algebra basics, including evaluating simple algebraic expressions and
translating between verbal and symbolic representations of expressions.

® level 2: The student understands proportions and multiplicative situations and can solve situation word
problems involving proportions, find the percentage of a number, and identify equivalent algebraic
expressions for multiplicative situations.

® |Level 3: The student understands algebraic equivalents and can link equivalent tabular and symbolic
representations of linear equations, identify equivalent lines, and find the sum of variable expressions.

® |Level 4: The student understands systems of linear equations, can solve such systems algebraically and
graphically, and can characterize the lines (parallel, intersecting, collinear) represented by a system of linear
equations.

® |evel 5: The student understands linear functions and can find and use slopes and intercepts of lines and
functional notation.

HSLS:09 students were first assessed in ninth grade in fall 2009 and again at the end of eleventh grade in spring
2012. The percentage of students reaching proficiency at each of the five levels increased in 2012. Constrained by a
ceiling effect, the smallest gain occurred in the percentage of students who were proficient at level 1, which
increased from 86% in 2009 to 92% in 2012 (MliFigure 1-6). In 2012, three-fourths of students were proficient at
multiplicative and proportional thinking, nearly two-thirds understood algebraic equivalents, almost 30% grasped
systems equations, and about a fifth comprehended linear functions. These shares rose by 10-23 percentage points
over the 3 years between 2009 and 2012. Although algebraic proficiency levels of male and female students
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progressed broadly in parallel, this was not the case for students from different demographic backgrounds.
Socioeconomic status (SES), parental education level, and private school attendance were associated with greater
proficiency gains (Appendix Table 1-6). For example, the percentage of students who were proficient at level 5
increased by 5 points among students whose parents graduated from high school, with gains of 7, 16, and 23
points for students whose parents had an associate's, bachelor's, or advanced degree, respectively. High SES and
private-school attendance provided a similar advantage in level-5 proficiency score gains.
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il Figure 1-6

Fall 2009 students in grade 9 who were proficient in specific algebraic knowledge and skills in fall
2009 and spring 2012
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SOURCES: Ingels SJ, Dalton B, Holder TE, Lauff E, Burns L], High School Longitudinal Study of 2009 (HSLS:09): A First Look
at Fall 2009 Ninth-Graders, NCES 2011-327 (2011); Ingels SJ], Dalton B, High School Longitudinal Study of 2009 (HSLS:09)
First Follow-up: A First Look at Fall 2009 Ninth-Graders in 2012, NCES 2014-360 (2013). See appendix table 1-6.
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The HSLS:09 assessed two proficiency levels that ninth graders were not expected to reach but that at least some
eleventh graders students were expected to attain (Ingels and Dalton 2013):

® |Level 6: The student understands quadratic functions and the relationship between roots and the

discriminant and can solve quadratic equations and inequalities.
Level 7: The student understands exponential and log functions, including geometric sequences, and can
identify inverses of log and exponential functions and when geometric sequences converge.

In 2012, approximately 5% of students were proficient at level 6, and approximately 2% were proficient at level 7 (
diFigure 1-6; Appendix Table 1-6). These numbers were substantially higher for Asian or Pacific Islander students
than for any other group: 17% and 8%, respectively, more than triple the average (Appendix Table 1-6).
Approximately 6% of male students and 5% of female students were proficient at level 6, a small but statistically
significant difference. Student SES, parental education, race or ethnicity, and school type all influenced student
scores. The patterns were broadly similar for level-7 proficiency.

International Comparisons of Mathematics and Science Performance
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Governments are increasingly viewing their population's education levels and performance as national resources
and are assessing their education status in a broader international context. The Organisation for Economic
Co-operation and Development (OECD) has conducted a triennial Program for International Student Assessment
(PISA) study since 2000 that allows comparisons of mathematics and science performance of 15-year-olds in the
United States with that of their peers in other nations.['] In addition to analyzing students' average performance
among countries and trends over time, and new to this edition of Science and Engineering Indicators, this section
examines variations in students' scores in different countries—that is, how tightly students' scores in any country
cluster around that country's mean score.

Science and Engineering Indicators 2014 examined data from another international assessment, the Trends in
International Mathematics and Sciences Study (TIMSS) (NSB 2014). TIMSS and PISA are different in design and
goals and do not allow direct side-by-side comparison. The present analysis presents new PISA data from 2012 and
looks at trends since 2003.

Principal differences between TIMSS and PISA are the foIIowing:[”]

® Grade level and scope. TIMSS conducts mathematics and science assessments of students in grades 4 and
8. PISA, on the other hand, assesses the mathematics, science, and reading performance of 15-year-old
students. ']

® Knowledge and skills versus application of knowledge. TIMSS assessments are designed to measure
students' knowledge in the mathematics and science curricula of participating countries. PISA assessments
are designed to measure students' ability to apply mathematics and science knowledge to real-world
applications.

® Country participation. Although some of the same countries participate in both TIMSS and PISA, many
countries participate in only one or the other.

PISA's focus is on the application of school knowledge to real-life situations. For example, students may be asked to
estimate an area, identify the best price for a product, or interpret statistics in a news report (see sidebar, B
Sample Items from the Program for International Student Assessment Mathematics and Science Assessments).

Trends in Mathematics and Science Knowledge among 15-Year-0Old Students in the United
States

liFigure 1-7 shows the average mathematics and science literacy scores for 15-year-old students in the United
States between 2003 and 2012.1"] Students in the United States had an average mathematics literacy score of 483
in 2003, 474 in 2006, 487 in 2009, and 481 in 2012. The average science literacy scores for U.S. students were
489 in 2006, 502 in 2009, and 497 in 2012. The average mathematics literacy scores for male students and female
students did not change significantly from 2003 to 2012, nor did the science literacy scores change significantly
from 2006 to 2012 (FETable 1-3).

[l OECD is an intergovernmental organization with membership of 34 advanced economies and 6 partner nations.
lilSee the TIMMS website (https://nces.ed.gov/TIMSS/faq.asp?FAQType=8).

liilschools in each country are randomly selected by the international contractor for participation in PISA. At these
schools, the test is given to students who are between age 15 years 3 months and age 16 years 2 months at the
time of the test, rather than to students in a specific year of school. This average age of 15 was chosen because at
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this age young people in most OECD countries are nearing the end of compulsory education (http://www.oecd.org
/pisa/aboutpisa/pisafaqg.htm).

[IVlThe 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 to subsequent
PISA mathematics assessments. Similarly, the framework for the PISA science assessment was changed in 2000
and in 2003, preventing comparisons of results in either 2000 or 2003 with science literacy scores from subsequent
years.

B3 Sample Items from the Program for International Student Assessment
Mathematics and Science Assessments

Sample Items from the 2012 Program for International Student Assessment (PISA) Mathematics
Assessment

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.

3. 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

18 km/h

25 km/h

30 km/h

49 km/h

oo o O

Correct answer: D

Sample Items from the 2012 PISA Science Assessment

1. Fevers that are difficult to cure are still a problem in hospitals. Many routine measures serve to
control this problem. Among those measures are washing sheets at high temperatures.

Explain why high temperature (while washing sheets) helps to reduce the risk that patients will
contract a fever.

Correct answer: Answers that refer to the killing or removal of bacteria, microorganisms, germs, or
viruses, or to the sterilization of the sheets.
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3. The temperature in the Grand Canyon ranges from below 0 degrees C to over 40 degrees C.

Although it is a desert area, cracks in the rocks sometimes contain water. How do these temperature

changes and the water in rock cracks help to speed up the breakdown of rocks?

a.
b
C.
d. Freezing water expands in the rock cracks.

Freezing water dissolves warm rocks.
Water cements rocks together.
Ice smooths the surface of rocks.

Correct answer: D. Freezing water expands rock cracks.

Additional sample questions: http://nces.ed.gov/surveys/pisa/pdf/items_math2012.pdf (for

mathematics) and http://nces.ed.gov/surveys/pisa/pdf/items_science.pdf (for science).
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il Figure 1-7
Mean mathematics and science literacy assessment scores of 15-year-old students in the United

States: 2003-12
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SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014) of
the Program for International Student Assessment 2003, 2006, 2009, and 2012 mathematics and science literacy
assessments, National Center for Education Statistics.

Science and Engineering Indicators 2016

Mean mathematics and science literacy assessment scores of 15-year-old

FH Table 1-3 . .
students in the United States, by sex: 2003-12
Mathematics Science

“
2003 486 480 NA NA
2006 479 470 489 489
2009 497 477 509 495
2012 484 479 497 498

NA = not available.
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NOTES: The mathematics and science literacy assessment scores range from 0 to 1,000. Science literacy assessment
was not administered in 2003.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014)
of the Program for International Student Assessment 2003, 2006, 2009, and 2012 mathematics and science
literacy assessments, National Center for Education Statistics.
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Mathematics Literacy among U.S. 15-Year-Olds

U.S. students' average mathematics score of 481 in 2012 was lower than the average score for all developed
countries, 501. It was also lower than the scores of students from two-thirds of all developed countries (Appendix
Table 1-7). Among developed countries, students from Singapore had the highest literacy score at 574 (ETable 1-4
). Other developed countries with average scores that were significantly higher than that of U.S. students included
Switzerland (531), Finland (519), Germany (514), Slovenia (501), and Iceland (493). The U.S. students' average
mathematics score was also lower than that of two developing countries, Vietham (511) and the Russian Federation
(482). Overall, U.S. students performed relatively well on PISA items that required only lower-level skills—reading
and simple handling of data directly from tables and diagrams, handling easily manageable formulas—but they
struggled with tasks involving creating, using, and interpreting models of real-world situations and using
mathematical reasoning (OECD 2015).

Mean mathematics literacy assessment scores of 15-year-old students in
developed countries, by country: 2012

Grouping and country

Score higher than United States' score of 481

f Table 1-4

Singapore 574
South Korea 554
Japan 536
Switzerland 531
Netherlands 523
Estonia 521
Finland 519
Canada 518
Poland 518
Belgium 515
Germany 514
Austria 506
Australia 504
Ireland 502
Slovenia 501
Denmark 500

New Zealand 500
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Grouping and country

Czech Republic 499
France 495
United Kingdom 494
Iceland 493
Latvia 491
Luxembourg 490

Score not statistically different from United States' score of 481

Norway 489
Portugal 487
Italy 485
Spain 484
Slovakia 482
United States 481
Sweden 478

Score lower than United States' score of 481
Israel 467

Greece 453

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014)
of the Program for International Student Assessment 2012 mathematics literacy assessment, National Center
for Education Statistics. See appendix table 1-7.

Science and Engineering Indicators 2016
Science Literacy among U.S. 15-Year-Olds

The average science literacy score for U.S. students in 2012 was 497, lower than the average science score of 511
for all developed countries (Appendix Table 1-8). Among developed countries, Singapore had the highest score at
552 (A Table 1-5). Other developed countries with science literacy scores that were significantly higher than that of
U.S. students included Japan (547), South Korea (538), Germany (524), and the United Kingdom (514).

Mean science literacy assessment scores of 15-year-old students in
developed countries, by country: 2012

Grouping and country

Score higher than United States' score of 497

fE Table 1-5

Singapore 552
Japan 547
Finland 545

Estonia 541
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Grouping and country

South Korea 538
Poland 526
Canada 525
Germany 524
Ireland 522
Netherlands 522
Australia 522
New Zealand 516
Switzerland 515
Slovenia 514
United Kingdom 514
Czech Republic 508

Score not statistically different from United States' score of 497

Austria 506
Belgium 505
Latvia 502
France 499
Denmark 498
United States 497
Spain 496
Norway 495
Italy 494
Luxembourg 491
Portugal 489

Score lower than United States' score of 497

Sweden 485
Iceland 478
Slovakia 471
Israel 470
Greece 467

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014)
of the Program for International Student Assessment 2012 science literacy assessment, National Center for
Education Statistics. See appendix table 1-8.

Science and Engineering Indicators 2016

Variability in Mathematics and Science Achievement across Countries
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The data in this chapter primarily include mean student achievement scores in mathematics and science in the
United States and other countries. The variability of student scores on a mathematics or a science test may provide
additional insights into the well-being of K-12 STEM education in the United States. For instance, if the United
States has higher overall variability in achievement than other countries, this may indicate that educational
outcomes are more unequal in the United States. Also, the percentage of U.S. students scoring at very high values
relative to those of other countries may provide insights on how well the United States fares in preparing students
to be STEM innovators. The percentage scoring at very low values may indicate education system shortcomings.

This section will present information on overall variability, measured as the average distance of students' scores
from the mean of those scores. This is the mean deviation. A mean deviation of 75, to take a value typical of
developed countries, indicates that, on average, students are 75 points from the mean in either direction. For a
country with a bell-shaped distribution of student achievement, which is approximately the case for many countries,
a 75-point mean deviation would also mean that 90% of students would fall within 184 points from the mean, in
both directions. This section will also examine how different countries compare in the highest and lowest percentiles
of achievement. All data in this section are from the 2012 PISA.

The United States is quite typical, among 32 developed countries, in terms of overall variability and has lower
variability than several Nordic countries noted for their egalitarianism. With a mean deviation of 76 for science
achievement, the United States is very near the median score of 77 for the developed countries in the data (B Table
1—6).["] The United States has a lower mean deviation for science achievement than Norway, Sweden, and Iceland.
Vil 1 addition, these countries do not have a higher average for science achievement than the United States. On
the other hand, South Korea and Estonia have higher average scores than the United States and also have mean
deviations about 10 points or more below that of the United States.

[VIPISA contains data on a few country regions such as particular U.S. states, the Perm region of Russia, and
Chinese cities. These are not included in analyses in the text of these sections, in which only whole countries are
considered. Developed and developing status are defined by the International Monetary Fund's classification of
countries into advanced and emerging economies (https://www.imf.org/external/pubs/cat
/longres.aspx?sk=24628.0).

[VIJAIl scores and comparisons in this section were calculated in accordance with the formulae presented in the PISA
Data Analysis Manual: SAS® (OECD 2009).

Mean deviation of science literacy assessment scores of 15-year-old students
in developed countries, by country: 2012

Grouping and country

Mean deviation higher than United States' mean deviation of 76

f Table 1-6

Israel 87
New Zealand 85
Singapore 85
Luxembourg 84

Belgium 81
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Grouping and country

Slovakia 81
Australia 81
France 80
United Kingdom 80
Sweden 80
Norway 80
Iceland 80

Mean deviation not statistically different from United States' mean deviation of 76

Netherlands 77
Germany 77
Japan 76
United States 76
Austria 75
Italy 75
Denmark 74
Finland 74
Slovenia 73
Switzerland 73
Ireland 73
Canada 72

Mean deviation lower than United States' mean deviation of 76

Czech Republic 72
Portugal 71
Greece 71
Poland 69
Spain 69
South Korea 65
Estonia 64
Latvia 63

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014)
of the Program for International Student Assessment 2012 science literacy assessment, National Center for
Education Statistics. See appendix table 1-8.

Science and Engineering Indicators 2016

The lower mean deviation for the United States in contrast to the Nordic countries, despite the generally recognized
greater ethnic diversity of the United States, suggests that mean deviation does not merely reflect diversity. If
mean deviation is a summary of inequalities from all sources that affect achievement, the poorer mean deviations
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of Nordic countries with respect to science achievement scores might reflect sources of inequality such as less
integrated immigrant populations or educational tracks.

The United States produces more students at or below the 10% mark for all developed countries in science. Almost
12% of American students are at or below the science achievement score defining the bottom 10% of students for
all developed countries (Appendix Table 1-8). Compared with all developed countries, 17% more U.S. students are
at or below the 10% threshold. This takes into account the size of the United States population. Additionally, the
United States produces fewer students above the scores that define the 90th, 95th, and 99th percentiles across all
developed countries. The United States has about 23% fewer students in each of these high-score groups.

Finland is at times cited as an exemplary educational system. With variability for science achievement that is
practically identical to that of the United States, Finland's advantage is in higher average science achievement.
Another Baltic country that stands out more sharply than Finland in the PISA data is Estonia. Estonia shows that it
is possible both to have a better average science score than the United States and to maintain lower variability and
better percentile values (Appendix Table 1-8). Mean deviations sharply lower than those of the United States could
be due to policy, sociostructural, or cultural reasons that may or may not be duplicable in the United States.

The 27 developing countries in the PISA data have, typically, lower variation in achievement than in developed
countries. Because these countries select themselves for inclusion in PISA, it is not possible to generalize to all
developing countries. Nevertheless, these countries can serve as a contrast to developed countries. Half of these
countries have a mean deviation for science achievement of 64.7 or lower. In short, these mean deviations for
self-selected developing countries are shifted down by about 10 points from those of developed countries. These
developing countries also, however, have a lower median value of average science scores, 438 (versus 525 for
developed countries).

The 2012 PISA survey also provides data regarding mathematics achievement. The findings are broadly similar to
those for science achievement. With a mean deviation of 73 for mathematics achievement, the United States has
the tenth-largest variability of 32 developed countries—moderately near the median score of 78 (FTable 1-7). The
United States has about the same variability for mathematics achievement as Norway, Sweden, and Iceland.
Additionally, differences among these countries in mean scores are small. On the other hand, a number of countries
do somewhat better than the United States both in terms of mean and mean deviation in mathematics, particularly
Estonia, Latvia, Denmark, and Finland. The first two of these countries also had appreciably lower mean deviations
for science achievement.

Mean deviation of mathematics literacy assessment scores of 15-year-old
students in developed countries, by country: 2012

Grouping and country

Mean deviation higher than United States' mean deviation of 73

M Table 1-7

Singapore 86
Israel 85
Belgium 83
Slovakia 81
New Zealand 81

South Korea 80
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Grouping and country

France 79
Germany 78
Luxembourg 78
Australia 78
Czech Republic 77
Portugal 77
United Kingdom 76
Switzerland 76

Mean deviation not statistically different from United States' mean deviation of 73

Austria 75
Japan 75
Netherlands 75
Slovenia 75
Italy 75
Sweden 74
Iceland 74
Poland 73
United States 73
Norway 73
Canada 72
Spain 71
Greece 71

Mean deviation lower than United States' deviation of 73

Finland 68
Ireland 68
Denmark 66
Latvia 66
Estonia 65

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014)
of the Program for International Student Assessment 2012 mathematics literacy assessment, National Center
for Education Statistics. See appendix table 1-7.

Science and Engineering Indicators 2016

The United States falls particularly short with respect to students in the highest percentiles of mathematics

achievement. If the United States was doing as well as other developed countries, then 1% of U.S. students would

9th

be at or above the score that defines the 9 percentile of students across all developed countries. Instead, only

about 0.4% of U.S. students have a score at or above that 99t" percentile score for developed countries, with the
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result that the United States has 61% fewer students in this group than the average for developed countries
(Appendix Table 1-7). Similarly, the United States has 42% and 45% fewer students compared with all developed
countries above the scores that define, respectively, the 90th and 95th percentiles of students across all developed
countries. In addition, the United States has values for mathematics achievement in two of the lower ranges of
percentiles that are worse than for all developed countries: the United States has 24% more students below the
international 10% score, and it has 18% more students below the international 5% score.

As with science scores, the mean deviations for developing countries are shifted down about 10 points from those
of developed countries. The average of mean mathematics scores for developing countries, however, is 439, in
contrast with 520 for developed countries.
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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. 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 from OCR. HSLS:09 data describe the breadth
of mathematics and science coursetaking from the ninth through eleventh grades, as reported by students. AP data
describe students' success in mastering the material taught in college-level mathematics and science courses while
in high school as measured by AP test scores. OCR data provide enrollments in high school science and
mathematics courses nationwide by sex, race, and ethnicity. The main findings in this section are that the United
States is making progress in increasing advanced coursetaking, though the overall percentage of students taking
mathematics and science AP tests remains small, and wide gaps persist in advanced coursetaking among students
from different socioeconomic backgrounds.

Eleventh Grade Mathematics and Science Coursetaking

In addition to the algebra achievement data discussed above, HSLS:09 provides detailed data about high school
students' coursetaking in mathematics and science and the high school and personal factors that lead students into
and out of STEM fields of study and related careers. ] Although subsequent follow-ups include collection and coding
of high school transcripts in 2013, as well as a second follow-up survey to be conducted in 2016, the coursetaking
data reported here are drawn from students' responses to questions about the courses in which they were enrolled
in the 2008-09 and 2011-12 academic years.[”] Future transcript data will examine directly which courses students
attempted and passed.

Science and Engineering Indicators 2014 (NSB 2014) presented data about the mathematics and science courses
that ninth graders enrolled in and about variations in their coursetaking by such factors as race and ethnicity,
parental education level, and SES. Algebra 1 and biology 1 were the most common courses for ninth graders.
Students who had a parent with a master's degree or higher were more likely to report enroliment in a
mathematics course above algebra 1, and students in the lowest SES category were more likely to report no
enrollment in science or mathematics. This section examines the mathematics and science coursetaking patterns of
these students when most of them were in the spring of their eleventh grade year.

[l NCES established the Secondary Longitudinal Studies Program (SLSP) to study the educational, vocational, and
personal development of young people beginning with their high school years and following them over time into
adult roles and responsibilities. Thus far, the SLSP consists of five major studies: the National Longitudinal Study of
the High School Class of 1972 (NLS:72); the High School and Beyond (HS&B) survey; the National Education
Longitudinal Study of 1988 (NELS:88); the Education Longitudinal Study of 2002 (ELS:2002); and the High School
Longitudinal Study of 2009 (HSLS:09). More information about each of these studies is available at http:/
/nces.ed.gov/surveys/slsp.

[i] Additional follow-ups by NCES are currently planned to at least age 26.
Mathematics Coursetaking

Completing algebra 2 (or an equivalent course) is a high school graduation requirement under the "college- and
career-ready" graduation requirements that 25 states have adopted (Achieve Inc. 2013). As of 2012, 69% of



National Science Board | Science & Engineering Indicators 2016 1] 40

Chapter 1. Elementary and Secondary Mathematics and Science Education

current eleventh graders (who were ninth graders in 2009) were enrolled in algebra 2 or a more advanced
mathematics course (FTable 1—8).[”” Among the remaining students, 12% were taking geometry 1, 8% were
taking algebra 1 or more basic mathematics, and 11% were not enrolled in any mathematics course. Substantial
demographic disparities exist: 56% of students from the bottom SES quintile were taking algebra 2 or higher,
compared to 83% of students from the top SES quintile (Appendix Table 1-9). Nonetheless, substantial percentages
of students were enrolled in algebra 2 or higher across most demographic categories: 51% of students whose
parents never completed high school, 54% of those who entered high school expecting to complete high school or
less, 45% of students in the lowest quintile of prior mathematics achievement,[i"] and 56% of students from the
bottom SES quintile. Across racial or ethnic groups, the percentage of students who took algebra 2 or higher
ranged from 62% among Hispanic students to 86% among Asian or Pacific Islander students.

Liii] Population statistics derived from HSLS:09 are derived using the appropriate sample weights.

(V] The prior mathematics achievement quintile score is a norm-referenced measure of achievement. The quintile
score divides the weighted (population estimate) achievement distributions into five equal groups, based on
mathematics score. See chapter 2 of the HSLS:09 Base-Year Data File Documentation for more information on the
derivation of the mathematics quintile score (Ingels et al. 2011).

Highest-level mathematics course in which students in grade 11 enrolled, by

f Table 1-8 student and family characteristics: 2012

(Percentage distribution)

Trigonometry,

Student and family No Basic math Ceomatmrd Algebra 2 calculus, and
characteristic mathematics and algebra 1 Y 9 other advanced
math?
All students 11.3 7.7 12.1 33.5 35.4
Sex
Male 11.5 8.4 13.5 32.7 34.0
Female 11.2 7.0 10.7 34.4 36.8

Race or ethnicity

White 10.6 7.2 10.1 32.8 39.3
Black 15.7 8.2 11.3 35.1 29.7
Hispanic? 11.0 8.5 18.2 34.3 27.9
Asian 5.9 3.1 5.3 22.4 63.5
Other 11.9 9.5 12.8 38.4 27.6

Parents’ highest education®
Less than high school 15.1 16.5 17.8 26.6 24.0

High school diploma or

) 14.5 10.1 14.7 34.3 26.3
equivalent

Associate’s degree 12.1 8.7 16.5 34.6 28.0
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Trigonometry,

Student and family No Basic math Geometry 1 Algebra 2 calculus, and
characteristic mathematics and algebra 1 Y 9 other advanced
math?

Bachelor’s degree 10.6 6.7 12.4 37.1 33.2
Master's degree or 7.9 4.6 6.5 27.8 53.1
higher

Highest mathematics course

in grade 9
No mathematics 20.0 10.8 12.9 29.6 26.8
Basic math/pre-algebra 13.4 16.9 27.6 25.4 16.7
Algebra 1 9.9 7.2 14.5 49.3 19.0
Above algebra 1 10.0 4.7 2.2 10.2 73.0

Students' educational

expectations in grade 9
High school or less 14.0 12.6 19.8 35.7 18.0
Some college 13.7 11.6 14.8 38.0 21.8
Bachelor’s degree 9.8 6.6 10.3 36.2 37.0
Graduate/professional 10.1 4.9 7 30.6 47.1
degree
Don't know 11.9 9.3 16.6 36.3 26.1

Control of school in grade

12
Public 11.6 7.7 12.5 33.6 34.6
Private 2.5 3.5 5.6 36.1 52.2

Socioeconomic status in

grade 124
Lowest fifth 15.7 12.0 16.3 32.8 23.3
Middle three-fifths 11.3 7.8 12.7 36.0 32.3
Highest fifth 7.4 3.4 6.5 27.2 55.6

@ Includes probability and statistics, trigonometry and pre-calculus, analytic geometry and calculus, and other
advanced math.

b Hispanic may be any race. Asian, black or African American, white, and other races refer to individuals who
are not of Hispanic origin.

€ The highest level of education achieved by either parent.

d Socioeconomic status (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: Percentages may not add to total because of rounding.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014)
of High School Longitudinal Study of 2009 (HSLS:09), National Center for Education Statistics. See appendix
table 1-9.
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Science and Engineering Indicators 2016

The HSLS:09 data show that the proportion of students reporting enroliment in courses above algebra 2 varies by
demographic characteristics. Overall, 35% of all students took courses beyond algebra 2. The proportion of Asian or
Pacific Islander students (64%) reporting enrollment in such courses, however, is more than twice as large as the
proportion of black (30%), Hispanic (28%), or other nonwhite and not Hispanic (28%) students reporting
enrollment. Additionally, the proportion who took such courses was more than twice as high for students whose
highest educated parent had a master's degree or higher (53%) than for those whose parents had a high school
diploma (26%) or did not finish high school (24%). Students from the highest SES quintile (56%) took these
courses at twice the rate of students from the lowest SES quintile (23%).

Data from HSLS:09 confirm that prior academic performance strongly predicts later coursetaking (Conger, Long,
and Iatarola 2009; Zietz and Joshi 2005). Seventy-one percent of students in the top quintile of prior mathematics
achievement (determined from a measure of students' mathematics achievement as they entered ninth grade in fall
2009) took trigonometry, calculus, and other advanced mathematics courses, compared with 30% of students in
the middle three quintiles and 15% in the bottom quintile (\liFigure 1-8). Similarly, 73% of students who had taken
a class above algebra 1 in their freshman year had moved beyond algebra 2 by their junior year, whereas only 19%
of 2009 freshman who had taken algebra 1 had done so.[V]

V] Freshman year coursetaking data come from Science and Engineering Indicators 2014 (NSB 2014). Overall,
10% of freshmen were not enrolled in a mathematics course, 9% were enrolled in basic mathematics or
pre-algebra, 52% were enrolled in algebra 1, and 29% were enrolled in a more advanced course.
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il Figure 1-8

Highest-level mathematics course enrollment of students in grade 11, by pre-high school
mathematics achievement: 2012

100
a0
a B0
=
ak}
=
a
40
) I I I I
Mo math Baszic math and Geometry 1 Algebrs 2 Trigonometry,
algebra 1 calculus, and
other advanced
miath

FPre-high school mathematics achievement

M Lowest fifth I Widdle three-fifths I Highest fifth

NOTE: Other advanced math includes probability and statistics, trigonometry and pre-calculus, analytic geometry and calculus,
and other advanced math.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014) of
High School Longitudinal Study of 2009 (HSLS:09), National Center for Education Statistics. See appendix table 1-9.

Science and Engineering Indicators 2016

Science Coursetaking

Biology 1 was the most prevalent science course among ninth graders in 2009, with 39% of students enrolled (NSB
2014). Three years later, in 2012, 41% of this cohort (most of whom were in their second semester of eleventh
grade) had enrolled in the other level-1 science courses, chemistry 1 or physics 1 (B Table 1-9). Moreover, across
demographic groups defined by sex and by race or ethnicity, students enrolled in other level-1 courses at
comparable rates: 40% of male students and 42% of female students; 43% of Asian or Pacific Islander students,
42% of white students, 41% of black students, and 40% of Hispanic students. Larger differences were observed
across the spectra of parental education and SES: 32% of students whose parents had less than a high school
education, for example, enrolled in chemistry 1 or physics 1, compared to 43% of students whose highest-educated
parent had a bachelor's degree. Similarly, 35% of students from the bottom SES quintile enrolled in these courses,
compared with 46% of students from the top quintile.
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Highest-level science course enrollment of students in grade 11, by student and

f8 Table 1-9 family characteristics: 2012

(Percentage distribution)

General, basic, earth Chemistry 1 Advanced

Student and family characteristic . .
or physics 1 science®

No science /environmental, Biology 1
physical science

All students 19.9 8.6 10.6 40.8 20.1
Sex

Male 21.1 9.9 11.3 39.6 18.2

Female 18.7 7.3 9.9 42.1 22.0

Race or ethnicity

White 18.4 8.7 9.4 41.9 21.7
Black 23.7 9.2 11.6 40.8 14.8
HispanicP 22.2 8.2 12.7 39.8 17.1
Asian 8.6 3.8 7.1 43.2 37.3
Other 22.2 10.9 12.5 36.0 18.5

Parents’ highest education®

Less than high school 32.6 10.1 11.1 31.5 14.7
:ﬁl‘vzclgsf' diploma or 20.8 10.6 13.2 39.3 16.2
Associate’s degree 26.6 10.8 14.0 33.6 15.1
Bachelor’s degree 18.8 10.2 10.0 43.3 17.6
Master’s degree or higher 12.8 6.7 6.9 44.8 28.9
Highest science course in grade
9
No science 33.0 10.1 13.1 29.8 14.0

General science 19.6 9.5 18.7 37.7 14.5
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General, basic, earth
Student and family characteristic No science /environmental, Biology 1
physical science

Chemistry 1 Advanced
or physics 1 science?®

Earth/environmental/physical

science 18.1 9.4 9.7 46.2 16.7
Biology 1 15.5 8.0 8.2 43.0 25.2
Above biology 1 16.7 3.6 17.5 36.5 25.7
Students' educational
expectations in grade 9
High school or less 29.1 12.0 17.1 28.6 13.3
Some college 22.7 12.8 11.1 38.8 14.6
Bachelor’s degree 17.9 7.2 8.7 47.2 19.0
Graduate/professional degree 15.9 6.1 7.7 44.0 26.3
Don't know 21.6 11.1 13.1 38.8 15.4
Control of school in grade 12
Public 20.1 8.8 10.8 40.4 19.8
Private 7.5 4.5 6.3 55.2 26.5
Socioeconomic status in grade
124
Lowest fifth 25.9 9.7 14.6 34.6 15.1
Middle three-fifths 20.5 9.3 10.8 41.1 18.3
Highest fifth 12.8 5.6 6.4 45.6 29.7

@ Includes biology 2, chemistry 2, physics 2, and other advanced science.

b Hispanic may be any race. Asian, black or African American, white, and other races refer to individuals who are not of
Hispanic origin.

€ The highest level of education achieved by either parent.

d Socioeconomic status (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: Percentages may not add to total because of rounding.
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SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014) of High

School Longitudinal Study of 2009 (HSLS:09), National Center for Education Statistics. See appendix table 1-10.
Science and Engineering Indicators 2016
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The pattern in level-1 chemistry or physics coursetaking varied appreciably by prior mathematics achievement,["i]
with 28% of students from the bottom achievement quintile enrolling in these classes versus 46% of those in the
top achievement quintile (\liIFigure 1-9). There were also large differences by educational expectations, with 29%
enrollment in chemistry 1 or physics 1 among students anticipating a high school diploma or less, compared with
47% of students anticipating a bachelor's degree and 44% of students anticipating a graduate or professional
degree (FTable 1-9).

[Vil prior science achievement was not measured in HSLS:09.
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il Figure 1-9

Highest-level science course enrollment of students in grade 11, by pre-high school mathematics
achievement: 2012
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NOTE: Advanced science includes biology 2, chemistry 2, physics 2, and other advanced science.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014) of
High School Longitudinal Study of 2009 (HSLS:09), National Center for Education Statistics. See appendix table 1-10.
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As with mathematics, taking advanced science courses in high school allows students to move through college
science curricula quickly. For example, advanced science coursetaking in high school has been associated with
better performance in introductory college biology, a prerequisite for more advanced study in biology and
health-related fields (Loehr et al. 2012). Similarly, enrollment and performance in advanced physics and calculus

courses during high school are also positively associated with performance in college physics and calculus courses
(Tyson 2011).

Disparities in advanced science coursetaking, therefore, have consequences, and the HSLS:09 data reveal that, as
with mathematics, the percentage of students taking more advanced science courses (i.e., level-2 sciences and
similar) varied with some demographic characteristics. Overall, 20% of students took advanced science courses in
spring 2012, with young women slightly more likely than young men to do so (22% versus 18%) (FTable 1-9). But
whereas 15% and 17% of black and Hispanic students took these courses, respectively, more than twice as many
Asian or Pacific Islander students did (37%). The ratio was similar across other demographic categories as well:

® Fifteen percent of students whose most-educated parent had less than a high school education took
advanced science, compared with 29% of those whose most-educated parent had at least a master's degree.
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® Thirteen percent of students in the lowest quintile of mathematics achievement took advanced science,
compared with 35% of those in the highest achievement quintile (Appendix Table 1-10).

® Thirteen percent of students anticipating completing at most a high school education took advanced science,
compared to 26% of those anticipating completing a graduate degree.

® Fifteen percent of students in the lowest SES quintile took advanced science, compared to 30% of those in
the highest SES quintile.

Computer Science and Engineering Coursetaking

Computer science and coding skills are widely recognized as a valuable asset in the current and projected job
market (Zinth 2015). The Bureau of Labor Statistics projects 37.6% growth from 2012 to 2022 in the computer
systems design and related services industry—from 1,620,300 jobs in 2012 to a projected 2,229,000 jobs in 2022
(U.S. DOL/BLS 2013). The percentages of U.S. students taking computer science and engineering courses in high
school are quite low, however, and vary by sex and other demographic characteristics. A recent survey of high
school administrators indicates that most schools offer computer science, but most of these schools count computer
science as an elective rather than a requirement, which may contribute to a low percentage of students taking such
courses (CSTA 2014). To encourage districts to offer computer science courses—and to encourage students to
complete these classes—14 states have amended high school graduation requirements either to allow or require
computer science to fulfill math, science, or foreign language course requirements (Zinth 2015). Several states also
have begun to require computer science courses to fulfill requirements for a specialized diploma or an endorsement
to the standard high school diploma.

HSLS:09 data show that a quite small proportion of students take computer science or engineering courses, with
6% of second-semester eleventh graders taking computer science classes and 2% taking engineering classes in
2012 (FETable 1-10). Male students were more likely to take both types of courses. About 3% of male students
took engineering courses, compared with less than 1% of female students (Appendix Table 1-11). In computer
science, it was 7% of male students, compared with 4% of female students. This gender disparity is also apparent
in AP courses, with courses such as computer science A made up of 81% male students and just 19% of female
students (iliFigure 1-10).

Engineering and computer/information science course enrollment of

& Table 1-10 students in grade 11, by student and family characteristics: 2012
(Percent)
All students 2.0 5.7
Sex
Male 3.3 7.2
Female 0.7 4.2

Race or ethnicity

White 2.1 5.5
Black 1.9 5.6
Hispanic® 1.6 6.2

Asian 1.9 6.9
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Student and family characteristic Computer/ information science

Other 2.1 5.7

Parents’ highest education®

Less than high school 1.4 8.1
High school diploma or equivalent 1.2 7.7
Associate’s degree 2.4 4.2
Bachelor’s degree 1.5 4.7
Master’s degree or higher 2.6 5.6

Highest mathematics course in grade 9

No math 2.3 6.4
Basic math/pre-algebra 1.5 4.0
Algebra 1 1.7 5.5
Above algebra 1 2.4 6.4

Students' educational expectations in grade 9

High school or less 1.9 5.3
Some college 1.8 4.6
Bachelor’s degree 2.3 6.4
Graduate/professional degree 2.1 5.9
Don't know 1.7 5.7

Control of school in grade 12
Public 2.1 5.8
Private 1.0 4.0

Socioeconomic status in grade 12°¢

Lowest fifth 1.4 7.8
Middle three-fifths 2.1 5.1
Highest fifth 2.2 5.6

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

b The highest level of education achieved by either parent.

€ Socioeconomic status (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: Percentages may not add to total because of rounding.
SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014)
of High School Longitudinal Study of 2009 (HSLS:09), National Center for Education Statistics. See appendix
table 1-11.
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il Figure 1-10

Public school students in graduating class of 2013 who took AP exams in mathematics and science in
high school, by sex
AP math
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AP = Advanced Placement.

NOTES: The College Board reports AP results by graduating class rather than by calendar year. Results include exams taken
by graduates throughout their high school career.

SOURCE: The College Board, The 10th Annual AP® Report to the Nation—Subject Supplement. Copyright © 2014,
www.collegeboard.org. Reproduced with permission.
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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 credit. Other opportunities include the International Baccalaureate program, which also offers
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college credit for high school courses, and dual enrollment, where students enroll in college courses while still in
high school (Thomas et al. 2013).

Administered by the College Board, a nonprofit organization, the AP program offers college-level courses in 34
different subjects in students' high schools, enabling students to earn credit toward both high school diplomas and
college degrees simultaneously. The College Board also administers exams that test students' mastery of course
material. Students who earn a passing score (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 All Students

About one-third of 2013 high school graduates took an AP exam in any subject, and about one-fifth of all students
passed the exam. Seventeen percent of students took an AP mathematics or science exam, and 10% passed (&
Table 1-11). Among mathematics and science exams, calculus AB has been the most popular, followed by biology;
both remained so in 2013, when approximately 223,000 students took the calculus AB exam and 162,000 took the
biology exam. Fewer students took more advanced exams (e.g., calculus BC, taken by about 78,000 students).
Physics C: electricity and magnetism was the least popular exam among 2013 graduates, taken by approximately
14,000 students (FTable 1-12).

Public school students who took or passed an AP exam as a proportion of
FH Table 1-11 overall student population, by subject: Graduating classes 2003, 2008, and

2013
(Percent)
Students who took an AP exam Students who passed an AP exam?
Any subject 18.9 25.2 33.2 12.2 15.4 20.1
Mathematics or scienceP 10.0 13.2 17.4 6.1 7.4 9.7

AP = Advanced Placement.
@ Students scoring 3, 4, or 5 on a scale of 1-5 for an AP exam.
b Includes calculus AB, calculus BC, statistics, biology, chemistry, environmental science, computer science A,
physics B, physics C: electricity/magnetism, and physics C: mechanics.

NOTES: The College Board reports AP results by graduating class rather than by calendar year. Results include exams
taken by graduates throughout their high school career.

SOURCE: The College Board, The 10th Annual AP® Report to the Nation—Subject Supplement. Copyright © 2014,

www.collegeboard.org. Reproduced with permission.
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Public school students who took or passed an AP exam in high school, by

& Table 1-12 subject: Graduating classes 2003, 2008, and 2013
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Students who took an AP exam Students who passed an AP Students who passed
(number) exam (number)?@ an AP exam (%)2
Any AP exam 514,163 756,708 1,003,430 331,734 460,785 607,505

Any AP mathematics or

. 272,580 396,232 527,001 166,582 222,931 291,946 61.1 56.3 55.4
sclence exam

AP mathematics exam

Calculus AB 131,951 176,864 223,444 86,048 104,722 128,940 65.2 59.2 57.7
Calculus BC 36,619 55,323 78,291 29,252 43,769 62,965 79.9 79.1 80.4
Statistics 48,345 92,692 141,335 28,967 53,581 80,529 59.9 57.8 57.0

AP science exam
Biology 80,000 121,554 162,381 47,544 64,718 90,198 59.4 53.2 55.5
Chemistry 51,105 79,242 107,431 29,469 42,685 58,536 57.7 53.9 54.5
Environmental science 22,039 50,118 97,918 10,896 25,860 46,733 49.4 51.6 47.7
Computer science A 12,090 12,258 22,273 7,551 7,003 14,293 62.5 57.1 64.2
Physics B 31,650 46,009 68,802 18,412 26,555 41,278 58.2 57.7 60.0

Physics C: electricity

/magnetism 7,581 9,349 14,045 4,941 6,387 9,458 65.2 68.3 67.3

Physics C: mechanics 16,042 21,994 31,959 11,322 15,789 23,472 70.6 71.8 73.4

AP = Advanced Placement.

@ Students scoring 3, 4, or 5 on a scale of 1-5 for an AP exam.

NOTES: The College Board reports AP results by graduating class rather than by calendar year. Results include exams
taken by graduates throughout their high school career.

SOURCE: The College Board, The 10th Annual AP® Report to the Nation—Subject Supplement. Copyright © 2014,
www.collegeboard.org. Reproduced with permission.
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The number of high school graduates who take at least one AP exam doubled in the 10 years from 2003 to 2013. In
contrast, the overall high school population increased by just 9% between 2001 and 2013 (U.S. DOE 2015). In
2013, just over 1 million students took one or more AP exams in any subject, almost twice the 514,000 students
who took an AP exam in 2003. Similarly, the number of students who took an AP exam in mathematics or science
rose from 273,000 in 2003 to 527,000 in 2013. The AP statistics exam continued to grow in popularity, with
141,000 students taking the exam in 2013, compared with 48,000 in 2003. Though still representing a small
proportion of overall AP exams, the computer science A exam has also grown over the past 10 years, with 22,000
students taking the exam in 2013, compared with 12,000 in 2003 and 2008.

The growing number of students taking AP exams over the past decade was accompanied by a decline in the overall
passing rate, even as rates for some individual exams have risen or remained steady. In 2013, 61% of students
who took one or more AP exams had passed at least one exam, compared with 65% in 2003. For mathematics and
science exams, the passing rate was 55%; the corresponding 2003 passing rate was 61%.



. National Science Board | Science & Engineering Indicators 2016 1|54

Chapter 1. Elementary and Secondary Mathematics and Science Education

Passing rates were highest for the more advanced exams. In 2013, the passing rate for calculus BC was 80% (the
highest of any exam), compared with 58% for calculus AB. The passing rate was 73% for physics C: mechanics,
67% for physics C: electricity and magnetism, but 60% for physics B. The lowest passing rate for any AP
mathematics or science exam was 48% for the environmental science exam. Despite the growth in the number of
AP test takers, the College Board estimates that 60% of students who have the potential to succeed in AP
coursework (based on performance on sections of the Preliminary SAT/National Merit Scholarship Qualifying Test)
do not participate in AP courses (College Board 2014).

AP Exam Taking and Performance by Sex and Race or Ethnicity

Mathematics and science AP exam taking at the most advanced levels varies with students' sex and race or
ethnicity. Although the students who took calculus AB, statistics, and chemistry exams were roughly evenly split by
sex, at advanced levels male students predominated, representing 59% of all calculus BC takers, 65% of physics B,
77% of physics C: electricity and magnetism, and 74% of physics C: mechanics (lliFigure 1-10).

In addition, black and Hispanic students are underrepresented among AP exam takers, particularly among more
advanced mathematics and science courses (College Board 2014). Black students made up 15% of 2013 high
school graduates but only 3% of students who took the calculus BC or either physics C exam (Appendix Table
1-12). Hispanic students made up 19% of graduates but less than 10% of exam takers in calculus BC (8%),
physics C: electricity and magnetism (7%), and physics C: mechanics (9%). On the other hand, Asians or Pacific
Islanders were overrepresented among AP exam takers, accounting for 6% of graduates but about 30% of exam
takers in physics C: electricity and magnetism and in calculus BC.

Racial and Ethnic Differences in Advanced Mathematics and Science
Coursetaking: Civil Rights Data

OCR collects data from U.S. primary and secondary schools about students' demographics and access to high
school-level mathematics and science courses. These data provide an additional look at racial and ethnic
differences in high school mathematics and science coursetaking. In the most recent academic year with data
available, 2009-10, enrollments in lower-level courses such as geometry and biology show little differentiation
across racial and ethnic and groups (Appendix Table 1-13). For example, 22% of all students were enrolled in
geometry, including 22% of white students, 22% of Hispanic students, 23% of Asian or Pacific Islander students,
and 20% of American Indian or Alaska Native students.['] However, in high-level courses such as calculus, fewer
black and Hispanic students were enrolled relative to Asian or Pacific Islander and white students: 3% of all
students were enrolled in calculus, including 4% of white students, 9% of Asian or Pacific Islander students, 2% of
black students, and 1% each among Hispanic and American Indian or Alaska Native students.

[l No estimate was available for black students.
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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 affect teacher quality, including qualifications,
subject-matter knowledge, ongoing professional development, access to instructional coaches, and working
conditions (Campbell and Malkus 2011; Creemers, Kryiakides, and Antoniou 2013; DeMonte 2013; Eckert 2013;
Johnson, Kraft, and Papay 2012; Schmidt et al. 2008; Shober 2012; Wilson 2011). This section presents various
indicators of public school mathematics and science teachers' quality, including educational attainment, professional
certification, participation in student teaching, self-assessment of preparation, and years of experience. The section
also examines school factors, such as salary and working conditions, that contribute to teacher effectiveness. It
focuses 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.l'l The main finding in this section is that highly
qualified teachers, as measured by any of the indicators presented here, are less prevalent at high-poverty and
high-minority schools.

The primary data source is the 2011—-12 SASS, a national survey designed to provide descriptive data on
elementary and secondary education across a wide range of topics, including teacher demand, teacher and principal
characteristics, general conditions in schools, principals' and teachers' perceptions of their school climate and
problems in their schools, teacher compensation, and district hiring and retention practices. Comparable data from
earlier SASS collections in 2003—-04 and 2007—-08 are also used to examine changes over time. In this section,
2003, 2007, and 2011 refer to the academic years 2003—-04, 2007-08, and 2011—-12. When possible, measures

are analyzed separately for schools with differing concentrations of minority and low-income students. ']

To provide context, the total number of U.S. public school teachers was about 3.4 million in 2011 (Appendix Table
1-14), a 13% increase over the approximately 3.0 million teachers employed in 1999 (Gruber, Wiley, and
Broughman 2002). In 2011, approximately 509,000 taught mathematics or science in public schools, accounting for
15% of the public school teaching force nationwide. Most subject-specific mathematics and science teachers
(approximately 415,000, or 82%) taught at the middle and high school levels. The number of elementary teachers
at public schools in 2011 was approximately 1.8 million, and the majority of those teachers taught mathematics
and science in addition to other subjects.

(il Middle and high school teachers included in this section are identified using an NCES Schools and Staffing Survey
(SASS) variable that indicates the level of the school at which teachers are employed. Middle schools are defined as
those with no grade lower than 5 and no grade higher than 8; high schools are defined as those with no grade
lower than 7 and at least one grade higher than 8. Elementary school teachers, not included in these indicators,
typically teach multiple subjects, and most of them hold a certification in general education.

[i] Based on the percentage of students in school qualifying for free/reduced-price lunch.

Characteristics of High-Quality Teachers

The effects of good teachers on student achievement have been well documented (Boonen, Van Damme, and
Onghena 2014; Hanushek 2011; Harris and Sass 2011; Jackson, Rockoff, and Staiger 2014; Stronge, Ward, and
Grant 2011), but the specific teacher characteristics that contribute to student success remain less clear. Some
studies have cast doubt on whether commonly measured indicators, such as teachers' licensure scores or the
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selectivity of their undergraduate institutions, are related to teaching effectiveness (Boyd et al. 2006; Buddin and
Zamarro 2009a, 2009b; Hanushek and Rivkin 2006). This section reports on indicators such as public school
mathematics and science teachers' educational attainment, professional certification, participation in student
teaching, self-assessment of preparation, and years of experience. Other less easily observed characteristics may
also contribute to teacher effectiveness, including teachers' abilities to motivate students, engage students in
learning, maximize instruction time, and diagnose and overcome students' learning difficulties. However, these
characteristics are often difficult and costly to measure and therefore are rarely included in nationally
representative surveys.

Highest Degree Attained

Although teachers with master's degrees typically earn additional salary or stipends, research suggests that these
degrees are not associated with improved student achievement (Harris and Sass 2007; Leak and Farkas 2011).
There are studies, however, that suggest that master's degrees in math and science are associated with a positive
effect on student achievement in those subjects (Miller and Roza 2012). The data available from SASS do not break
advanced degrees down by subject area, but available data are reported here because of general interest in teacher
qualifications. Virtually all mathematics and science teachers at public middle and high schools in 2011 held at least
a bachelor's degree, and more than half had earned an additional degree (e.g., master's degree, education
specialist, certificate of advanced graduate studies, doctorate, professional degree) (iliFigure 1-11). The proportion
of middle and high school mathematics and science teachers with a master's degree or higher has increased since
2003, from 48% to 56% in 2011 for mathematics teachers and from 52% to 61% for science teachers (Appendix
Table 1-15). But teachers with master's degrees were not evenly distributed across schools. For example, in 2011,
71% of science teachers in low-poverty schools had earned a master's or higher degree, compared with 52% of
those in high-poverty schools (B Table 1-13).[1]

[l To simplify the discussion, schools in which 10% or fewer of the students are eligible for the federal free
/reduced-price lunch program are called low-poverty schools, and schools in which more than 50% of the students
are eligible are called high-poverty schools. Similarly, low-minority schools are those in which 5% or fewer of the
students are members of a minority, and high-minority schools are those in which more than 45% of the students
are members of a minority.
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il Figure 1-11

Public middle and high school mathematics and science teachers who had a bachelor's or higher
degree: Academic years 2003-04, 2007-08, and 2011-12
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SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014) of
2003-04, 2007-08, and 2011-12 Schools and Staffing Survey, National Center for Education Statistics. See appendix table
1-15.
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Public middle and high school mathematics and science teachers with a
FE Table 1-13 master's or higher degree, by minority enroliment and school poverty level:
Academic year 2011-12

(Percent)

School characteristic Mathematics teachers

Minority enrollment (%)

0-5 58.2 63.7
> 5-45 57.6 67.1
> 45 54.0 54.6

School poverty level (%)?
0-10 62.3 71.1
> 10-50 54.9 65.9
> 50 55.0 52.1
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@ School poverty level is percentage of students in school qualifying for free/reduced-price lunch.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014)
of 2011-12 Schools and Staffing Survey, National Center for Education Statistics. See appendix table 1-15.
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Certification and Entry into the Profession

All public school teachers must have some type of state certification to teach. The traditional path to becoming a
teacher begins in an undergraduate education program, where future teachers earn a bachelor's or master's degree
and full teaching certification prior to beginning to teach. In recent years, a growing proportion of new teachers
have entered the profession through an alternative pathway that typically involves a program that recruits college
graduates from other fields or midcareer professionals in nonteaching positions. These teachers often begin to
teach with probationary or temporary certification while they work toward regular certification during the first few
years of their teaching careers. [

State certification. Each state requires public school teachers to earn a certificate that licenses them to teach.
States set criteria for various types of certification; usually, a full certification entails a combination of passing
scores on tests, a bachelor's degree with a specified number of credits in education and in the discipline taught, and
supervised student teaching experience (NCTQ 2013). In 2011, 25 states required prospective teachers to have a
major in a content-specific subject area for at least one initial credential at the secondary level, whereas 20 states
had the same requirement at the middle school level and 13 at the elementary level (U.S. Department of Education
2013b). Differences in state standards and requirements for certification complicate measurement of the effect of
teachers' credentials on student outcomes; this may have contributed to the research finding that teacher
certification has mixed effects on student achievement (Guarino et al. 2013; Jacob 2012; Leak and Farkas 2011;
Mo, Singh, and Chang 2013).

In 2011, the vast majority of public middle and high school mathematics and science teachers (91% and 92%,
respectively) were fully certified (i.e., held regular or advanced state certification) (WliFigure 1-12). The percentage
of mathematics and science teachers with full state certification has increased by 6 percentage points and 9
percentage points, respectively, from 2003 to 2011. The increase was seen in many types of schools but was more
apparent among science teachers in high-minority schools (from 79% in 2003 to 90% in 2011) and high-poverty
schools (from 80% to 91%) (Appendix Table 1-16).

[”]Probationary certification generally is awarded to those who have completed all requirements except for a
probationary teaching period. Provisional or temporary certification is awarded to those who still have requirements
to meet. States also issue emergency certification to those with insufficient teacher preparation who must complete
a regular certification program to continue teaching. Teachers' type of certification differs from their pathway into
the profession: teachers from both traditional and alternative programs may have any type of state certification
enabling them to teach. Alternative-pathway teachers, however, are more likely to begin teaching with a
provisional or temporary certification.
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il Figure 1-12

Public middle and high school mathematics and science teachers who held a regular or advanced
certification: Academic years 2003-04, 2007-08, and 2011-12
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SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014) of

2003-04, 2007-08, and 2011-12 Schools and Staffing Survey, National Center for Education Statistics. See appendix table
1-16.
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Despite these increases, fully certified mathematics and science teachers were still less prevalent in high-minority
and high-poverty schools when compared with schools with more advantaged students. For example, 88% of
mathematics teachers in high-poverty schools were fully certified, compared with 95% of those in low-poverty

schools (FTable 1-14). The share of fully certified science teachers was 91% in high-minority schools, slightly lower
than the 95% in low-minority schools.

Public middle and high school mathematics and science teachers with a
FE Table 1-14 regular or advanced certification, by minority enroliment and school
poverty level: Academic year 2011-12

(Percent)

School characteristic Mathematics teachers

Minority enrollment (%)

0-5 94.4 94.8

> 5-45 92.5 94.5
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School characteristic Mathematics teachers

> 45 88.6 89.5

School poverty level (%)?

0-10 95.2 95.0
> 10-50 91.9 92.8
> 50 88.2 90.6

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

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014)
of 2011-12 Schools and Staffing Survey, National Center for Education Statistics. See appendix table 1-16.

Science and Engineering Indicators 2016

Alternative entry into the teaching profession. Rather than completing traditional undergraduate programs in
education, some teachers enter teaching through alternative programs such as Teach for America, The New
Teacher Project (TNTP), and other programs administered by states, districts, universities, and other organizations
to expedite the transition of nonteachers into teaching. Some alternative entry programs place recruits in high-need
schools—generally, those with high levels of student poverty and low levels of student achievement. According to
its website, TNTP has recruited or trained nearly 50,000 teachers for high-need locations since 1997; Teach for
America's annual placement of teachers in high-need schools has grown from about 900 to more than 10,000
between 1995 and 2013 (Teach for America 2013). Although data are not available on the number of mathematics
and science teachers placed by these programs, the goals of both TNTP and Teach for America include increasing

the supply of teachers in those subject areas. !

Researchers have observed few systematic differences in the training received by aspiring teachers in traditional
versus alternative pathways (Henry et al. 2014; Linek et al. 2012; Sass 2011).[“’] Much of the formal training for
teachers in both traditional and alternative programs takes place in schools of education at universities (Walsh and
Jacobs 2007). Although SASS data show that a smaller proportion of alternative-pathway teachers participated in
student teaching before beginning teaching (see the "Student Teaching" section), research has generally found few
clear effects of teachers' pathways into the profession on students' achievement (Gansle, Noell, and Burns 2012;
Goldhaber, Liddle, and Theobald 2013; Harris and Sass 2011). Some studies have found that teachers from
particular programs, such as Teach for America, may be more effective in teaching STEM subjects than teachers
with other types of preparation (Henry et al. 2014).

SASS asked teachers whether they entered the teaching profession through an alternative certification program
designed to expedite the transition of nonteachers to a teaching career (e.g., a state, district, or university
alternative certification program). In 2011, 18% of public middle and high school mathematics teachers and 26% of
science teachers had entered the profession through an alternative certification program, compared with 17% of
teachers in other fields (EBTable 1-15). The number of science teachers who had entered the profession through
this pathway has risen somewhat in recent years, from 22% in 2007 to 26% in 2011 (Appendix Table 1-17).

il 10 2011, states reported 439 alternative-route teacher programs offered at postsecondary institutions (U.S.
Department of Education 2013b). Some programs, such as Teach for America, receive direct federal support, and
others are themselves federal programs, such as the U.S. Department of Defense's Troops to Teachers program,
which facilitates the entry of military personnel into teaching careers. Race to the Top, a federal competitive grant



b*-_'f’z National Science Board | Science & Engineering Indicators 2016 1]61

Chapter 1. Elementary and Secondary Mathematics and Science Education

program encouraging certain education reforms, awarded points to applicant states for providing high-quality
alternative pathways for aspiring teachers. More information about these programs is available at https:/
/www.teachforamerica.org/about-us/our-initiatives/stem-initiative and http://blowmindsteachstem.com/.
Information about the Troops to Teachers program is available at http://www2.ed.gov/programs/troops/index.htmil.

[iv] Large variation has been observed between programs within each pathway (Boyd et al. 2008).

Public middle and high school mathematics, science, and other teachers
FH Table 1-15 who entered teaching through an alternative certification program, by
minority enrollment and school poverty level: Academic year 2011-12

(Percent)
All schools 17.8 25.6 16.9
Minority enrollment (%)
0-5 8.9 14.8 10.6
> 5-45 12.3 21.4 13.4
> 45 24.3 32.0 21.8

School poverty level (%)?

0-10 11.6 19.0 11.5
> 10-50 14.6 22.9 13.7
> 50 23.2 31.2 22.2

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

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014)
of 2011-12 Schools and Staffing Survey, National Center for Education Statistics. See appendix table 1-17.
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Teachers who had entered through alternative programs were more concentrated in schools with high rates of
minority enrollment and school poverty, reflecting the recruiting priority that these programs place on high-need
schools. For example, 23% of mathematics teachers in high-poverty schools had entered teaching through an
alternative program, compared with 12% of those in low-poverty schools (8 Table 1-15). The percentage of science
teachers in high-poverty schools who had entered teaching through an alternative program was 31%, compared
with 19% of science teachers in low-poverty schools. Although the supply of mathematics and science teachers
generally has been adequate to fill vacancies due to retirement of mathematics teachers, many schools find it
difficult to fill their mathematics and science teaching positions due to preretirement teacher turnover (Goldhaber et
al. 2014; Ingersoll 2011; Ingersoll and May 2012). Teacher shortages in these subjects are not distributed evenly
across schools. High-poverty and high-minority schools in urban areas tend to have the highest rates of teacher
turnover. The resulting shortages may contribute to schools' decisions to hire teachers from alternative entry
programs.

Student Teaching

Student teaching offers prospective teachers hands-on classroom experience to help them transfer what they learn
from coursework into classroom teaching. Practical experience in the classroom may also affect student

achievement once teachers enter the classroom (Ronfeldt 2012; Ronfeldt and Reininger 2012).[":I According to
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SASS data, teachers who had participated in student teaching were generally more likely than those who had not to
report feeling well, or very well, prepared for various aspects of their first year of teaching (Appendix Table 1-18).

Among public middle and high school mathematics and science teachers with fewer than 5 years of experience in
2011, 85% of mathematics teachers and 75% of science teachers had participated in student teaching (iliFigure
1-13). The proportion differed by school composition; for example, 94% of new mathematics and 89% of new
science teachers in low-poverty schools participated in student teaching, compared with 80% and 73%,
respectively, in high-poverty schools (Appendix Table 1-19).

[Vl Research suggests that characteristics of the student teaching placement program affect subsequent teacher
effectiveness. In New York City, teachers who were placed in easy-to-staff schools during their student teaching
were more likely to remain teaching in the district and see gains in student achievement, regardless of the
characteristics of the school at which they were ultimately employed (Ronfeldt 2012). Teachers whose preparation
programs provided oversight of their student teaching and required a capstone project saw larger student
achievement gains during their first year (Boyd et al. 2008).
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il Figure 1-13

Participation of new public middle and high school mathematics and science teachers in practice
teaching, by school poverty level: Academic year 2011-12
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NOTES: New teachers refer to teachers with fewer than 5 years of teaching experience. School poverty level is percentage of
students in school qualifying for free/reduced-price lunch. Schools with 0%-10% of such students are low-poverty schools,
and schools with more than 50% of such students are high-poverty schools.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014) of
2011-12 Schools and Staffing Survey, National Center for Education Statistics. See appendix table 1-19.
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Although student teaching is prevalent, many teachers who entered the profession through alternative programs
report not participating in student teaching. In 2011, 48% of mathematics teachers and 52% of science teachers
who entered the profession through an alternative program had not participated in student teaching, lower than the
94% of mathematics and science teachers who entered teaching the traditional way (Appendix Table 1-20).
Thirty-nine states require prospective teachers in traditional preparation programs to participate in student

teaching, whereas 16 states require that all alternative-route teachers have an opportunity to student teach (NCTQ
2011, 2013).

Self-Assessment of Preparedness

New middle and high school teachers generally reported that they felt well prepared to perform various tasks
during their first year of teaching (Appendix Table 1-21). In 2011, 87% of new mathematics teachers and 90% of
new science teachers felt prepared to teach their subject matter. Among new science teachers, this represents an
increase since 2003, when 79% felt prepared to teach the subject matter. A larger proportion of new science
teachers also reported feeling prepared to assess students (70% in 2011 versus 59% in 2003). New teachers'
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assessments of their preparation were lower in high-minority and high-poverty schools. For example, in 2011, 95%
of new mathematics teachers in low-poverty schools felt prepared to teach their subject matter, compared with
83% of their peers in high-poverty schools (Appendix Table 1-21).

Experience

Teachers generally are more effective in helping students learn as they gain years of experience, particularly during
their first few years (Harris and Sass 2011; Kraft and Papay 2014; Ladd and Sorensen 2014; Rice 2013; Wiswall
2013). Some studies have shown a positive relationship between student achievement and the number of years of
teacher experience (Chingos and Peterson 2011; Ng, Nicholas, and Williams 2010), suggesting that experience may
be an important characteristic of effective teachers. Although the percentage of teachers of mathematics 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 less than 3 years of
experience decreased from 19% to 15% (Appendix Table 1-22). 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.

Recent studies have found, however, that novice teachers (i.e., teachers with 3 years or fewer of experience) are
more likely than experienced teachers to work in high-poverty and high-minority schools, suggesting that students
in these schools may have fewer effective teachers (Loeb, Kalogrides, and Béteille 2012; LoGerfo, Christopher, and
Flanagan 2012; Sass et al. 2012). In 2011, some 15% of public middle and high school mathematics teachers and
10% of science teachers were novices with 3 years or less of experience (B Table 1-16). Proportionally more
mathematics teachers in high-minority schools and high-poverty schools were novice teachers than in low-minority
schools (19% versus 10%) and low-poverty schools (18% versus 10%). The pattern was similar for science.

Public middle and high school mathematics and science teachers with less
FH Table 1-16 than 3 years of teaching experience, by minority enrolilment and school
poverty level: Academic year 2011-12

(Percent)
School characteristic Mathematics teachers
All schools 14.9 10.4

Minority enrollment (%)

0-5 10.2 11.6
> 5-45 11.8 8.2
> 45 18.6 12.7

School poverty level (%)?

0-10 10.3 8.7
> 10-50 13.3 9.0
> 50 18.1 12.9

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

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014)
of 2003-04, 2007-08, and 2011-12 Schools and Staffing Survey, National Center for Education Statistics. See
appendix table 1-22.

Science and Engineering Indicators 2016



. National Science Board | Science & Engineering Indicators 2016 1|65

Chapter 1. Elementary and Secondary Mathematics and Science Education

School Factors Contributing to Teachers' Effectiveness

Teachers bring a variety of knowledge, skills, and experience into their classrooms, but conditions in their schools
and districts also influence their effectiveness in promoting student outcomes and their decisions about remaining
in the profession. This section presents indicators of district and school attributes that affect teachers' success,
including the assignment of teachers to subjects, initial and ongoing professional development, salaries, and
working conditions.

In-Field Teaching

In-field teaching assignment in middle and high schools has been found in some studies to have a positive
correlation with teacher knowledge and student mathematics achievement (Lee 2012; Sung and Yang 2013). Its
inverse, out-of-field teaching, is associated with teacher attrition and lack of content knowledge and may be more
prevalent than previously recognized (Hill and Dalton 2013; Hobbs 2015). In recognition of the potential benefits
associated with in-field teaching, the No Child Left Behind Act of 2001 (NCLB) mandated that all students have
teachers who demonstrate competence in subject knowledge and teaching. NCLB provided specific guidance and
criteria for adequate preparation to teach mathematics and science to the states.

To determine whether teachers have subject-specific preparation for the fields they teach, research has focused on
matching teachers' formal preparation (as indicated by degree major and certification field) with their teaching field
(Hill and Gruber 2011; Morton et al. 2008). Following this line of research, the National Science Board distinguished
four levels of formal preparation for teaching mathematics and science at the middle and high school levels (NSB
2010). Mathematics teachers with the most rigorous preparation—that is, those teaching in field—had a degree, full
certification, or both in mathematics or mathematics education. Similarly, in-field science teachers had a degree,
full certification, or both in science or science education.

The push for the highly qualified teachers mandated by NCLB appears to have had a significant effect on the
percentage of middle school mathematics and science teachers who meet this rigorous definition of preparation.
The percentage of middle school mathematics and science teachers with in-field degrees has increased steadily
since 2003 (ETable 1-17). In 2011, two-thirds of middle school mathematics teachers and three-quarters of middle
school science teachers had in-field degrees. The level of in-field mathematics and science teachers in high schools
has not changed significantly since 2003, remaining steady at about 90% for mathematics and biology/life sciences
teachers and 80% for physical sciences teachers.
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Preparation of public middle and high school mathematics and science teachers for

fl Table 1-17 - ching in their field: Academic years 2003-04, 200708, and 201112

(Percentage distribution)

Academic year 2003-04 Academic year 2007-08 Academic year 2011-12
. In General In General General
Tgachmg ST field Relatid education field Relatid education Relatebd education
/field = field e 2 field < field e
Middle school
Mathematics 53.5 3.9 37.5 5.1 64.3 1.6 30.6 3.4 66.7 0.7 28.3 4.3
Science 67.0 na 29.2 3.8 69.7 na 27.0 3.3 74.2 na 23.4 2.4
High school
Mathematics 87.4 2.0 3.1 7.5 88.0 1.2 3.4 7.4 90.1 1.0 4.1 4.8
Biology/life 4 4 3.6 1.3 3.2 93.2 3.9 0.9 2.0 90.0 5.1 26 2.3
sciences
Physical 78.1 19.6 0.9 1.5 81.6 15.4 1.2 1.8 79.1 16.6 1.0 3.4
sciences

na = not applicable.

@ Mathematics teachers with a degree and/or full certification in mathematics or mathematics education. Science teachers with a
degree and/or full certification in science or science education.

b Mathematics teachers with a degree and/or full certification in a field related to mathematics (e.g., science, science education,
computer sciences, engineering). Science teachers with a degree and/or full certification in a field related to their teaching field
(e.g., high school biology teachers with a degree and/or full certification in chemistry). This category is omitted for middle school
science teachers because science teachers at this level are usually not distinguished by specific science fields such as physics,
chemistry, or biology.

¢ Mathematics and science teachers with a degree and/or full certification in general elementary, middle, or secondary education.

d Mathematics and science teachers without a degree or certification in their teaching field, a related field, or general elementary,
middle or secondary education.
NOTE: Percentages may not add to total because of rounding.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014) of 2003-04,
2007-08, and 2011-12 Schools and Staffing Survey, National Center for Education Statistics. See appendix table 1-23.
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The percentage of in-field teachers does vary by school poverty level. In 2011, 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 (Appendix Table 1-23). At the high school level, 95% of mathematics teachers at low-poverty schools had
in-field degrees, compared with 87% at high-poverty schools. One notable exception was middle school science
teachers, 75% of whom had in-field degrees regardless of the school poverty level.

Professional Development for Mathematics and Science Teachers

Professional development enables teachers to update their knowledge, sharpen their skills, and acquire new
teaching techniques, all of which may enhance the quality of teaching and learning (Davis, Petish, and Smithey
2006; Richardson and Placier 2001). Although much of the literature on professional development has found little
causal evidence of its effectiveness, some research on the effects of individual programs of professional
development for elementary and middle school mathematics and science teachers has found positive effects on
student achievement (DeMonte 2013; Gersten et al. 2014; Heller et al. 2012). Two types of professional
development are discussed here—new teacher professional development through induction and support programs,
and ongoing professional development for more experienced teachers.

New teacher induction and support. Induction programs for beginning teachers, including support, guidance,
and orientation, improve teacher commitment and retention, strengthen teachers' instructional practices, and raise
student achievement (Ingersoll and Strong 2011; Wang, Odell, and Clift 2010). Such professional development
often begins during a teacher's first year in the classroom, continues in subsequent years, and may prevent early
attrition.

Participation in new teacher induction programs has increased markedly since 2003. Among new public middle and
high school teachers with fewer than 5 years of experience in 2011, 84% of mathematics and 87% of science
teachers had participated in an induction program during their first year, compared with 71% of mathematics
teachers and 68% of science teachers in 2003 (Appendix Table 1-24). Teacher participation in induction programs
is lower in schools with high concentrations of minority and low-income students, but these gaps have narrowed
since 2003. In 2003, 59% of mathematics teachers in high-poverty schools had participated in an induction
program, compared with 76% in low-poverty schools, a gap of 17 percentage points. In 2011, that gap was 8
percentage points. The gap narrowed even more in science, with 57% of science teachers in high-poverty schools
participating in an induction program in 2003, compared with 77% in low-poverty schools—a gap of 20 percentage
points. In 2011, that gap was 8 percentage points. Appendix Table 1-25 shows data on other types of support
provided to new teachers when they start their careers.

Ongoing professional development. Ongoing professional development for teachers is often mandated by state
regulations and delivered by school districts to teachers throughout their careers. The type of professional
development provided for teachers varies substantially, and some types are more effective than others. Simply
spending time in professional development activities may not have any effect on student achievement (Garet et al.
2001). The most common types of professional development for mathematics and science teachers in 2011 were
subject area instruction and the use of technology in the classroom. In 2011, 81% of mathematics teachers and
70% of science teachers in public middle and high schools received professional development focused on their
content area during the preceding 12 months (iliFigure 1-14). Sixty-one percent of mathematics teachers and 65%
of science teachers received professional development in the use of computers for instruction. In comparison, fewer
than half received training in classroom discipline or management, teaching students with disabilities, or teaching
students with limited English proficiency (Appendix Table 1-26).
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il Figure 1-14

Participation of public middle and high school teachers in professional development activities during
past 12 months, by topic: Academic year 2011-12
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SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014) of
2011-12 Schools and Staffing Survey, National Center for Education Statistics. See appendix table 1-26.
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The duration of professional development programs is often shorter than what research suggests may be desirable.
More research is needed to establish a threshold; some studies have suggested 80 hours or more of professional
development is necessary to affect teacher practice (CCSSO 2009). Among teachers who received professional

development in their subject area in 2011, 28% of mathematics and science teachers received 33 hours or more (il
Figure 1-15).[1

(1] The maximum duration SASS provides as an option in its teacher questionnaire is "33 hours or more," which is
reported in this chapter. Research suggests that teachers who receive content-focused professional development
already have relatively strong content knowledge (Desimone, Smith, and Ueno 2006).
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il Figure 1-15

Duration of professional development received by public middle and high school mathematics and
science teachers in their subject area during past 12 months: Academic year 2011-12
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SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014) of
2011-12 Schools and Staffing Survey, National Center for Education Statistics. See appendix table 1-26.
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Teacher Salaries

Higher teacher salaries may help keep teachers from leaving the profession (Feng 2014; Gilpin 2012; James et al.
2011; Leigh 2012). In 2007, 15% of school districts offered pay incentives in fields of shortage—usually
mathematics, science, and special education—and 10% offered rewards for excellence in teaching (Aritomi and
Coopersmith 2009). However, researchers caution that financial incentives may be less effective than factors such
as positive working conditions in attracting and retaining high-quality teachers (Berry and Eckert 2012; Rose 2012).
Although federal and state strategies have offered financial incentives in an effort to attract quality teachers to
hard-to-staff schools, large differences in teacher quality and salary levels persist across and within states
(Adamson and Darling-Hammond 2012). Research has indicated that teachers earn less than other professionals
with similar levels of education (AFT 2008; Hanushek and Rivkin 2007). The circumstances of employment and the
nature of the work differ between teachers and nonteachers, however, and may account for salary differences to
some extent. Teachers are more likely than other professionals to work in rural areas, for example, where costs of
living and salaries are lower (Taylor 2008). Selecting the appropriate comparison group for teachers also
complicates salary comparisons. Some research uses salary data for fields requiring a bachelor's degree (AFT
2008), and at least one study suggests that a smaller set of occupations requiring similar skills may be more
appropriate (Milanowski 2008).
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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, based on teachers' reports in SASS (iliFigure 1-16). Salaries were
lowest for mathematics and science teachers at low-minority schools (approximately $50,000 and $49,000
respectively), which may be related to the low number of minority students in rural areas, where teacher pay tends
to be lower. 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 (Appendix Table 1-27).
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il Figure 1-16

Average salaries of public middle and high school mathematics teachers and percentage who were
satisfied with their salaries, by minority enrolilment and school poverty level: Academic year
2011-12
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NOTES: Schools with 0%-5% minority enrollment are low-minority schools, and schools with more than 45% minority
enrollment are high-minority schools. School poverty level is percentage of students in school qualifying for free/reduced-price
lunch. Schools with 0%-10% of such students are low-poverty schools, and schools with more than 50% of such students are
high-poverty schools.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014) of
2011-12 Schools and Staffing Survey, National Center for Education Statistics. See appendix table 1-27.
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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 (liFigure 1-16; Appendix Table 1-27). Mathematics teachers
in low-poverty and low-minority schools were more likely to be satisfied with their salaries than their colleagues in
high-poverty and high-minority schools, even though teachers in high-minority schools earned higher base salaries
than those in low-minority schools. Patterns were similar among science teachers.

International comparisons of teacher salaries are not available by specific subject, but general comparisons can be
made. Organizations such as OECD generally use purchasing power parity to compare salaries across countries.
Purchasing power parity reflects the money needed to purchase the same goods and services across countries. By
this metric, the United States ranked 6th in teacher pay internationally in 2011 (UNESCO 2014). According to
OECD, the United States ranked 11th among OECD countries in 2011 for salaries of teachers with 15 years of
experience (OECD 2014).

On average across OECD countries, primary school teachers earn 85% of the salary of college-educated,
25-64-year-old, full-time, full-year workers, whereas lower secondary teachers earn 88% and upper secondary
teachers earn 92% of that benchmark salary. The United States ranks 27th among developed countries by this
metric, well below the OECD average (OECD 2014).

Teacher Perceptions of Working Conditions

Like salaries, working conditions play a role in determining the supply of qualified teachers and influencing their
decisions about remaining in the profession. Safe environments, strong administrative leadership, cooperation
among teachers, high levels of parent involvement, and sufficient learning resources can improve teacher
effectiveness, enhance teachers' commitment to their schools, and promote job satisfaction, thereby decreasing
rates of teacher turnover (Berry and Eckert 2012; Feng 2014; Johnson, Kraft, and Papay 2012; Ladd 2011; Shen et
al. 2012). Other studies suggest that schools that have strong leadership opportunities for teachers have greater
teacher retention (Harris and Muijs 2004; Schweig 2014).

SASS asked teachers at public middle and high schools whether they agreed with several statements about their
school environments and working conditions. Majorities of mathematics and science teachers agreed with the
following statements in 2011: the school principal knows what kind of school he or she wants and has
communicated it to the staff (83% of mathematics and 82% of science teachers); the necessary materials for
teaching are available (82% and 77%); and staff are recognized for a job well done (74% and 70%) (Appendix
Table 1-28).1]

However, responses to some questions—about tardiness, class cutting, misbehavior, and student
preparation—revealed differences in school environments between high- and low-poverty schools. For example,
about 55% of mathematics and science teachers at high-poverty schools in 2011 reported that students' tardiness
and class cutting interfered with teaching, compared with 37% of teachers at low-poverty schools (iliFigure 1-17;
Appendix Table 1-28). Fully 60% of mathematics teachers at high-poverty schools reported student misbehavior
interfering with teaching, compared with just over one-third in low-poverty schools.
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[i] The statements about working conditions included in this section represent a selection of those measured in
SASS. For a complete list of questions and results for public elementary and secondary teachers, see the Digest of
Education Statistics 2010 (Snyder and Dillow 2011:116, table 76).
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il Figure 1-17

Perceptions of working conditions of public middle and high school mathematics teachers, by
minority enroliment and school poverty level: Academic year 2011-12
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NOTES: Teachers were asked to indicate their agreement with various statements about their school conditions. Response
categories included Strongly agree, Somewhat agree, Somewhat disagree, and Strongly disagree. Percentages are based on
teachers responding Strongly agree or Somewhat agree to various statements. Schools with 0%-5% minority enrollment are
low-minority schools, and schools with more than 45% minority enrollment are high-minority schools. School poverty level is
percentage of students in school qualifying for free/reduced-price lunch. Schools with 0%-10% of such students are
low-poverty schools, and schools with more than 50% of such students are high-poverty schools.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014) of
2011-12 Schools and Staffing Survey, National Center for Education Statistics. See appendix table 1-28.
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Lack of student preparation was a serious problem for 56% of mathematics teachers at high-poverty schools in
2011, compared with 19% at low-poverty schools—a gap of 37 percentage points (iliFigure 1-18). Teacher
perceptions of student apathy as a serious problem showed a similar pattern, although the gap was not quite as
large: 43% at high-poverty schools, compared with 25% at low-poverty schools. Patterns were similar among
science teachers (Appendix Table 1-29).
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il Figure 1-18

Serious student problems reported by public middle and high school mathematics teachers, by
school poverty level: Academic year 2011-12
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high-poverty schools.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014) of
2011-12 Schools and Staffing Survey, National Center for Education Statistics. See appendix table 1-29.
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Some of these problems may be worsening, according to teachers' reports about student apathy and lack of
preparation for learning. For example, 34% of all mathematics and 35% of science teachers in 2011 called student
apathy a serious problem, compared with 28% and 29%, respectively, in 2007 (Appendix Table 1-29). Again, about
40% of mathematics teachers in 2011, compared with 33% in 2007, identified students' lack of preparation for
learning as a serious problem. Similar increases were observed among science teachers.
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Instructional Technology and Digital Learning

Over the years, policymakers and researchers have developed a broad consensus that modern technology has great
potential to transform education (Duffey and Fox 2012; Johnson et al. 2014; U.S. Department of Education 2010).
Support for technology integration in K-12 students' learning has grown and is now widespread. In 2012, 92% of
elementary and secondary school principals and 89% of parents of school-aged children reported that technology
was so important to student academic success that it should be included in the school's core mission, compared
with 77% of school principals and 78% of parents who thought so in 2008 (Project Tomorrow 2013).

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 2010, the U.S. Department of Education released a National Education Technology
Plan, calling for "revolutionary transformation rather than evolutionary tinkering," leveraging technology to improve
teaching, personalize learning, and create engaging learning communities (U.S. Department of Education 2013a:v).
In 2013, 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 within the next 5 years (The
White House n.d.). Many states have also joined the federal efforts, taking an active role to build a technology-rich
learning environment in their states (Duffey and Fox 2012; NASBE 2012; Watson et al. 2014).

Technology integration in school entails not just providing access to the Internet but also encompasses the strategic
use of a broad array of technological tools and practices, including online courses; use of various devices and
hardware in classrooms; computer-based assessment; adaptive software for students with special needs; and
more. 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).

This section focuses specifically on the use of technology as an instructional tool in the U.S. K-12 education system.
It presents 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. This leads to a review of research on
the effectiveness of technology as an instructional tool on student learning outcomes.

Technology as an 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 at a rapid pace. Existing national data address the
availability or use of technological tools in schools or classrooms, although data and research on the quality and
effectiveness of the technologies remain limited (Gray, Thomas, and Lewis 2010a, 2010b; Snyder and Dillow 2013).

Computers and Other Technology Devices

Computers are universally available in U.S. elementary and secondary schools (NSB 2014). 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 either available as needed or
in the classroom every day: liquid crystal display (LCD) or digital light processing (DLP) projectors (84%), digital
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cameras (78%), and interactive whiteboards (51%). Among teachers who reported that these devices were
available to them, one-half or more also reported that they used these devices for instruction sometimes or often:
72% of teachers used LCD or DLP projectors, 57% used interactive whiteboards, and 49% used digital cameras.

Despite the widespread access to computers and other devices in classrooms, many teachers still believe they lack
technology resources. According to a 2012 national survey conducted by Project Tomorrow, a national education
nonprofit organization, 55% of K-12 teachers reported that there were not enough computers for student use in
their classes, thus highlighting this deficiency as one of the major obstacles in their use of technology for teaching
(Project Tomorrow 2013).

The 2012 National Survey of Science and Mathematics Education sponsored by the National Science Foundation
revealed a split between mathematics and science teachers in a nationally representative sample of K-12 teachers
about the adequacy of their instructional technology (e.g., computers, calculators, and probes or sensors)
(Banilower et al. 2013). Although 69% of high school mathematics teachers indicated that their instructional
technology resources were adequate, just 34%-48% of elementary, middle, and high school science teachers
indicated the same.

Reported adequacy of technology resources also varied by schools' student achievement levels and composition.
Teachers with higher concentrations of low-achieving students, low-income students, and non-Asian minority
students had less-positive views on the adequacy of instructional resources. For example, the mean score derived
from teachers' responses to the adequacy of instructional resources was 47 for teachers of science classes with
mostly low-achieving students, compared with 69 for teachers of science classes with mostly high-achieving
students (FBTable 1-18).

Mathematics and science teachers' views of adequacy of instructional

& Table 1-18 resources in class, by class and school characteristics: 2012

(Mean)

Class and school characteristic Mathematics teachers

Achievement level of class

Mostly high achievers 74 69
Average/mixed achievers 70 56
Mostly low achievers 68 47

Percent of non-Asian minority students in class

Lowest quartile 73 60
Second quartile 71 59
Third quartile 70 58
Highest quartile 69 50

Percent of students eligible for free/reduced-price lunch in school

Lowest quartile 73 64
Second quartile 71 55
Third quartile 69 54

Highest quartile 68 50
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NOTES: Estimates are class mean scores derived from teachers' evaluation of the adequacy of various instructional
resources in class. For mathematics teachers, instructional resources include measurement tools, instructional
technology, manipulatives (e.g., pattern blocks), and consumable supplies (e.g., graphing papers). For science
teachers, instructional resources include facilities (e.g., lab tables), equipment (e.g., microscopes),
consumable supplies (e.g., chemicals), and instructional technology (e.g., computers). Choices of responses
range from 1 (not adequate) to 5 (adequate).

SOURCE: Banilower ER, Smith PS, Weiss IR, Malzahn KA, Campbell KM, Weis AM, Report of the 2012 National Survey of
Science and Mathematics Education, Horizon Research, Inc. (2013).
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Internet Access and Mobile Devices

Access to the Internet is universal in public K-12 schools in the United States. As of 2008, 100% of public schools
had instructional computers with an Internet connection (Gray, Thomas, and Lewis 2010a). In addition, student
access to the Internet via instructional computers at school has increased substantially since 2000. In 2008, there
were three students per computer with Internet access, compared with seven students per computer with Internet
access in 2000 (Gray, Thomas, and Lewis 2010a).

Although Internet access at schools is universal, access with adequate bandwidth and connection speeds remains
an area of concern (Fox et al. 2012). In 2010, the Federal Communications Commission (FCC) found that nearly
80% of schools with federal funding for Internet access were not satisfied with their Internet connections (FCC
2010). Slow connection speeds were the primary complaint. In particular, students in high-minority schools were
half as likely to have high-speed Internet as students in low-minority schools; low-income students were twice as
likely as affluent students to have slow Internet access at their schools; and students in remote rural areas were
twice as likely as their urban and suburban peers to have slow Internet access at their schools (Horrigan 2014).

To respond to the federal government's ConnectED initiative for connecting all students to the digital age, in 2014
the FCC dedicated $5 billion in new funds to the existing federal program, the Schools and Libraries program, also
known as the E-rate program, to support the construction of high-speed wireless Internet connections on school
campuses and library buildings (see sidebar, ®E-rate Program: Its Purpose and Modernization).

B3 E-rate Program: Its Purpose and Modernization

The Schools and Libraries Program, also known as the E-rate program, is the federal education technology
program under the direction of the Federal Communications Commission (FCC). Authorized as part of the
Telecommunications Act of 1996, the program was designed to help libraries and K-12 schools in the
United States obtain affordable access to the Internet by providing 20%-90% purchase discounts on
telecommunications, Internet access, and internal network connections (Jaeger, McClure, and Bertot 2005).
For schools, discount rates are based on the percentage of students in the school who are eligible for the
National School Lunch Program and by the school's urban-rural classification.

Over the years, the E-rate program has helped U.S. schools and libraries connect to the Internet. When the
program was first launched in 1996, only 14% of K-12 classrooms had Internet connections; by 2005, the
percentage had risen to 94%. Similarly, just 28% of U.S. public library systems offered Internet access to
the public in 1996, but nearly all public libraries around the country (98%) had Internet connections by
2006.*

Despite this growth, the capacity of U.S. K-12 schools and libraries to access Internet content has not kept
pace with the latest developments in information and communication technologies. In particular, half of
K-12 school buildings have old, slow internal wiring that has difficulty carrying data at today's broadband
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speeds, and three out of five K-12 schools lack the Wi-Fi needed to access the interactive content of
today's Internet (NASBE 2012).

Recognizing these deficiencies, on July 11, 2014, the FCC adopted the E-rate Modernization Order. The
order expands funding for Wi-Fi networks and seeks to ensure that the E-rate program meets the
broadband needs of schools and libraries in today's world of interactive, individualized digital learning.
Through this order, the FCC hopes to accomplish three goals:

® To ensure affordable access to high-speed broadband sufficient to support digital learning in schools
and robust connectivity for all libraries

® To maximize the cost-effectiveness of spending for E-rate-supported purchases

® To make the E-rate application and other processes fast, simple, and efficient

Under the E-rate Modernization Order, the FCC has set aside a total of $5 billion in new funding in the next
5 years to support the construction of Wi-Fi services on school campuses and in libraries. More information
on the E-rate Modernization Order is available at http://www.fcc.gov/document
/fcc-releases-e-rate-modernization-order.

* Data retrieved from the Education and Library Networks Coalition (http://www.edlinc.org
/get_facts.html#1s%20the%20E-Rate%20program%20working).

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, little 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 (NTIA 2011).

Among high school students in 2013, 89% owned Internet-connected smartphones, 60% had laptops, and 50%
had access to tablets (Project Tomorrow 2014). Teacher access to these devices has also risen dramatically:
between 2008 and 2012, the percentage of teachers who owned a smartphone jumped from 20% to 67%, and the
percentage who owned a tablet rose from 6% to 31% (Project Tomorrow 2013).

Digital Conversion

With the advent of Internet-connected mobile devices, schools and districts are also instigating 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. The Speak Up National
Survey, conducted by Project Tomorrow in 2012, found that some middle and high school teachers had already
started capitalizing on the potential of this digital conversion, supplementing their teaching with videos (47%),
digital textbooks (21%), animations (20%), online curricula (21%), simulations (10%), and virtual labs (6%)
(Project Tomorrow 2013). The survey also found that mathematics and science teachers took the lead in the
adoption of these new teaching strategies. Nevertheless, lacking computers or mobile devices is a major hindrance
to digital conversion: 60% of school principals said that the lack of computers or devices with Internet access was a
major obstacle to the greater adoption of digital content in their schools (Project Tomorrow 2014).

Distance Education and Online Courses

In addition to its potential for enhancing learning in the classroom, technology can also enable students to receive
instruction remotely through distance education or online learning. Distance education may include
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videoconferencing and televised or audiotaped courses, but Internet courses (commonly referred to as online
learning) are the most widespread and fastest-growing mode of delivery at the K-12 level. Online learning
programs range 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 (Picciano and
Seaman 2009; Staker and Horn 2012; Watson et al. 2014).

During recent years, online learning at the K-12 level has grown rapidly in the United States. Online learning
mainly occurred at the high school level; enrollment at this level accounted for 74% of the total K-12
distance-education enrollment in 2009-10. In 2009-10, there were an estimated 1,816,400 enrollments in
distance-education courses in K-12 public school districts, representing a 473% increase from 317,100
distance-education enrollments in the 2002-03 school year (Snyder and Dillow 2013). As of 2013-14, a total of 30
states (including the District of Columbia) had statewide full-time online schools (Watson et al. 2014). Full-time
enrollment in online schools has grown from approximately 200,000 students in 2009-10 to more than 315,000 in
2013-14 (iNACOL 2013; Watson et al. 2014). In addition, 26 states operated virtual schools in 2013-14, providing
supplemental online courses to approximately 740,000 students nationwide (Watson et al. 2014). To put these
changes in context, overall K-12 public enrollment increased by 2% in the same period, from 48,183,086 in fall
2002 to 49,360,982 in fall 2009 (Snyder and Dillow 2013).

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 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 Instructional Technology and Online Learning

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 yields improved student outcomes (Tamim et al.
2011). Few national studies are available; many of the existing studies were of brief duration or were based on
specific products, small and geographically narrow samples, or weak research designs. To address these
shortcomings, the Office of Educational Technology has issued a report outlining the problems with current research
on digital education and providing a framework for how research evidence can be improved (U.S. Department of
Education 2013a).

Nevertheless, several 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 some promising findings. A
large-scale meta-analysis summarized a total of 1,055 primary studies from 1967 to 2008 and concluded that the
use of computer technologies in classrooms had positive (though small) 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
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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).

Cumulative evidence, again based on limited studies, suggests 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 achievement increase was observed. When computing devices were
used as main teaching tools in class, however, there was an increase in student achievement (Norris, Hossain, and
Soloway 2012).

Effects of instructional technology may also vary with grade level. One study randomly selected middle and high
schools across seven states either to adopt a technology-assisted algebra curriculum or continue with the traditional
algebra curriculum (Pane et al. 2013). The study found that, although students in high schools with
technology-assisted curricula performed better than their peers in schools with traditional curricula, such
differences were not observed among students in middle schools.

Effects of Online Learning

Policymakers and researchers cite numerous potential benefits of online learning, which include increasing access to
resources, personalizing learning, and assisting struggling students (Bakia et al. 2012; U.S. Department of
Education 2010; Watson et al. 2013). Despite these potential benefits, few rigorous national studies have
addressed the effectiveness of online learning compared with that of traditional school models at the K-12 level
(Means et al. 2010). One small-scale study with a quasi-experimental design found that students participating in
online learning performed as well as their peers in comparable classrooms that used traditional instruction
(O'Dwyer, Carey, and Kleiman 2007). A meta-analysis of more than 500 studies addressing the effectiveness of
online learning found that interactive distance education provided small and positive effects on student
achievement compared to traditional classroom instruction (Bernard et al. 2004). Other recent studies also 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
need to be the subject of more rigorous research (Norris, Hossain, and Soloway 2012; Tamim et al. 2011). The
latest research suggests that distance education and online schools are meeting the needs of students who do not
have access to adequate physical school and course options. However, research on the effectiveness of online
learning is still in a nascent state (Watson et al. 2014).
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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. 2013; NCEE 2013; Pellegrino and Hilton 2012; The White House
n.d.). Over the past decades, U.S. high school graduation rates have been rising steadily, surpassing 80% for the
first time in U.S. history in 2012 (Balfanz et al. 2014).

High school completion represents a major milestone for adolescents, but skills acquired in high school are often
insufficient qualifications for jobs that pay enough to support a family. In today's labor market, most of the
fastest-growing, well-paying jobs require at least some postsecondary education (Carnevale, Smith, and Strohl
2010; Hout 2012). Given the competitive pressures associated with an increasingly global economy, 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 compared with their college-educated peers (Baum, Ma, and
Payea 2013; Blossfeld et al. 2005; 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, long-term 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 and postsecondary entry
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 substantially, depending on the definitions, data sources, and
methods used in their calculation (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 General
Educational Development (GED) certificate—about 85% of the U.S. population ages 18-24 in 2012 had completed a
high school education.!] This is 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 2011-12 school year, the U.S. Department of Education required all states to use a more
restrictive definition of high school graduation, emphasizing on-time graduation and considering only recipients of
regular high school diplomas (Chapman et al. 2011; Curran and Reyna 2010). Under this definition, the high school
graduation rate is the percentage of students in a freshman class who graduate with a regular diploma 4 years after
entering ninth grade (Stetser and Stillwell 2014).

Because calculating this rate requires following up with the same students over time, and because not all states had
the longitudinal data necessary to compute this rate as of the 2011—-12 school year, the U.S. Department of
Education recommended using the averaged freshman graduation rate (AFGR) to estimate on-time high school
graduation rates (Stetser and Stillwell 2014). The AFGR calculation divides the total number of high school diplomas
in a particular year by the estimated size of the incoming freshman class 4 years earlier. ]

Although not as accurate as a 4-year graduation rate computed from a longitudinal cohort of students followed over
time, the AFGR can be estimated with widely available cross-sectional data and is acknowledged by the U.S.
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Department of Education as one of the most accurate indicators among several alternative measures that can be
calculated using cross-sectional data (Seastrom et al. 2006). The U.S. high school graduation rates discussed below
are AFGRs.

On-Time Graduation Rates from 2006 to 2012

The on-time graduation rate among U.S. public high school students has increased steadily since 2006 (EETable
1-19). In 2006, 73% of public high school students graduated on time with a regular diploma; by 2012, the figure
had climbed to 81%. Hispanic students made the largest gain during this period, an improvement of 15 percentage
points, from 61% in 2006 to 76% in 2012. Black students improved as well, gaining 9 percentage points, from 59%
in 2006 to 68% in 2012. In comparison, white students gained just 5 percentage points, and Asian or Pacific
Islander students gained only 4 percentage points during this period. But substantial differences among racial and
ethnic groups persisted: in 2012, the on-time high school graduation rates for Asian or Pacific Islander and white
students were 93% and 85%, respectively; and both figures surpassed those of black, Hispanic, and American
Indian or Alaska Native students (68%-76%).

[lIData drawn from Digest of Education Statistics 2013 (Snyder and Dillow 2015:42, table 104.40).

(] The incoming freshman class size is estimated by summing the enrollment in eighth grade for 1 year, ninth
grade for the next year, and tenth grade for the year after, and then dividing by 3. For example, the 2011-12
on-time graduation rate equals the total number of diploma recipients in 2011-12 divided by the average
membership of the eighth grade class in 2007-08, the ninth grade class in 2008-09, and the tenth grade class in
2009-10 (Stetser and Stillwell 2014).

On-time graduation rates of U.S. public high school students, by sex and

fTable 1-19 ¢ or ethnicity: 2006—12
(Percent)
All students 73.2 73.4 74.8 76.5 78.2 79.6 80.9
Sex
Male 69.7 69.5 70.9 73.4 NA 77.0 78.0
Female 77.3 77.0 78.3 80.6 NA 84.0 85.0

Race or ethnicity?

White 80.3 80.4 81.0 81.8 83.0 84.0 84.8
Black 59.2 59.0 61.4 63.6 66.1 66.5 67.7
Hispanic 61.0 60.8 63.4 67.0 71.4 74.7 76.1
Asian or Pacific Islander 89.3 89.6 91.4 93.0 93.5 92.6 93.3
American Indian or Alaska Native 61.8 60.9 64.4 64.2 69.1 68.2 68.4

NA = not available.

@ Hispanic may be any race. American Indian or Alaska Native, Asian or Pacific Islander, black or African
American, and white refer to individuals who are not of Hispanic origin.
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SOURCE: Stetser M, Stillwell R, Public High School Four-Year On-Time Graduation Rates and Event Dropout Rates:
School Years 2010-11 and 2011-12: First Look, NCES 2014-391 (2014); Stillwell R, Sable J, Public School
Graduates and Dropouts from the Common Core of Data: School Year 2009-10: First Look, NCES 2013-309rev
(2013); Common Core Data Table Library, http://nces.ed.gov/ccd/tables/AFGR.asp and http://nces.ed.gov
/ccd/tables/AFGR0812.asp, accessed October 2015.
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Sex differences in on-time graduation rates have also persisted over time. In each year from 2006 through 2012,
(] the percentage of male students who graduated from high school within 4 years was lower than that of female
students. In 2012, the on-time graduation rate for male students lagged behind that for female students by 7
percentage points (78% versus 85%).

High School Graduation Rates in the United States and Other OECD Nations

OECD estimates upper secondary graduation rates for its members and selected nonmember countries by dividing
the number of graduates in a country by the number of people at the typical graduation age (OECD 2014).“"]
These estimates enable a broad international comparison. (vl

U.S. graduation rates are lower than those of many OECD countries. Among the 28 OECD nations with available
data on graduation rates in 2012, the United States ranked 22nd, with a graduation rate of 79%, compared with
the OECD average of 84% (Appendix Table 1-30). The top-ranked countries include Slovenia, Iceland, Germany,
the Netherlands, Hungary, Ireland, the United Kingdom, Japan, Spain, Finland, Denmark, and South Korea—all of
which had graduation rates above 90%.

Furthermore, the relative standing of U.S. high school graduation rates has not changed much from 2006 to 2012.
Among the 21 OECD countries for which graduation rate data were available in 2006, 2008, 2010, and 2012, the
United States ranked 16th in 2006, 2008, and 2012 and 17th in 2010 (EETable 1-20).

[il] sSex data were not available in 2010.

[iv] Upper secondary education, as defined by OECD, corresponds to high school education in the United States. In
the calculation of the U.S. graduation rates, 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.
OECD defines the typical graduation age as the age of the students at the beginning of the school year: students
will generally be 1 year older than the age indicated when they graduate at the end of the school year. According to
OECD, the typical graduation age in the United States is 17 years old. The U.S. high school graduation rates
calculated by 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.

V] International comparisons are often difficult because of differences between 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 OECD, with caution (Adelman 2008; Wellman 2007).

Relative standing of U.S. high school graduation rates among OECD

R R P e 2006, 2008, 2010, and 2012
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Yeer and OECP Country

2006
Germany 103
Greece 100
Finland 95
Japan 93
South Korea 93
Norway 91
Czech Republic 90
Iceland 90
United Kingdom 88
Denmark 86
Ireland 86
Italy 86
Hungary 85
Slovakia 82
Poland 80
United States 77
Sweden 76
Luxembourg 72
Spain 72
Turkey 51
Mexico 42
2008
Germany 97
Ireland 96
Japan 95
Finland 93
South Korea 93
Greece 91
Norway 91
United Kingdom 91
Iceland 89
Czech Republic 87

Italy 85
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Denmark 83
Poland 83
Slovakia 81
Hungary 78
United States 77
Sweden 76
Luxembourg 73
Spain 73
Mexico 44
Turkey 26
2010
Japan 96
Greece 94
South Korea 94
Ireland 94
Finland 93
United Kingdom 92
Iceland 88
Norway 87
Germany 87
Denmark 86
Hungary 86
Slovakia 86
Poland 84
Italy 83
Spain 80
Czech Republic 79
United States 77
Sweden 75
Luxembourg 70
Turkey 54
Mexico 47
2012

Iceland 95
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Germany 95
Hungary 94
Ireland 93
United Kingdom 93
Japan 93
Spain 93
Finland 93
Denmark 92
South Korea 92
Norway 88
Slovakia 86
Poland 85
Italy 84
Czech Republic 82
United States 79
Sweden 77
Greece 71
Luxembourg 69
Turkey 55
Mexico 47

OECD = Organisation for Economic Co-operation and Development.
NOTE: Data include only OECD countries with available data in all four years.

SOURCES: OECD, 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

Although high school graduation represents the culmination of elementary and secondary schooling, it also marks a
fundamental crossroads at which youth make critical choices about their future. Although some immediately enter
the workforce, join the military, or start families, the majority of students go directly into postsecondary education
(Ingels et al. 2012). Of the 3.2 million high school graduates in 2012, some 2.1 million (66%) enrolled in a 2- or
4-year college the following fall (Kena et al. 2014). This rate, known as the immediate college enrollment rate, is
defined as the annual percentage of high school completers, including GED recipients, who enroll in 2- or 4-year
colleges by the October following high school completion.

Between 1975 and 2013, the percentage of high school graduates making an immediate transition to college
increased from 51% to 66%, although this upward trend peaked at 70% in 2009 and has decreased since then (ili
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Figure 1-19). In each year, more students enrolled in 4-year institutions than in 2-year institutions. Immediate
enrollment rates between 1975 and 2013 increased from 33% to 42% for 4-year institutions and from 18% to 24%
for 2-year institutions. Between 1975 and 2013, immediate college enrollment was generally higher and rose faster
for women (from 49% to 68%) than for men (from 53% to 64%) (Appendix Table 1-31). Since 1975, the
immediate college enrollment rate has increased from 49% to 67% for white students, 45% to 57% for black
students, and 53% to 66% for Hispanic students. Asians or Pacific Islanders enrolled at consistently higher rates
than other groups since 2003, when data on Asian and Pacific Islander students were first available.
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il Figure 1-19

Immediate college enrollment rates among high school graduates, by institution type: 1975-2013
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NOTES: Figure includes students ages 16-24 completing high school in 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.

SOURCES: Digest of Education Statistics 2013 Data Table Library, tables 302.10, 302.20, 302.30, http://nces.ed.gov
/programs/digest/2013menu_tables.asp, accessed November 2014. See appendix table 1-31.
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Large enrollment gaps, however, persisted among students of different socioeconomic backgrounds (Appendix
Table 1-31): in 2013, the immediate college enrollment rate of students from low-income families was considerably
lower than the rate of those from high-income families (46% versus 79%). Enroliment rates also varied widely with
parental education, ranging in 2013 from 43% for students whose parents had less than a high school education to
83% for students whose parents had a bachelor's or higher degree.

Transition to STEM Fields

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 (NAS
COSEPUP 2005; NGA 2007). Likewise, a recent policy report by the President's Council of Advisors on Science and
Technology urged U.S. colleges and universities to increase the number of STEM graduates.

In 2011-12, some 23% of U.S. undergraduates were enrolled in STEM fields, including math/computer sciences
(5%), natural sciences (6%), engineering (5%), and social/behavioral sciences (7%) (E8Table 1-21). About 18% of
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first-year students declared a STEM major upon entering college. The declaration of a STEM major in the first year
of college was more common among males (26%) than among females (12%). The sex differences were
particularly evident in mathematics or computer sciences (9% versus 2%) and engineering (9% versus 1%).

U.S. undergraduates who chose a STEM major, by demographic

B Table 1-21 characteristics: Academic year 2011-12

(Percent)

Specific STEM major

. Social/
Demographic characteristic STEM major, Math/-computer Ngtural Engineering behavioral
total sciences sciences .

sciences
All undergraduates 22.6 4.7 5.9 4.9 7.1
First-year students 17.9 4.7 4.5 4.5 4.3

Sex

Male 26.0 8.7 4.8 9.2 3.3
Female 11.7 1.6 4.2 0.9 5.1

Race or ethnicity?

White 19.1 5.0 4.8 4.8 4.5
Black 13.8 4.1 2.9 3.1 3.7
Hispanic 16.8 3.9 4.0 4.5 4.4
Asian 27.1 6.1 9.0 8.0 4.0
Other 17.7 4.5 4.9 2.6 5.6
Parents' highest
education
:é%zastciggc’;r oo 15.4 4.6 3.8 3.6 3.4
Some college 17.0 4.6 3.9 3.8 4.7
Bachelor's degree or 21.8 45 6.0 6.1 53

higher

STEM = science, technology, engineering, and mathematics.

@ Hispanic may be any race. Asian, black or African American, white, and other races refer to individuals who
are not of Hispanic origin.
NOTE: Percentages may not add to total because of rounding.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014)
of the 2011-12 National Postsecondary Student Aid Study (NPSAS:12), National Center for Education
Statistics.
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Among all racial and ethnic groups, Asians and Pacific Islanders were the most likely to study STEM subjects. In
2011-12, 27% of Asian and Pacific Islander freshmen were enrolled in STEM fields, compared with 14%-19% of
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other racial and ethnic groups (E8Table 1-21). Higher parental education levels were associated with higher STEM
enrollment rates: 15% of those with high school-educated parents and 22% of those whose parents had a
bachelor's or higher degree enrolled in STEM fields.

For many students, the decision to study STEM has its beginnings before college, and high school academic
preparation plays a critical role (Green and Sanderson 2014; Harris Interactive 2011; Moakler and Kim 2014; Tyson
et al. 2007; Wang 2013). Among first-year college students in 2011-12, both high school mathematics coursetaking
and cumulative grade point average (GPA) were linked to majoring in STEM (iliFigure 1-20). For example, among
college freshmen under age 30, 27% of those who had taken calculus in high school chose a STEM major upon
entering college, including 22% who chose a major in mathematics, natural sciences, engineering, or computer
sciences. The corresponding figures for those who had not taken any mathematics beyond algebra 2 in high school
were 15% and 11%, respectively. Additionally, 21% of freshmen under age 30 with a high school GPA of 3.5 or
higher chose a STEM major after entering college, compared with 16% of those with a GPA below 2.0.
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il Figure 1-20

First-year college students who chose a STEM major, by selected high school academic
characteristics: 2011-12

Higgh school GRA
0.00-2.49
2a0-2489
J.00-3.49
Fa0-4.00

Highest math coursetaking in high schoal

Mone of the courses below

High school academic characteristics

Algebra 2
Trigonometry
Pre-calculus
Calculus
1] 5 10 13 20 25 30
Fercant
Il Mathnatural science/engineering/computer science majors B STEM major

GPA = grade point average; STEM = science, technology, engineering, and mathematics.

NOTES: STEM major field includes mathematics, natural sciences, engineering, computer sciences, and social/behavioral
sciences. Information on high school math coursetaking and GPA is not available for students age 30 or above (about 25% of
all undergraduates in 2011-12).

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014) of
the 2011-12 National Postsecondary Student Aid Study (NPSAS:12), National Center for Education Statistics.
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Postsecondary Enrollment in an International Context

Participation in education beyond secondary schooling has been rising in many countries (Altbach, Reisberg, and
Rumbley 2009; OECD 2014). One measure of such participation is the OECD-developed first-time entry rate into a
university-level education program (referred to as a "tertiary-type A" program by OECD[i]). OECD calculates this
entry rate by dividing the number of first-time entrants of a specific age in university-level education programs by
the total population in the corresponding age group and then adding results for each single year of age. This
calculation may result in very high entry rates (even higher than 100%) if an unexpected category of people (e.g.,
international students) decides to enter tertiary education in a particular country. This measure, though not perfect,
provides a broad comparison of postsecondary enrollment rates in the United States and those in other OECD
countries.



f; National Science Board | Science & Engineering Indicators 2016 1|94

Chapter 1. Elementary and Secondary Mathematics and Science Education

The percentage of American young adults enrolling in university-level education for the first time was 71% in 2012,
surpassing the OECD average of 58% (iliFigure 1—21).[“] The average age of persons enrolling for the first time was
23 in the United States and 22 in all OECD countries with available data (OECD 2014). The United States ranked
eighth out of the 33 countries that participated in this study in 2012. Females enrolled in college at higher rates
than males in many OECD countries, including the United States (Appendix Table 1-32). In 2012, U.S. women
enrolled at a rate 15 percentage points higher than the rate for men (79% among women, compared with 64%
among men). Among all OECD countries, 65% of women and 52% of men enrolled.

[l As defined by OECD, a tertiary-type A program provides education that is largely theoretical and is intended to
provide sufficient qualifications for gaining entry into advanced research programs and professions with high-skill
requirements. Entry into these programs normally requires successful completion of upper secondary education
(e.g., high school). Admission is competitive in most cases. Minimum cumulative duration at this level is 3 years of
full-time enroliment.

[i] OECD calculates entry rates by dividing number of first-time entrants of a specific age in each type of tertiary
program by the total population in the corresponding age group and then adding results for each single year of age.
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il Figure 1-21

First-time entry rates into university-level education, by OECD country: 2012
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SOURCE: OECD, Education at a Glance: OECD Indicators 2014 (2014). See appendix table 1-32.
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Preparation for College

Although more U.S. students than ever attend college after high school, many of them are not well prepared during
their high school years for college, as evidenced by high rates of postsecondary remediation and low rates of
college completion (Roderick, Nagaoka, and Coca 2009; Turner 2004). No direct measures of college readiness are
available, and researchers' estimates often vary. Overall, knowledge about what constitutes being college ready
and how to measure such readiness reliably remains elusive (Maruyama 2012; Roderick, Nagaoka, and Coca 2009)
(see sidebar, ®Measuring College Readiness).

B3 Measuring College Readiness

What does it mean to be college ready? How do we measure it? Addressing these questions requires clear
definitions regarding the knowledge, skills, and attributes that students need to do well in college (Conley
2007). The current literature contains a wide range of definitions and assessments of college readiness,
suggesting a lack of consensus about what constitutes being college ready or how to measure it.
Nevertheless, recent work has made some progress on answering these questions. Drawing on past
research, Roderick, Nagaoka, and Coca (2009) identified four areas of knowledge and skill development
that are essential to college readiness:

® Content knowledge and basic skills (e.g., rules of grammar, concepts of science, spelling rules)

® Core academic skills (e.g., writing, analytic thinking, and problem-solving skills)

® Noncognitive skills (e.g., study skills, work habits, time management, and help-seeking behavior that
reflect students' self-control, self-monitoring, and self-awareness)

® College knowledge (e.g., understanding college admissions and financial aid processes and college
norms and culture)

Gaining access to and succeeding in college require students to have sufficient content knowledge, core
academic skills, and noncognitive skills. Colleges traditionally evaluate their applicants' readiness by looking
at high school transcripts to determine whether students have been exposed to content that prepares them
for introductory college-level courses; achievement test scores to gauge whether students are equipped
with adequate basic and core skills, content knowledge, and cognitive ability; and high school grade point
average (GPA) to assess whether students have mastered class materials, have developed core academic
skills, and possess the work effort and study habits critical to college success (Belfield and Crosta 2012;
Kobrin 2007; Noble and Sawyer 2004; Stemler 2012). Thus, these indicators—high school coursetaking,
achievement test scores (including college entrance exam scores), and GPA—are commonly recognized as
the key components of college readiness (Greene and Winters 2005; Maruyama 2012).

In addition to these indicators, researchers argue that knowledge about college, or lack of such knowledge,
may contribute to disparities in college success. Low-income and minority students who demonstrate the
same academic qualifications as high-income and white students are less likely to attend selective 4-year
institutions. Knowledge of the college application process, the financial aid system, and the range of choices
within the postsecondary system may play a role in students' choices. Despite its importance, measuring
"college knowledge" has not been fully addressed in national surveys (Roderick, Nagaoka, and Coca 2009).
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The question of how to measure college readiness depends on what indicators are used and what outcomes
are assessed—access to a 4-year institution, not needing remediation, success in first-year credit-bearing
courses, and degree completion. To better measure college readiness, some researchers suggest that
assessments of college readiness should use benchmarks with meaning and consequences for students
(i.e., indicators tied to tangible consequence in higher education such as remedial course placement or
receipt of course credits toward graduation); employ multiple and composite measures to maximize the
accuracy of readiness information; and present readiness in terms of probabilities or likelihoods rather than
as a single score designating a student as ready or not ready (Maruyama 2012). In sum, college readiness
is multifaceted, encompassing not just academic preparation but also the knowledge, skills, attitudes, and
behaviors necessary to gain access to college and overcome obstacles on the path to postsecondary
success.
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Conclusion

Raising overall student achievement, reducing performance gaps among different groups, and improving the
international ranking of U.S. students on achievement tests 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, both domestically and in international comparisons.

NAEP mathematics assessment results show that average mathematics scores for fourth and eighth graders
improved slightly between 2000 and 2013, continuing a pattern of small but consistent increases. Overall
mathematics scores for twelfth graders improved slightly between 2005 and 2013. Although the percentage of
fourth, eighth, and twelfth grade students achieving a level of proficient or higher on NAEP assessments increased
slightly between 2000 and 2013, those percentages stayed well below the 50% mark. Between-group differences in
NAEP mathematics performance, based on parent education and race or ethnicity, have persisted over time but
narrowed slightly since 1978. Overall, students from disadvantaged backgrounds continue to lag behind their more
advantaged peers, with these disparities starting as early as kindergarten, as demonstrated in this chapter's
analysis of ECLS-K:2011 kindergarten achievement data. Analysis of HSLS:09 assessment data shows similar
patterns among the nation's eleventh graders. In the international arena, PISA data show that the U.S. average
mathematics and science literacy scores are below the average scores for all developed countries. In addition, the
United States appreciably underproduces students in the highest levels of mathematics achievement relative to
other developed countries. It also moderately underproduces students in the highest levels of science achievement
and, to an extent, overproduces students in the lowest levels of mathematics and science achievement.

Efforts to improve student achievement include raising high school graduation requirements, strengthening the
rigor of curriculum standards, and increasing advanced coursetaking. These efforts have brought some positive
changes, as shown in the discussion of student achievement in this chapter. Most states have adopted the Common
Core State Standards, and the Next Generation Science Standards are bringing attention to the type of science
education needed to keep the United States competitive in the world economy. The majority of high school students
are on track to finish algebra 2 and basic science courses by the end of eleventh grade, and the number of students
who take AP courses in mathematics and science continues to rise. There is still considerable room for
improvement, however. The overall percentage of students taking mathematics and science AP tests remains small,
and wide gaps among students from different socioeconomic backgrounds persist in regard to which students take
more advanced courses during high school. Sex differences are negligible in the preponderance of mathematics and
science achievement and coursetaking. These differences, however, become substantial in the most advanced AP
courses and in high school courses in computer science and engineering.

Efforts to improve student achievement also focus on ensuring that all students have access to highly qualified
teachers, although there is not a consensus on what constitutes a "highly qualified" teacher. The majority of K—12
mathematics and science teachers held a teaching certificate and had taught their subjects for 3 years or more.
Indicators of in-field teaching and undergraduate coursework suggest that high school mathematics and science
teachers were generally better prepared for their teaching subjects than were middle and elementary school
teachers. Fully certified, well-prepared, and experienced teachers were not evenly distributed across schools or
classes. Overall, schools or classes that had lower concentrations of non-Asian or Pacific Islander minority and
low-income students and higher concentrations of high-achieving students were more likely to have fully certified
and better-prepared mathematics and science teachers. Working conditions were also not evenly distributed across
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schools: high-poverty schools were more likely to suffer from various problems that inhibit effective teaching,
including low student interest, high absenteeism, inadequate teacher preparation, and lack of materials and
supplies.

Recent federal and state policies encourage greater use of technology throughout the education system as a way 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. The humber of
students participating in online learning courses is also rising, jumping from 317,000 in 2003 to an estimated 1.8
million in 2010. Rigorous research on the effects of instructional technology and online learning shows some
modest positive effects on student mathematics learning, but far 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. Since 2006, the U.S. on-time high school graduation rates have
improved steadily. In 2012, the vast majority of public high school students graduated with a regular diploma 4
years after entering ninth grade. Significant racial and ethnic and sex differences persisted, however, with white,
Asian or Pacific Islander, and female students having higher graduation rates than their corresponding
counterparts. In the broad international context, the United States ranked 22nd in graduation rates among 28
OECD countries with available data in 2012, and its relative standing has not changed in recent years.

The vast majority of high school seniors expect to attend college after completing high school, and many do so
directly after high school graduation. Immediate college enrollment rates have increased for all students from 1975
to 2013. Large gaps persisted among students from different socioeconomic backgrounds. In 2013, the immediate
college enrollment rate of students from low-income families was 33 percentage points lower than the rate of those
from high-income families.
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Glossary

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 curricula and exams for AP
courses, available for a wide range of academic subjects, are developed by the College Board.

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.”

Developed country: A developed country, industrialized country, or *more economically developed country”
(MEDC), is a sovereign state that has a highly developed economy and advanced technological infrastructure
relative to other less industrialized nations. Most commonly, the criteria for evaluating the degree of economic
development are gross domestic product (GDP), gross national product (GNP), the per capita income, level of
industrialization, amount of widespread infrastructure and general standard of living. Which criteria are to be used
and which countries can be classified as being developed are subjects of debate.

Developing country: A developing country, also called a lower developed country, is a nation with an
underdeveloped industrial base, and low Human Development Index (HDI) relative to other countries.

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 schools: Schools that have 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 for family poverty. Eligibility information is part of the
administrative data kept by schools and is based on parent-reported family income and family size.

English language learner: An individual who, due to any of the reasons listed below, 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 environments 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 following successful completion of 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 to that of high school graduates.

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.

High schools: Schools that have at least one grade higher than 8 and no grade in K-6.
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Middle schools: Schools that have any of grades 5-8 and 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, United Kingdom, and United States. Among its many
activities, the OECD compiles social, economic, and science and technology statistics for all member and selected
non-member countries.

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.

Professional development: In-service training activities designed to help teachers improve their subject matter
knowledge, acquire new teaching skills, and stay informed about changing policies and practices.

Remaedial 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, and then looks at the performance of a similar group of students at a later point in time. An
example would be comparing fourth graders in 1990 to 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.
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Characteristics of the U.S. Higher Education System

Doctorate-granting institutions with very high research activity, although few, are the leading
producers of S&E degrees at the bachelor’s, master’s, and doctoral levels, but other types of
institutions are also important in educating S&E graduates.

® In 2013, doctorate-granting institutions with very high research activity awarded 73% of doctoral
degrees, 41% of master’s degrees, and 37% of bachelor’s degrees in S&E fields.

® Master’s colleges and universities awarded 29% of all S&E bachelor’s degrees and 26% of all S&E
master’s degrees in 2013.

About 30% of Hispanic S&E doctorate recipients who earned their doctorates between 2009 and 2013 had
obtained their baccalaureate credential at a high Hispanic enrollment institution, and 25% 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 2009
to 2013 had earned some college credit from a community or 2-year college.

Higher education spending and revenue patterns and trends underwent substantial changes over the

last two decades.

® Between 1987 and 2012, average revenue per full-time equivalent (FTE) student from net tuition at

public very high research universities nearly tripled, whereas state and local appropriations fell by nearly
40%.

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 nearly 80% between 1987 and 2012, and research expenditures per FTE student
grew by 75% in the same period. In private very high research universities, revenues from federal
appropriations, grants, and contracts per FTE student grew by 60%, and research expenditures per FTE
increased by 90%.

Between 2008 and 2010, expanding enrollment in community colleges, coupled with reductions in state
and local appropriations, contributed to a 10% reduction in instructional spending per FTE student.
Instructional spending per FTE student continued to decline in 2011 but increased in 2012, with a larger
drop in enrollment as the U.S. economy improved.

Between 2009-10 and 2014-15, estimated average net tuition and fees paid by full-time
undergraduate students in public 4-year colleges increased by about 50% after adjusting for
inflation.

® Undergraduate debt varies by type of institution and state. Among recent recipients of S&E bachelor’s

degrees, the level of undergraduate debt is somewhat higher for degree holders in the life sciences and in

the social and related sciences, but overall it does not vary much by major.

® |evels of debt of doctorate recipients vary by field. In S&E fields, high levels of graduate debt were most

common among doctorate recipients in the social sciences, psychology, and the medical and other health

sciences.
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® At the time of doctoral degree conferral, 45% of 2013 S&E doctorate recipients had debt related to their
undergraduate or graduate education.

Undergraduate Education, Enrollment, and Degrees

Undergraduate enroliment in U.S. higher education rose from 13.3 million in 2000 to 17.7 million in
2013. The largest increases coincided with the two economic downturns in 2000-02 and 2008-10,
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 bachelor’s degrees has risen steadily over the past 13 years, reaching a new
peak of more than 615,000 in 2013. The proportion of all bachelor’s degrees awarded in S&E relative
to degrees in all fields has remained stable at about 32% during this period.

® All S&E fields experienced increases in the numbers of bachelor’s degrees awarded in 2013, 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.

® Between 2000 and 2013, the proportion of S&E bachelor’s degrees relative to degrees in all fields
awarded to women remained flat. During this period, it declined in computer sciences, mathematics,
physics, engineering, and economics.

The racial and ethnic composition of those earning S&E bachelor’s degrees is changing, reflecting
both population changes and increases in college attendance by 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 2013, the share of bachelor’s degrees awarded to Hispanics among U.S. citizens and
permanent residents increased from 7% to 11%, both 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.

The number of international undergraduate students in the United States increased by more than
50% between fall 2008 and fall 2014.

® The number of international undergraduate students grew considerably between fall 2011 and fall 2012.
Between fall 2012 and fall 2014, the numbers continued to increase but at a somewhat slower rate.

® Between fall 2013 and fall 2014, the largest increases in international students enrolled in S&E fields were
in computer sciences, mathematics, engineering, and the physical sciences.
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® In fall 2014, China, Saudi Arabia, and South Korea were the top countries sending undergraduates to the
United States, both in S&E and in non-S&E fields.

At the bachelor’s level, attrition from science, technology, engineering, and mathematics (STEM)
majors (i.e., mathematics, physical sciences, biological and life sciences, computer and information

sciences, engineering and engineering technologies, and science technologies) was lower than in
many non-STEM fields.

® About half of the beginning bachelor’s degree students who declared these STEM majors between 2003
and 2009 had either left school altogether by spring 2009 (20%) or left STEM for another field (28%).

® Bachelor’s degree students in the humanities, education, and health sciences had higher attrition rates
(56%-62%) than students in STEM fields (48%), in the social and behavioral sciences (45%), and in
business (50%).

® At the associate’s level, attrition was higher than at the bachelor’s level (69%) and was similar in STEM
and non-STEM fields.

Graduate Education, Enrollment, and Degrees

Graduate enrollment in S&E increased from about 493,000 to more than 615,000 between 2000 and
2013.

® Graduate enrollment grew in most S&E fields, with particularly strong growth in engineering and in the
biological and social sciences.

Women continued to enroll at disproportionately low rates in engineering (24%), computer sciences
(26%), physical sciences (33%), and economics (37%).

In 2013, underrepresented minority students (blacks, Hispanics, and American Indians and Alaska
Natives) made up 12% of all students enrolled in graduate S&E programs. Asians and Pacific Islanders
represented 6%, and whites represented 44%. Temporary residents accounted for almost one-third of
graduate S&E enrollment.

In 2013, the federal government was the primary source of financial support for 17% of full-time
S&E graduate students, the lowest proportion since at least 1998.

® The recent decline in the share of S&E graduate students with federal financial support was especially
pronounced in the biological sciences (from 35% in 1998 to 29% in 2013) and in the physical sciences
(from 35% in 1998 to 28% in 2013).

® In 2013, the federal government funded 60% of S&E graduate students with traineeships, 48% of those

with research assistantships, and 23% 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.

Between fall 2013 and fall 2014, the number of international graduate students increased by 18% in
S&E fields and by 6% in non-S&E fields.

® A larger proportion of international graduate students than international undergraduate students enrolled
in S&E. More than 6 out of 10 international graduate students in the United States in fall 2014 were
enrolled in S&E fields, compared with almost 4 in 10 international undergraduates.
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® Between fall 2013 and fall 2014, the number of international graduate students enrolled in S&E fields
increased most in computer sciences and engineering.

® In fall 2014, more than two-thirds of the international S&E graduate students in the United States came
from China and India.

Master’s degrees awarded in S&E fields increased from about 96,000 in 2000 to about 166,000 in
2013. In this period, the growth of S&E degrees at the master’s level (73%) was higher than growth
at the bachelor’s (54%) and doctoral levels (47%).

® The number of master’s degrees awarded in engineering in 2013 was the highest in the last 14 years. The
number of master’s degrees in computer sciences awarded in 2013 surpassed its peak in 2004.

® Increases occurred in most major S&E fields, with the largest in engineering, psychology, and political
sciences and public administration.

® 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
2013. While the proportion of degrees earned by blacks and Hispanics increased, that of Asians and
Pacific Islanders and American Indians and Alaska Natives remained flat, and that of whites decreased.

In 2013, U.S. academic institutions awarded about 39,000 S&E doctorates (excluding other health
sciences).

® The number of S&E doctorates conferred annually by U.S. universities increased steadily from 2002 to
2008 then flattened and declined slightly in 2010 but has been growing since then.

® Among fields that award large numbers of doctorates, the biggest increases in degrees awarded between
2000 and 2013 were in engineering (76%) and in the biological sciences (57%).

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 2013, international students earned 57% of all engineering doctorates, 56% of all economics
doctorates, 53% of all computer sciences doctorates, and 44% of all physics doctorates. Their overall
share of S&E degrees was 37%.

® After steep growth from 2002 to 2008, the number of temporary residents earning S&E doctoral degrees
declined through 2010 but has been growing since then.

International S&E Higher Education

In 2012, more than 6 million first university degrees were awarded in S&E worldwide. Students in
China earned about 23%, those in the European Union earned about 12%, and those in the United
States earned about 9% of these degrees.

® Between 2000 and 2012, the number of S&E first university degrees awarded in China, Taiwan, Germany,
Turkey, and Mexico at least doubled. It rose more slowly (by about 50%) in Australia, the United States,
and Poland, and declined in France, Japan, and Spain.

® S&E degrees continue to account for about one-third of all bachelor’s degrees awarded in the United
States. In Japan, nearly 6 out of 10 first degrees were awarded in S&E fields in 2012; in China, nearly
half.
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® In the United States, about 5% of all bachelor’s degrees awarded in 2012 were in engineering. This
compares with about 17% throughout Asia and nearly one-third (32%) in China.

In 2012, the United States awarded the largest number of S&E doctoral degrees of any individual
country, followed by China, Germany, and the United Kingdom.

® 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.

In 2007, China overtook the United States as the world leader in the humber of doctoral degrees awarded
in the natural sciences and engineering; since 2010, this number in China was fairly stable.

International student mobility expanded over the past two decades, as countries are increasingly
competing for international students.

® The United States remains the destination for the largest number of internationally mobile students
worldwide (undergraduate and graduate), although its share decreased from 25% in 2000 to 19% in
2013.

® In addition to the United States, other countries that are among the top destinations for international
students include the United Kingdom, France, Australia, and Germany.



I\*:'5" National Science Board | Science & Engineering Indicators 2016 219

Chapter 2. Higher Education in Science and Engineering

Introduction

Chapter Overview

Higher education develops human capital; builds the knowledge base through research and knowledge
development; and disseminates, uses, and maintains knowledge (OECD 2008). S&E higher education provides the
advanced skills needed for a competitive workforce and, particularly in the case of graduate-level S&E education,
the research capability necessary for innovation. This chapter focuses on the development of human capital through
higher education.

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 very rapid growth in the delivery of online courses; the
consequences of these changes are not well understood.

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 attracting growing numbers of international students.
Nevertheless, increases in international students contributed to most of the growth in overall S&E graduate
enrollment in the United States in recent years. Following a decline in the number of international students coming
to the United States after 11 September 2001, international student enrollment in S&E has recovered.

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.[i]
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 data in this chapter come from a variety of federal and nonfederal sources, primarily surveys conducted by the
National Science Foundation’s (NSF’s) National Center for Science and Engineering Statistics (NCSES) and the
National Center for Education Statistics (NCES) at the U.S. Department of Education. Data also come from
international organizations, such as the Organisation for Economic Co-operation and Development (OECD) and the
United Nations Educational, Scientific and Cultural Organization (UNESCO) Institute for Statistics (UIS), as well as
individual countries. Most of the data in this chapter are from censuses of the population—for example, all students
receiving degrees from U.S. academic institutions—and are not subject to sampling variability.

Data on postdoctoral scientists and engineers are included in chapters 3 and 5. Data on stay rates of doctorate
recipients are included in chapter 3.
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The U.S. Higher Education System

Higher education in S&E produces an educated S&E workforce and an informed citizenry. It has also received
increased attention as an important component of U.S. economic competitiveness. In his 24 February 2009 address
to a joint session of Congress, President Barack Obama called for every American to commit to at least 1 year of
education or career training after completing high school. A 2012 report by the President’s Council of Advisors on
Science and Technology (PCAST 2012) states that economic forecasts point to a need to increase the proportion of
college graduates going into the natural sciences and engineering over the next decade. This section discusses the
characteristics of U.S. higher education institutions providing S&E education and the financing of higher education.

Institutions Providing S&E Education

The U.S. higher education system consists of a large nhumber of diverse academic institutions that vary in their
missions, learning environments, selectivity levels, religious affiliations, types of students served, types of degrees
offered, and sectors (public, private nonprofit, or private for-profit) (Kena et al. 2014). There were approximately
4,700 postsecondary degree-granting institutions in the United States in the 2013-14 academic year. Of these,
64% offered bachelor’s or higher degrees, 30% offered only associate’s degrees, and 6% offered degrees that were
at least 2-year but less than 4-year as the highest degree awarded (EETable 2-1). More than half of the institutions
offering bachelor’s degrees or above are private nonprofit, 23% are public, and 25% are private for-profit. The
majority of the institutions granting associate’s degrees are public (53%) or private for-profit (42%) (ETable 2-1).
In 2013, U.S. academic institutions awarded nearly 3.7 million associate’s, bachelor’s, master’s, and doctoral
degrees; 25% of the degrees were in S&E (Appendix Table 2—1).“] Public institutions produce a larger share of
bachelor’s and higher-level degrees than private institutions. In 2013, public institutions awarded 63% of all
bachelor’s and doctoral degrees awarded in the United States and 46% of the master’s degrees awarded (B Table
2-2).

[l For a crosswalk between the Classification of Instructional Programs codes and the academic fields in enrollment
and completion tables, see https://webcaspar.nsf.gov/Help
/dataMapHelpDisplay.jsp?subHeader=DataSourceBySubject&type=DS&abbr=DEGS&noHeader=1&JS=No, accessed
16 June 2015.

Degree-granting institutions, by control and highest degree awarded:

BH Table 2-1
2013-14
. All degree-granting . Private Private
allslisasClE eIt institutions Rl nonprofit for-profit
Total 4,724 1,625 1,675 1,424
Associate's degree 1,410 743 80 587
At least 2 years but less than 4 years 275 191 8 76
Bachelor's degree or above 3,039 691 1,587 761

SOURCE: U.S. Department of Education, National Center for Education Statistics, Integrated Postsecondary Education
Data System, Institutional Characteristics component, 2013-14.
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FH Table 2-2 Degree awards, by degree level and institutional control: 2013

rivete nonprOﬁt rivate for_prOﬁt

Bachelor's 1,861,034 1,171,656 547,408 141,970
Master's 756,975 347,706 330,990 78,279
Doctorate 64,887 41,021 20,308 3,558

SOURCES: National Center for Education Statistics, Integrated Postsecondary Education Data System, Completions
Survey; National Science Foundation, National Center for Science and Engineering Statistics, WebCASPAR
database, http://webcaspar.nsf.gov.
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Although few in nhumber, doctorate-granting institutions with very high research activity are the leading producers
of S&E degrees at the bachelor’s, master’s, and doctoral levels. In 2013, these research institutions awarded 73%
of doctoral degrees, 41% of master’s degrees, and 37% of bachelor’s degrees in S&E fields (Appendix Table 2-1)
(see sidebar, B Carnegie Classification of Academic Institutions). Master’s colleges and universities awarded another
29% of S&E bachelor’s degrees and 25% of S&E master’s degrees in 2013.

B3 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. It includes 4,634 institutions, 483 of
which were added after the 2005 update. More than three-quarters of the new institutions (77%) are from
the private for-profit sector, 19% are from the private nonprofit sector, and 4% are 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 (108
institutions), high research activity (99 institutions), and doctoral/research universities (90
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 724 institutions that award at least 50 master’s
degrees and fewer than 20 doctoral degrees per year.

® Baccalaureate colleges include the 810 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 colleges include the 1,920 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.
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® Special-focus institutions are the 851 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 32 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 a larger proportion of future S&E doctorate recipients (14%) (NSF/NCSES 2013). When adjusted by
the number of bachelor’s degrees awarded in all fields, 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 (NSF/NCSES 2008, 2013).

Minority-serving academic institutions enroll a substantial fraction of underrepresented minority undergraduates
(NSF/NCSES 2015c).[”] In 2012, historically black colleges and universities (HBCUs) awarded 18% of the 50,000
S&E bachelor’s degrees earned by black U.S. citizens and permanent residents, and high Hispanic enroliment
institutions (HHEs) awarded about 34% of the 58,000 S&E bachelor’s degrees earned by Hispanics. However, the
proportion of blacks earning S&E bachelor’s degrees from HBCUs and the proportion of Hispanics earning S&E
bachelor’s degrees from HHEs have both declined in the recent past. Tribal colleges, which mainly offer 2-year
degrees, account for about 2% of S&E bachelor’s degrees awarded to American Indians; this proportion has been
fairly stable over time. [11]

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 2009 and 2013, about 30% had obtained their
baccalaureate credential at an HHE (i Table 2-3). Similarly, 25% of black S&E doctorate recipients had obtained
their baccalaureate degree at an HBCU during the same period (EBTable 2-4), making HBCUs the second-largest
contributor of black S&E doctorate recipients, behind only institutions with very high research activity (NSF/NCSES
2013).

[ii] Minority-serving academic institutions include historically black colleges and universities (HBCUs), high Hispanic
enrollment institutions (HHEs), and tribal colleges. HBCUs are listed by the White House Initiative on Historically
Black Colleges and Universities. The Higher Education Act of 1965, as amended, defines an 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, and that is accredited by a nationally recognized accrediting agency or association
determined by the Secretary [of Education] to be a reliable authority as to the quality of training offered or is,
according to such an agency or association, making reasonable progress toward accreditation.” HHEs are those
public and private non-profit institutions whose undergraduate, full-time equivalent student enrollment is at least
25% Hispanic, according to fall 2011 data in the IPEDS, directed by the National Center for Education Statistics.
Tribal colleges are fully accredited academic institutions on a list maintained by the White House Initiative on Tribal
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Colleges and Universities. These institutions are included in the Tribal Colleges category in the basic classification
scheme of the 2010 Carnegie Classification of Institutions of Higher Education. See http:/
/carnegieclassifications.iu.edu/.

[ii] See (NSF/NCSES 2015c, tables 5-8-5-10) for additional details.

U.S. citizen and permanent resident S&E doctorate recipients whose
FH Table 2-3 baccalaureate origin is a high Hispanic enroliment institution, by ethnicity
and race: 2009-13

Earned baccalaureate degree from a high Hispanic enrollment

institution
I N N T
All ethnicities and races 109,106 4,958 104,148
Hispanic or Latino 6,509 1,938 4,571 29.8
Not Hispanic or Latino
ﬁr;lie\ll'iecan Indian or Alaska 353 26 327 7.4
Asian 10,926 251 10,675 2.3
Black or African American 5,516 240 5,276 4.4
White 80,008 2,237 77,771 2.8
More than one race 2,619 126 2,493 4.8
Other race or race not reported 899 42 857 4.7
Ethnicity not reported 2,276 98 2,178 4.3
NOTE: Reporting categories for ethnicity and race were expanded in 2013; comparisons with prior-year data should

be made with caution.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014)
of the 2013 Survey of Earned Doctorates.
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U.S. citizen and permanent resident S&E doctorate recipients whose

& Table 2-4 baccalaureate origin is an HBCU, by ethnicity and race: 2009-13

Earned baccalaureate degree from an HBCU

All ethnicities and races 109,106 1,590 107,516
Hispanic or Latino 6,509 23 6486 0.4
Not Hispanic or Latino
American Indian or Alaska Native 353 D D D

Asian 10,926 10 10,916 0.1
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Earned baccalaureate degree from an HBCU

Black or African American 5,516 1,389 4,127 25.2
White 80,008 87 79,921 0.1
More than one race 2,619 42 2,577 1.6
Other race or race not reported 899 D D D
Ethnicity not reported 2,276 30 2246 1.3

D = suppressed to avoid disclosure of confidential information.
HBCU = historically black college or university.

NOTE: Reporting categories for ethnicity and race were expanded in 2013; comparisons with prior-year data should
be made with caution.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014)
of the 2013 Survey of Earned Doctorates.
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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 are important in preparing
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).

In the 2013-14 academic year, there were nearly 950 community colleges in the United States, enrolling 6.6
million students, or nearly one-third of all postsecondary students (NCES 2015). More than 6 out of 10 community
college students were enrolled part time. With the economic recession between 2007 and 2010, enrollment in
community colleges increased by about 910,000 students; however, it has declined by nearly 600,000 between
2010 and 2013 as the labor market improved (Knapp, Kelly-Reid, and Ginder 2009, 2011; Ginder, Kelly-Reid, and
Mann 2014).

Community colleges play a significant role in the education of individuals who go on to acquire advanced S&E
degrees. About 18% of recent (2009-13) U.S. citizen and permanent resident S&E doctorate holders reported
earning some college credit from a community or 2-year college (EETable 2-5). According to 2013 data from the
National Survey of College Graduates (NSCG), 47% of all recent S&E graduates had done some coursework in a
community college, similar to the proportion in 2003 (48%).[“’] Recent S&E bachelor’s degree earners reported
slightly higher levels of community college course taking than did recent S&E master’s degree holders (49% versus
39%). Graduates in the physical sciences and engineering were less likely than those in the biological and social
sciences to have attended a community college.

(V] For the 2003 NSCG, recent graduates include those who received their most recent degree between 1 July 1994
and 30 June 1999; for the 2013 NSCG, recent graduates include those who received their most recent degree in the
5 years between 1 July 2006 and 30 June 2011.
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U.S. citizen and permanent resident S&E doctorate recipients who reported
FH Table 2-5 earning college credit from a community or 2-year college, by ethnicity and
race: 2009-13

Earned college credit from a community or 2-year college

EthnICIty and e Yes (0/0)

All ethnicities and races 107,376 19,774 87,602 18.4
Hispanic or Latino 6,306 1,375 4,931 21.8

Not Hispanic or Latino

American Indian or Alaska Native 347 112 235 32.3
Asian 11,003 1,393 9,610 12.7
Black or African American 5,433 981 4,452 18.1
White 79,407 14,918 64,489 18.8
More than one race 2,606 559 2,047 21.5
Other race or race not reported 857 201 656 23.5
Ethnicity not reported 1,417 235 1,182 16.6
NOTES: Includes only respondents to the community college question. Reporting categories for ethnicity and race were

expanded in 2013; comparisons with prior-year data should be made with caution.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2014)
of the 2013 Survey of Earned Doctorates.
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In 2013, recent female S&E bachelor’s and master’s degree recipients were more likely than their male
counterparts to have attended a community college (B Table 2-6). Attendance levels as measured by the proportion
who attended 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, the proportion attending community
college was highest among Hispanics and lowest among Asians. Attendance at the community college level fell with
rising parental education level, illustrating the special access function of these institutions.

Community college attendance among recent recipients of S&E degrees, by
sex, race, ethnicity, citizenship status, and parents' education level: 2013

Characteristic Percent who attended community college

fH Table 2-6

All recent S&E degree recipients 1,164,000 47
Sex
Female 579,000 50

Male 585,000 44
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Characteristic Percent who attended community college

Race or ethnicity

American Indian or Alaska Native 1,000 40
Asian 130,000 37
Black or African American 97,000 51
Hispanic® 176,000 57
Native Hawaiian or Other Pacific Islander 4,000 64
White 715,000 46
More than one race 40,000 55

Citizenship status

U.S. citizen 1,116,000 50
Permanent visa 33,000 36
Temporary visa 15,000 9

Father’s education

Less than high school 100,000 57
High school diploma or equivalent 270,000 54
Some college, vocational, or trade school 263,000 52
Bachelor’s 266,000 42
Master’s 152,000 42
Professional degree 48,000 33
Doctorate 44,000 34
Not applicable 19,000 51

Mother’s education

Less than high school 100,000 55
High school diploma or equivalent 271,000 50
Some college, vocational, or trade school 307,000 50
Bachelor’s 282,000 43
Master’s 157,000 42
Professional degree 18,000 31
Doctorate 17,000 39

Not applicable 12,000 53
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@ 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.

NOTES: Recent S&E degree recipients are those who earned their bachelor's or master's degrees between 1 July 2006
and 30 June 2011. Data are rounded to the nearest 1,000.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2015)
of the 2013 National Survey of College Graduates.
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About one in four of the recent S&E graduates who indicated attending a community college reported doing so after
high school but before ever 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 in dual enroliment. Another one-third attended a community college after receiving their first
bachelor’'s degree. One in 10 reported taking courses in a community college after leaving a 4-year college without
receiving their first bachelor’s degree.l'V!

The most prevalent reason for attending a community college among recent recipients of S&E bachelor’s and
master’s degrees was to earn credits toward a bachelor’s degree (31%). Other reasons mentioned included
financial reasons (13%); to prepare for college to increase the chance of acceptance at a 4-year institution (12%);
to earn credits while still completing high school (10%); to complete an associate’s degree (8%); to gain further
skills or knowledge in their academic or occupational fields (8%); to facilitate a change in their academic or
occupational fields (7%); for leisure or personal interest (5%); to increase opportunities for promotion,

advancement, or higher salary (2%); and for other reasons (5%).[":I
For-Profit Institutions

In 2013-14, more than 1,400 degree-granting institutions in the United States operated on a for-profit basis; 53%
of these were 4-year institutions (B Table 2-1). Over the last 10 years, the number of degree-granting, for-profit
institutions has grown by nearly 67% (NCES 2015). For-profit institutions enroll considerably fewer students than
public institutions, particularly at the 2-year level; in 2013, nearly 6.9 million students were enrolled in community
colleges, compared with 155,000 students enrolled in 2-year, for-profit institutions.[V!] For-profit institutions play a
disproportionate role in the education of blacks, who are more likely than other racial or ethnic groups to enroll in
private for-profit academic institutions (NSF/NCSES 2015c). Although the number of degrees awarded by for-profit
institutions nearly quadrupled between 2000 and 2013, the upward trend has recently stopped. Enrollment in
for-profit institutions has declined by about 16% since 2010, and the number of degrees they awarded in 2013 was
4% lower than in the previous year (Appendix Table 2-2).

(V] Special tabulation from the 2013 NSCG.
(V] Special tabulation from the 2013 NSCG.

[vi] Special tabulation from the Integrated Science and Engineering Resources Data System (WebCASPAR) database
(12 December 2014 run).

In 2013, for-profit academic institutions awarded between 2% and 6% of S&E degrees at the bachelor’s, master’s,
and doctoral levels, as well as 25% of S&E degrees at the associate’s level (Appendix Table 2-1 and Appendix Table
2-2). Computer sciences accounted for 74% of the associate’s degrees and 47% of the bachelor’s degrees awarded
by for-profit institutions in S&E fields in 2013 (Appendix Table 2-3). For-profit institutions awarded fewer S&E
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master’s and doctoral degrees than associate’s and bachelor’s degrees. At the master’s level, S&E degrees were
mainly in psychology, social sciences, and computer sciences; at the doctoral level, they were almost exclusively in
psychology and social sciences. In 2013, degrees in psychology represented nearly 41% of the master’s and 74%
of the doctoral degrees awarded by for-profit institutions in S&E fields. Degrees in social sciences accounted for
32% of the master’s and 18% of the doctoral degrees awarded in S&E fields.

Online and Distance Education

Online and distance 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 similar challenges. Distance education has been
around for more than 100 years (Perna et al. 2014), whereas online education is a relatively new phenomenon.

Online enrollment has grown substantially in recent years. According to a report by Allen and Seaman (2014),
between fall 2011 and fall 2012, the number of students taking at least one online course increased by nearly
412,000 to 7.1 million. According to Integrated Postsecondary Education Data System (IPEDS) 2012 Fall Enrollment
survey data, 13% 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 13% were enrolled in distance
education and regular on-campus courses; however, about 74% of these students were not enrolled in any distance
education course at all (EBTable 2-7) (Ginder 2014).["”] 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. Enrollment 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 enrollment in some distance education courses was higher at the undergraduate level
rather than the graduate level.

Vil 1 2011-12, IPEDS began asking institutions whether they were exclusively a distance education institution
(i.e., whether all of 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
http://nces.ed.gov/ipeds/glossary/.

Enroliment in Title IV institutions, by distance education enroliment status,

fH Table 2-7 control, and level of institution: Fall 2012

(Percent)

Institutional control and All Exclusively distance Some distance No distance
level (number) education courses education courses education courses

Total enrollment

Number 21,147,055 2,642,158 2,809,942 15,694,955

Percent 100 13.3 13.0 74.2
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Institutional control and All Exclusively distance Some distance No distance
level (number) education courses education courses education courses

Degree level

Undergraduate 18,236,340 11.0 14.2 74.9
Degree 16,225,545 11.1 15.2 73.7
/certificate-seeking
Non-degree 1,623,082 11.9 7.0 81.1
/certificate-seeking

Graduate 2,910,715 22.0 7.8 70.2

Control and level of
institution

Public
2-year 6,845,174 9.8 17.3 72.9
4-year 8,092,727 7.1 15.1 77.8

Private nonprofit
2-year 47,524 1.7 4.6 93.7
4-year 3,916,356 11.9 6.6 81.5

Private for-profit
2-year 413,377 5.3 4.8 90.0
4-year 1,470,191 61.3 8.3 30.4

Institutional category
All degree-granting 20,642,819 12.8 13.6 73.6
All
504,236 0.7 0.8 98.5

non-degree-granting

NOTE: 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.

SOURCES: U.S. Department of Education, National Center for Education Statistics (NCES), Integrated Postsecondary
Education Data System, Fall 2012, Fall Enrollment Component; NCES, 2014, and Enrollment in Distance
Education Courses, by State: Fall 2012. NCES 2014-023. Washington DC. http://nces.ed.gov/pubs2014
/2014023.pdf. Accessed 3 February 2015.
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Allen and Seaman’s most recent survey of academic leaders revealed that 90% of them believe that it is “likely” or
“very likely” that a majority of all higher education students will take at least one online course within 5 years
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(Allen and Seaman 2014). The survey also showed that a very small segment of higher education institutions (5%)
are experimenting with massive open online courses (MOOCs). Doctoral research institutions were much more likely
than other types of institutions to offer a MOOC.

MOOCs can provide broad access to higher education for free or at a very low cost. 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 17 online
courses offered by HarvardX and MITx on the edX platform reveals that completion rates were low (Ho et al. 2014).
Vil out of more than 840,000 registrants in these courses, 5% earned certificates of completion, but 4% explored
more than half of the content of the course without receiving their certification, and 54% accessed less than half of
the course content. Ho and colleagues (2014) point out that open online registration in a MOOC is different from
enrollment in traditional courses because students can enroll at no monetary cost and with a small time
commitment. Others emphasize that many students register for MOOCs to explore the course material and do not
intend to complete the courses in which they enroll. The low overall completion rates do not take into account
students’ intentions (Ho et al. 2014).

Online education companies offering MOOCs have recently expanded their offerings to certificate programs. For
instance, Coursera began to offer courses in its fee-based Signature Track with a variety of specializations, most of
which are in practical fields such as project management, cloud computing, and data mining (Kolowich 2014).
Udacity partnered with AT&T to offer “nanodegrees” that teach students a specific set of skills that can be clearly
applied to a job; AT&T accepts the nanodegrees as a credential for entry-level jobs and has reserved 100
internships for its graduates (Porter 2014). The Georgia Institute of Technology, 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 is to create a
master’s degree program that is just as rigorous as the one offered on campus but at a much lower cost.

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.

Vil 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” (Ho et al. 2014).

Trends in Higher Education Expenditures and Revenues

Higher education spending and revenue patterns changed substantially over the last two decades, 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 in 2011-13 (Appendix Table 2-4), these challenges have remained.
This section shows trends in inflation-adjusted average spending and revenue per full-time equivalent (FTE) student
from 1987 to 2012,“] based on data from the Delta Cost Project.[”]
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Very High Research Universities—Public and Private Institutions

Net tuition and federal appropriations, grants, and contracts are two large sources of revenues centrally involved
with education for both public and private very high research institutions (Appendix Table 2-5).[1 For public
institutions, state and local appropriations are also critical, supplying an amount of revenue similar to either of the
other two sources (nearly $8,500 per FTE in 2012); in contrast, they are a small source of revenue for their private
counterparts (about $400 per FTE in 2012). Much more important for private institutions are private and affiliated
gifts, investment returns,[i"] and endowment income, which are usually the largest sources of revenue other than
that from hospitals and other independent operations.[v]

State and local appropriations for public very high research universities have declined since 1987, with a
particularly steep drop between 2008 and 2012 (liFigure 2-1). This decline coincided with a compensating increase
in net tuition. In 1987, average state appropriations per FTE at public very high research institutions were more
than three times the amount of net tuition ($13,800 versus $4,000). By 2012, however, appropriations had
dropped to almost $8,500 per FTE, whereas net tuition had increased from about $4,000 to about $11,100 per FTE
(Appendix Table 2-5). This change represents a shift in tuition burden from state and local governments to
individual students and their families. Starting at a higher level, net tuition at private very high research
universities also increased during this period. The increase, from almost $17,000 to almost $25,000, was
proportionally much smaller.

[i] FTE enroliments are derived from the “Enroliment by Race/Ethnicity” section of the IPEDS Fall Enroliment 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 enrollment is then
added to the institution’s FTE. This formula is used by the U.S. Department of Education to produce the FTE
enrollment data published annually in the Digest of Education Statistics.

[i] For the definition of “net tuition revenue,” see “Glossary.” Definitions of standard expense categories are
available in the Data Dictionary at http://www.deltacostproject.org/delta-cost-project-database, and an explanation
of revenue sources is available at http://www.deltacostproject.org/sites/default/files/products
/Revenue_Trends_Production.pdf.

(il 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.

[V] Investment returns include both 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. So investment returns may not always represent revenue for the institution.

V1 1n 2012, income from private and affiliated gifts, investment returns, and endowment income at private very
high research institutions was $37,000 per FTE compared with $25,000 in income from net tuition and $28,000 in
income from federal appropriations (appendix table 2-5).
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ill Figure 2-1

Selected average revenues and expenditures at public very high research universities: 1987-2012
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SOURCE: IPEDS Analytics: Delta Cost Project Database, 1987-2012, special tabulations (2015).
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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 2-5). Between 1987 and 2012, revenue per FTE
from these funds increased at public and private very high research institutions. At the public universities, these
funds increased by 78%, reaching a level similar to the state and local appropriations (about $8,700). At private
very high research institutions, the funds increased by about 60% in this 25-year period.

Research and instruction are the two largest core education expenditures at public and private very high research
universities. Between 1987 and 2012, research expenditures per FTE increased substantially at both types of
institutions—by 90% at private universities and by 75% at their public counterparts (iliFigure 2-2; Appendix Table
2-6). See chapter 5 section Academic R&D, by Public and Private Institutions for greater deatil on university

research spending.
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il Figure 2-2

Average expenditures per FTE on research at public and private very high research universities:
1987-2012
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Instructional spending per FTE followed a pattern similar to that of research expenditures. It was much higher at
private very high research institutions than at their public counterparts, and it increased at a higher rate. In the
late 1980s and early 1990s, instructional spending at private very high research universities was slightly more than
double that of the public universities. By the mid-2000s, it was more than triple (\liFigure 2-3).
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il Figure 2-3

Average expenditures per FTE on instruction at public and private very high research universities:
1987-2012
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Most other expenditures also increased at both types of very high research institutions; however, at the public
ones, spending on plant operation and maintenance declined from 2007 to 2010, with a sharp drop between 2009
and 2010; in 2011 and 2012, this expenditure has remained fairly stable (Appendix Table 2-6). Deferred spending
in maintenance may create problems for these institutions in the future.

Four-Year and Other Graduate Public Institutions

From 1987 to 2012, 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—5).[‘”] At these institutions, total revenues from these two sources were lower than those at public very high
research universities and higher than those at community colleges. Overall, the percentage drop in revenue per FTE
from state and local appropriations was similar to that experienced at the public very high research institutions. 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 1987 ($8,700) were three times higher than the
corresponding amount of tuition revenue ($2,900). By 2010, average revenues from net student tuition, at almost
$6,900 per FTE, exceeded average revenues from state appropriations per FTE by more than $500. By 2012,
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average revenues from net tuition increased even further, to more than $1,600 over the average revenues from
state appropriations (WliFigure 2-4). As in the case of public very high research institutions, this change represents a
shift in tuition burden from state and local governments to individual students and their families.

Vil 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.
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il Figure 2-4

Selected average revenues and expenditures at public 4-year and other postsecondary institutions:
1987-2012
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universities, and baccalaureate colleges, according to the 2005 Carnegie Classification of Institutions of Higher Education.

SOURCE: IPEDS Analytics: Delta Cost Project Database, 1987-2012, special tabulations (2015).
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Spending on instruction at these institutions has been at least three times as high as almost all the other standard
expense categories. It increased from an average of nearly $6,100 per FTE in 1987 to about $7,000 per FTE in
2012 (Appendix Table 2-6). Other expenditures represented much smaller shares of total spending; most of these
expenditures increased. Spending on plant operation and maintenance fell by 6% over the 25-year period, with a
steep decline from 2009 to 2010 (18%).

Community Colleges

Revenues and expenditures are much lower for community colleges than for other public institutions of higher
education.!Vl As in the other institutions, the main sources of revenue at community colleges are state and local
appropriations and net student tuition (Appendix Table 2-5). In 2012, average revenues from state and local
appropriations at community colleges were about $5,700 per FTE, compared with $8,500 at public very high
research institutions; average revenues from net tuition were about $3,700 per FTE, compared with about $11,100
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 2012.
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Between 1987 and 2012, revenues from state and local appropriations at community colleges decreased from an
average of $7,100 per FTE to $5,700 per FTE, with a steep drop from 2008 to 2010 (iMliFigure 2-5). During this
25-year period, as state support declined, revenues from net tuition more than doubled. In 1987, revenues from
state and local appropriations represented 64% of total revenues at community colleges, and tuition accounted for
15%. By 2012, state and local appropriations had dropped to 46% of total revenues, whereas the proportion of
revenues from tuition doubled to 30%.

[vii] Community colleges are the public “associate’s colleges” in the 2010 Carnegie Classification of Institutions of
Higher Education.
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il Figure 2-5

Selected average revenues and expenditures at community colleges: 1987-2012
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At community colleges, instruction is by far the largest expenditure (Appendix Table 2-6). In 1987, spending on
instruction was about $5,000 per FTE, about 43% of total expenditures. In 2012, average instructional spending
per FTE ($5,100) was nearly identical to the 1987 level. Overall, these expenditures had increased somewhat
through 2008, dropped by about 10% between 2008 and 2011, and increased by 2% in 2012 (iliFigure 2-5).
Expenditures on student services and institutional and academic support declined in the late 2000s but increased
somewhat in 2012. Expenditures in plant operation and maintenance also declined between 2007 and 2011 and
remained stable in 2012.

Public Institutions Comparison

Between 1987 and 2012, revenues from state and local appropriations and net tuition, the main two revenue
sources at public institutions, grew less at community colleges than at the other two types of public institutions. In
community colleges, these two revenue sources combined increased by 6% during this period, lower than the
comparable increases at the public 4-year and other graduate institutions (12%) and the very high research
institutions (10%). However, trends in these individual revenue sources were substantially different. States and
localities cut funding for all three categories of institutions, but the reduction was smaller in the community colleges
(21%) than in the public very high research institutions (39%) and in the public 4-year and other graduate public
institutions (34%). Unlike the community colleges, however, the other two types of public institutions were able to
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increase revenues from net tuition to a greater extent. FTE net tuition revenues increased by 175% at the public
very high research universities and by 152% at the 4-year and other graduate public institutions, compared with
121% at community colleges (Appendix Table 2-5).

Expenditures for instruction followed a different pattern. They rose most rapidly at the public very high research
institutions (26%), 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 at an even more rapid rate (82%) (Appendix Table 2-6). At community colleges,
FTE instructional expenses were essentially the same at the end of the period as they were at the beginning;["i”] in
4-year and other graduate institutions, they fell somewhere in between. Overall, during this period, community
colleges had more limited resources and less flexibility to draw on alternate revenue sources to support their
instructional expenses. Despite the decline in enrollment in fall 2011 and fall 2012, average expenditures in
instruction did not change much in these last 2 years (see section, Undergraduate Enrollment in the United States).

Vil The proportion of U.S.-trained doctorate holders employed at community colleges in adjunct positions grew
from 12% in 1993 to 27% in 2013, 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.

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, between 2009-10 and 2014-15, the estimated average net tuition and fees
(i.e., the published prices minus grant aid and tax benefits) paid by full-time undergraduate students in public
4-year colleges increased by about 50% in constant 2014 U.S. dollars (College Board 2014a). Net prices at these
institutions had increased considerably between 2009-10 and 2012-13 but declined slightly in the last 2 years. At
private nonprofit institutions, net tuition and fees in 2014-15 were 3% lower than in 2009-10, although they
increased by 4% in the last year. At public 2-year colleges, net tuition and fees have declined overall; since
2009-10, on average, students enrolled full time have received enough funding through federal and other sources
to cover tuition, fees, and other expenses (-$1,740 net tuition in 2014-15) (FETable 2-8) (College Board 2014a).
Despite large percentage tuition increases in public institutions, they are still more affordable than their private
counterparts.

Net tuition and fees for full-time undergraduate students by institutional

ETable 28 trol: 2009-10 through 2014-15

(2014 U.S. dollars)

Institutional control 2009-10 2010-11 2011-12 2012-13 2013-14 2014-15°

Public 2-year -1,240 -1,680 -1,610 -1,540 -1,780 -1,740
Public 4—yearb 2,030 2,140 2,960 3,150 2,950 3,030

Private nonprofit 4-year 12,730 12,010 11,910 12,120 11,860 12,360
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3Estimated value.

bIn-state students.

NOTES: 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: The College Board, Annual Survey of Colleges, Trends in College Pricing (2014).
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Between 1999-2000 and 2011-2012, changes in the net cost of higher education for dependent undergraduates
varied by family income level and type of institution they attended (FiTable 2-9). During this period, net tuition and
fees increased for students from higher income families across all types of institutions. For students from lower
income families, net tuition and fees declined at public 2-year institutions and they were stable at public and private
nonprofit 4-year master’s and baccalaureate institutions and also at private nonprofit 4-year research and doctoral
institutions. Net tuition and fees increased at public 4-year research and doctoral institutions for students in all
income brackets. Research shows that the vast majority of low-income, high-achieving high school seniors do not
apply to any selective college, even though 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). (il

(] In 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).

Net tuition and fees for dependent undergraduates attending college or
FH Table 2-9 university full time for a full year, by family income quartiles, type of
institution, and Carnegie classification: 1999-2000 and 2011-12

(2012 U.S. dollars)

Private nonprofit
4-year

il:s;:q”;'ontypea”d dependent student family N, 559 5000 | 2011-12 | 1999-2000 | 2011-12 | 1999-2000 | 2011-12

Public 2-year Public 4-year

All institutions®

Lowest 25% 700 400 1,700 1,900 6,500 8,200
Lower-middle 25% 1,700 1,300 3,600 4,200 10,400 10,500
Upper-middle 25% 1,900 2,300 4,700 7,200 12,600 15,200
Upper 25% 1,800 2,500 5,500 9,000 18,300 21,100

Research and doctoral institutions

Lowest 25% NA NA 2,100 2,600 8,900 12,300
Lower-middle 25% NA NA 4,100 5,000 13,600 13,100
Upper-middle 25% NA NA 5,000 8,200 16,000 18,000

Upper 25% NA NA 6,000 10,200 21,700 25,900
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Private nonprofit
4-year

il:csct)'r;”;'ontypea”d dependent student family N, 559 5400 | 2011-12 | 1999-2000 | 2011-12 | 1999-2000 | 2011-12

Public 2-year Public 4-year

Master's and baccalaureate institutions

Lowest 25% NA NA 1,300 1,200 5,400 6,500
Lower-middle 25% NA NA 2,900 3,400 9,100 9,600
Upper-middle 25% NA NA 4,300 6,100 11,000 13,800
Upper 25% NA NA 4,400 7,100 15,700 18,600

NA = not available.

@ Includes all degree-granting institutions: associate's, master's, baccalaureate, research and doctoral, and
special focus and other institutions.

NOTES: Full-time status for the purposes of financial aid eligibility was based on 12 credit hours, unless the awarding
institution employed a different standard. Data are ro