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About Science and Engineering Indicators

Science and Engineering Indicators (Indicators) is a congressionally mandated report that provides high-quality
quantitative information on the U.S. and international science and engineering enterprise. Indicators is factual and policy
neutral. It does not offer policy options, and it does not make policy recommendations. The report employs a variety of
SUHVHQWDWLRQ VW\OHVY VXFK DV QDUUDWLYH WH[W GDWD WDEOHV DQG ILIJXUHV WR |
information needs and different information-processing preferences.

7KH GDWD DUH LQGLFDWRUV WKDW LV TXDQWLWDWLYH VXPPDU\ LQIRUPDWLRQ RC
engineering (S&E) enterprise or its change over time. The indicators in this report are intended to contribute to an
understanding of the current environment and to inform the development of future policies. The report does not model the
dynamics of the S&E enterprise. It is used by readers for a variety of purposes, and they have different views about which
indicators are the most significant for different purposes.

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

Indicators includes detailed information about measurement to help readers understand what the reported measures
PHDQ KRZ WKH GDWD ZHUH FROOHFWHG DQG KRZ WR XVH WKH GDWD DSSURSULDWHO
accessible. The data can be examined in various ways, and the report generally emphasizes neutral, factual description. As a
result, /ndicators almost exclusively uses simple statistical tools. The Methodology Appendix of the report provides detailed
information on the methodological, statistical, and data-quality criteria used for the report. The sidebar What Makes a Good
Indicator? provides a brief and high-level summary of the data sources used in the report and data-quality issues that
influence the interpretation and accuracy of the information presented in Indicators .

Indicators 2018 Parts

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

Elementary and Secondary Mathematics and Science Education

Higher Education in Science and Engineering

Science and Engineering Labor Force

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

Industry, Technology, and the Global Marketplace

Science and Technology: Public Attitudes and Understanding

Invention, Knowledge Transfer, and Innovation

In addition, /ndicator s 2018 includes an online data tool, State Indicators, which provides state-level data on science and
technology (S&T); and a Digest, comprising a small selection of important indicators from the main report.
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The Board authors one or more companion pieces, which draw on the data in Indicator s and offer recommendations on
YDULRXV LVVXHVY UHODWHG WR QDWLRQDO VFLHQFH DQG HQJLQHHULQJ UHVHDUFK RU
responsibility to bring attention to such issues.

The Digest

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

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

The Overview highlights information from  Science and Engineering Indicators that offers insights into the global landscape
and presents broadly comparable data to examine indicators across regions, countries, and economies. Like the Digest, the
Overview is intended to serve readers with varying levels of expertise. Because the Overview relies heavily on figures, it is well-
adapted for use in developing presentations. Like the core chapters, the Overview strives for a descriptive synthesis and a
balanced tone, and it does not take or suggest policy positions.

The Eight Core Chapters

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

Highlights. The highlights outline the major dimensions of a chapter topic.

Introduction. The chapter's overview briefly explains the importance of the topic. It situates the topic in the context of
major concepts, terms, and developments relevant to the data reported. The introduction includes a brief narrative account of
the logical flow of topics within the chapter.

Narrative. The chapter narrative is a descriptive synthesis that brings together significant findings. It is also a balanced
presentation of contextual information that is useful for interpreting the findings. The narrative is designed to draw attention
to major points and enable readers to readily comprehend a large amount of information. As a balanced presentation, the
narrative aims to include appropriate caveats and context to convey appropriate uses of the data and provide contextual
information within which the data may be interpreted by users with a range of science policy views.

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

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

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

Appendix Tables . An appendix of tabular data provides the most complete presentation of quantitative data, without

contextual information or interpretive aids.

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

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

References. /ndicators includes references to data sources cited in the text, emphasizing national or internationally
comparable data. The report does not attempt to review the analytic literature on a topic or summarize the social science or
policy perspectives that might be brought to bear on it. References to that literature are included where they help to explain
the basis for statements in the text.

State Indicators Data Tool

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

Presentation

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

National Science Board

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

SUBJECT: Science and Engineering Indicators 2018

As Chair of the National Science Board (Board), it is my honor to transmit, on behalf of the Board, Science and Engineering

Indicators (Indicators) 2018 7KH %RDUG VXEPLWV WKLV ELHQQLDO UHSRUW RQ LQGLFDWRUV RI
WKH 8QLWHG 6WDWHV DV UHTXLUHG H\icatds &efles provides Blbroad bagekoHunbiased, quantitative

information about the U.S. science and engineering (S&E) enterprise for use by policymakers, researchers, and the public.

The digital report includes information on science, technology, engineering, and mathematics (STEM) education at all levels;

the scientific and engineering workforce; U.S. and international research and development performance; U.S. competitiveness

in high-technology industries; and public attitudes and understanding of S&E. The report synthesizes several key indicators of

WKH VWUHQJWK RI 8 6 VFLHQFH DQG WHFKQRORJ\ LQ DQ 2YHUYLHZ RI WKH 6WDWH RI
Indicators 201 8 also includes an interactive, online tool that enables state comparisons on a variety of S&E indicators.

JRU WKH HGLWLRQ WKH %RDUG KDV LQWURGXFHG D QHZ FKDSWHU RQ -QYHQWLRC
chapter provides data and analysis on several key questions: how does innovation happen; how do we measure it; who are
the major players; and how does innovation diffuse through society and economies to contribute to economic growth?

The Board hopes that the Administration and Congress find the information and analysis in the report useful and timely for

the planning of national priorities, policies, and programs in science and technology.

Maria T. Zuber
Chair

National Science Board

National Science Foundation

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

The website for Science and Engineering Indicators 2018 incorporates a polarization microscope image of liquid crystals.

Liquid crystals revolutionized how we present information, giving rise to the liquid crystal display (LCD) industry. Modern

devices including smartphones, laptop screens, and flat-panel television sets all feature LCDs, in which so-called nematic
WKUHDGOLNH OLTXLG FU\VWDOV UHDOLJQ LQ DQ HOHFWULF ILHOG WKXV FKDQJLQJ

-Q WKH SKRWR WKH WZR GDUN FHQWHUV ZLWK HPHUJLQJ VWUHDPHUYV DUH FDOOHG
of the liquid crystal. The defects form at the surface of a thin film of nematic fluid, the simplest form of a liquid crystal. The
bands of different colors show the varying orientation of liquid crystal molecules around the defect.

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

Image credit: Oleg D. Lavrentovich , Liquid Crystal Institute, Kent State University.
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ARPA-E:$GYDQFHG 5HVHDUFK 3URMHFWY $JHQF\ (QHUJ\
ARRA:American Recovery and Reinvestment Act
AUTM: Association of University Technology Managers
BEA:Bureau of Economic Analysis
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BPS:Beginning Postsecondary Students
BRDIS:Business R&D and Innovation Survey
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C-BERT<Cross-Border Education Research Team
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CREDO:Center for Research on Education Outcomes
DHS: Department of Homeland Security

DMDII: Digital Manufacturing and Design Innovation Institute
DOAJ:Directory of Open Access Journals
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DOD: Department of Defense

DOE: Department of Energy
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ECLS-KEarly Childhood Longitudinal Study-Kindergarten
ED: Department of Education

EPA:Environmental Protection Agency
EPSCoREstablished Program to Stimulate Competitive Research
ESSAEvery Student Succeeds Act

EU: European Union

FDiI: foreign direct investment

FedScope: Federal Human Resources Data
FFRDCfederally funded research and development center
FLC:Federal Laboratory Consortium for Technology Transfer
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FY:fiscal year
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GBARD:government budget appropriations for R&D

GDP: gross domestic product
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GED: General Educational Development

GERD:gross domestic expenditures on R&D
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GMO: genetically modified organism

GMU: George Mason University
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GSS:General Social Survey

GSS:Survey of Graduate Students and Postdoctorates in Science and Engineering
GUF: general university fund

HBCU: historically black college or university

HDI: Human Development Index

HE: higher education

HERD:Higher Education Research and Development Survey
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ICT:information and communications technologies
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ISCED-FISCED Fields of Education and Training
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ISO: International Organization for Standardization

IT: information technology

ITC: Investment Tax Credit

IUCRC: - QGXVWU\ 8QLYHUVLW\ &RRSHUDWLYH 5HVHDUFK &HQWHUYVY 3URJUDP
kindergarten through 12th grade

Kl: knowledge intensive

KTI: knowledge- and technology-intensive

LIFT:Lightweight Innovations for Tomorrow
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NAFTA:North American Free Trade Agreement
NAGB: National Assessment Governing Board
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NCES:National Center for Education Statistics
NCRPA:National Cooperative Research and Production ActNCSES: National Center for Science and Engineering Statistics
NCTQ: National Center for Teaching Quality

nec: not elsewhere classified

NECTA:New England City and Town Area

NEH: National Endowment for the Humanities
NELS:National Education Longitudinal Study

NGA: National Governors Association

NGSS:Next Generation Science Standards
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NRC:National Research Council



. National Science Board | Science & Engineering Indicators 2018 F| 17

| Front Matter

NSB: National Science Board

NSCG:National Survey of College Graduates

NSCI:National Strategic Computing Initiative

NSF:National Science Foundation

NSLP:National School Lunch Program
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R&D: research and development
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Introduction

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

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

Knowledge-intensive p roduction is growing worldwide and is increasingly a feature of both developed and developing
economies. The goods and services of these industries, many of them new in this century, have developed markets that did
not exist previously. Such goods and services have helped to integrate nations into, and to compete in, the global marketplace.
The state of S&E in the United States DQG HOVHZKHUH LV QRW MXVW D IpoigiesahRiQveBtinddt SLYHQ QDWLR
Education, R&D, and production activities DUH LQWHUOLQNHG LQ WRGD)\ GlobayRmoklieistudéhtdbRciR QRPLHV
researchers, international trade, global supply chains  and investments, and global infrastructure and collaboration  tie
activities across the globe and shape national S&E stories. The various national S&E stories together tell a broader and more
global S&E story.

This overview highlights information from  Science and Engineering Indicators that offers insights into the global landscape
and presents broadly comparable data to examine indicators across regions, countries, and economies, comparing S&E
training, research outputs, the creation and use of intellectual property, and the output of knowledge-intensive industries. It is
not intended to be comprehensive: numerous important topics that are addressed in individual chapters are not covered in
WKH RYHUYLHZ . PDWKHPDWLFVY DQG VFLHQFH HGXFDWLRQ GHPRJUDSKLF SURILOHV
occupations, and public attitudes and understanding of S&T. Major findings on particular topics can be found in the
+LJKOLJKWV VHFWLRQV WKDW DSSHDU DW WKH EHJLQQLQJ RI &KDSWHUV

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

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

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

*OREDOO\ ILUVW XQLYHUVLW\ GHJUHH DZDUGV LQ 6 ( ILHOGVY EURDGO\ HTXLYDOHQ\
million, according to the most recent estimates. Almost half of these degrees were conferred in two Asian countries: India
(25%) and China (22%); another 22% together were conferred in the European Union (EU; see Glossary for member countries)
(12%) and in the United States (10%). University degree production in China has grown faster than in other major developed
nations and regions ( Figure O-1 %HWZHHQ DQG WKH QXPEHU RI 6 ( EDFKHORU V GHJUHH'
more than 350%, significantly faster than in the United States and in many other European and Asian regions and economies.
Additionally, during the same period, the number of non-S&E degrees conferred in China also rose dramatically (by almost

VXJIJHVWLQJ WKDW FDSDFLW\ EXLOGLQJ LQ &KLQD DV LQGLFDWHG E\ EDFKHORU

non-S&E areas.
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%DFKHORU V GHJUHH DZDUGV LQ 6 ( ILHOGV E\ VHOHFWHG UHJ|
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Note(s)
Data are not available for all countries for all years. EU-Top 8 includes the eight EU countries with the largest numbers of bachelor's

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

Source(s)

United Nations Educational, Scientific and Cultural Organization (UNESCO), Institute for Statistics database, special tabulations

(2016); Organisation for Economic Co-operation and Development (OECD), OECD.Stat, https://stats.oecd.org/; National Bureau of

Statistics of China, China Statistical Yearbook, annual series (Beijing) (various years); Government of India, Ministry of Human

5HVRXUFH '"HYHORSPHQW 'HSDUWPHQW RI +LJKHU (GXFDWLRQ (GXFDWLRQ 6WDWLYV
+LJKHU (GXFDWLRQ DQG *RYHUQPHQW RI -DSDQ OLQLVWU\ RI (GXHI
Technology, Survey of Education, annual series (various years); Ministry of Education,  Educational Statistics of the Republic of China
(Taiwan), annual series (various years); National Center for Education Statistics, Integrated Postsecondary Education Data System

(IPEDS), Completions Survey; National Science Foundation, National Center for Science and Engineering Statistics, Integrated Science

and Engineering Resources Data System (WebCASPAR), https://ncsesdata.nsf.gov/iwebcaspar/.
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Understanding the relationship between degrees conferred in a country and the capabilities of its workforce is complicated
by the fact that increasing numbers of students are receiving higher education outside their home countries. (1] The United
States remains the destination of choice for the largest number of internationally mobile students worldwide. Furthermore,
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international students accounted for a considerable increase over time in U.S. higher education degree awards in S&E fields.
<HW GXH LQ SDUW WR HIIRUWYV E\ RWKHU FRXQWULHVY WR DWWUDFW PRUH IRUHLJQ VW
students enrolled in the United States fell from 25% in 2000 to 19% in 2014. Other popular destinations for internationally

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

FIGURE O-2

Internationally mobile students enrolled in tertiary education, by selected country: 2014
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Note(s)

Data are based on the number of students who have crossed a national border and moved to another country with the objective of
studying (i.e., mobile students). Data include students in all fields, including S&E and non-S&E fields. Data for Canada correspond to
2013.

Source(s)

United Nations Educational, Scientific and Cultural Organization (UNESCO), Institute for Statistics database, special tabulations
(2016).
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*UDGXDWH HGXFDWLRQ LQ WKH 8QLWHG 6WDWHYVY UHPDLQV SDUWLFXODUO\ DWWUDFV
level degrees, the United States as well as the combined EU countries award a relatively large number of worldwide S&E
doctorates ( Figure O-3). However, starting from a low base, China has seen a rapid increase in S&E doctoral degree awards

over time.
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Note(s)
U.S. citizens and permanent residents and U.S. temporary residents are estimated using their represented shares in the Integrated
Postsecondary Education Data System (IPEDS). EU-Top 8 includes the eight EU countries with the largest numbers of doctoral degree

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

Source(s)

United Nations Educational, Scientific and Cultural Organization (UNESCO), Institute for Statistics database, special tabulations

(2016); Organisation for Economic Co-operation and Development (OECD), OECD.Stat, https://stats.oecd.org/; National Bureau of

Statistics of China, China Statistical Yearbook, annual series (Beijing) (various years); Government of India, Department of Science

and Technology (various years) and Ministry of Human Resource Development, Department of Higher Education, All India Survey on
+LJKHU (GXFDWLRQ DQG *RYHUQPHQW RI -DSDQ OLQLVWU\ RI (GX}
Technology, Survey of Education, annual series (various years); Ministry of Education, = Educational Statistics of the Republic of China
(Taiwan), annual series (various years); National Center for Education Statistics, IPEDS, Completions Survey; National Science

Foundation, National Center for Science and Engineering Statistics, Integrated Science and Engineering Resources Data System
(WebCASPAR), https://ncsesdata.nsf.gov/webcaspar/.
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In the United States, a substantial proportion of S&E doctoral degrees are conferred to international students with
temporary visas. In 2014, temporary visa holders, not counting foreign-born students with permanent visas, earned more
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than one-third (37%) of S&E doctoral degrees. Temporary visa holders are particularly concentrated in engineering, computer

sciences, mathematics, and economics, earning half or more of the doctoral degrees awarded in these fields. Overall, a

considerable share of the post-2000 increase in U.S. S&E doctoral degree awards reflects degrees awarded to temporary visa

holders, mainly from Asian countries such as China and India. If past trends continue, a majority of the S&E doctorate

UHFLSLHQWYV ZLWK WHPSRUDU\ YLVDV PRUH WKDQ WZR WKLUGV ZLOO UHPDLQ LQ WKH
stay rates of those from China and India, the two largest source countries for international recipients of U.S. S&E doctoral

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

These doctorate recipients add to the most highly trained segment of the overall global S&E workforce. It is difficult to
analyze the size of the entire international S&E workforce because comprehensive, internationally comparable data are
limited. The Organisation for Economic Co-operation and Development (OECD) provides international estimates on one
SDUWLFXODUO\ VDOLHQW FRPSRQHQW RI WKLV ZRUNIRUFH UHVHDUFKHUYV GHILQHG DV
FUHDWLRQ RI QHZ NQRZOHGJH ZKR FRQGXFW UHVHDUFK DQG LPSURYH RU GHYHORS F
LOQOVWUXPHQWDWLRQ VRIWZDUH RU RSHUDWLRQDO PHWKRGV 2(&' $OWKRXJIK C
affected by survey procedures and interpretations of international statistical standards, they can be used to make broad
comparisons of national trends on this highly specialized component of the larger S&E workforce.

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

regions had the largest populations of researchers at the latest count, but China has been catching up ( Figure O-4).
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Note(s)
Data are not available for all regions or countries for all years. Researchers are full-time equivalents. Counts for China before 2009

are not consistent with Organisation for Economic Co-operation and Development (OECD) standards. Counts for South Korea before

2007 exclude social sciences and humanities researchers.

Source(s)
OECD, Main Science and Technology Indicators (2017/1), https://www.oecd.org/sti/msti.htm.
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The worldwide total of workers engaged in research has been growing rapidly, and growth has been more robust in parts
of Asia. The most rapid expansion has occurred in South Korea, which nearly doubled its number of researchers between
2000 and 2006 and continued to grow strongly thereafter, and in China, which reported more than twice the number of
UHVHDUFKHUV LQ FRPSDUHG ZLWK DQG OLNHZLVH UHSRUWHG VXEVWDQWLDO JU
QRW FRPSDUDEOH WR &KLQD V GDWD IRU RQzZDUG 7KH 8QLWHG 6WDWHY DQG WKH
Exceptions to the worldwide trend included Japan (which remained relatively flat) and Russia (which experienced a decline).

(1] An additional complexity, as data from the United States show, is that a direct correlation often does not exist between an
LQGLYLGXDO V GHJUHH DQG RFFXSDWLRQ 6 ( GHJUHH KROGHUV UHSRUW DSSO\LQJ WK
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S&E and non-S&E jobs. This indicates that the application of S&E knowledge and skills is widespread across the technologically
sophisticated U.S. economy and is not just limited to jobs classified as S&E. For more information on this and the U.S. S&E

workforce, see National Science Board (2015).
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R&D Expenditures and R&D Intensity

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

and technology.

Global R&D activity continues to be concentrated in North America, Europe, and the East and Southeast Asia and South Asia

regions ( Figure O-5 $PRQJ LQGLYLGXDO FRXQWULHV WKH 8QLWHG 6WDWHV LV E\ IDU WKH (
ZKRVH 5 ' VSHQGLQJ HIFHHGHG WKDW RI Wi§le C86)WTRJatieO) tHe Qrited Bt&tBsQChina, and Japan

accounted for over half of the estimated $1.9 trillion in global R&D in 2015. Germany is fourth, at 6%. South Korea, France,
-QGLD DQG WKH 8QLWHG .LQJGRP PDNH XS WKH QH[W WLHU RI SHUIRUPHUV HDFK DFF
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Regional share of worldwide R&D expenditures: 2000 and 2015
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Note(s)

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

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics estimates, August 2017. Based on data from the
Organisation for Economic Co-operation and Development, Main Science and Technology Indicators (2017/1), and the United

Nations Educational, Scientific and Cultural Organization (UNESCO), Institute for Statistics database, data.uis.unesco.org.

Science and Engineering Indicators 2018
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Note(s)
Data are for the top eight R&D-performing countries and the entire EU. Data are not available for all countries for all years. Data for
the United States in this figure reflect international standards for calculating gross expenditures on R&D, which vary slightly from the

National Science Foundation's protocol for tallying U.S. total R&D.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, National Patterns of R&D Resources (annual
series); Organisation for Economic Co-operation and Development, Main Science and Technology Indicators (2017/1); United Nations
Educational, Scientific and Cultural Organization (UNESCO), Institute for Statistics database, data.uis.unesco.org, accessed 13
October 2017. See Appendix Table 4-12.
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A notable trend over the past decade has been the growth in R&D spending in the regions of East and Southeast Asia and

South Asia compared to the other major R&D-performing areas. China continues to display the most vigorous R&D growth,
DFFRXQWLQJ IRU QHDUO\ RQH WKLUG RI WKH JOREDO LQFUHDVH LQ 5" VSHQGLQJ RYH!
spending on R&D, differences in growth rates across the world led both the United States and Europe to experience

substantial declines in their shares of global R&D (from 37% to 26% in the United States and from 27% to 22% in Europe

EHWZHHQ DQG 'XULQJ WKH VDPH SHULRG WKH HFRQRPLHV RI (DVW DQG 6RXW|
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ODOD\VLD 6LQJDSRUH 6RXWK .RUHD 7DLZDQ DQG -QGLD VDZ DQ LQFUHDVH LQ WKHLI
exceeding the respective U.S. and the European R&D shares in 2015.

Countries and economies, however, vary in their R&D intensity, their relative focus on early versus later stages of R&D, and
funding sources (business versus government sectors). Along with total R&D spending, the share of such spending relative to
the size of the total economy is seen as a useful indicator of innovative capacity. Although the United States invests far more

in R&D than any other individual country, several other, smaller economies have greater R&D intensity WKDW LV D KLJKHU
of R&D expenditures to gross domestic product (GDP). A stated goal by the EU is to achieve a 3% R&D-to-GDP ratio, one of the
five targets for the EU in 2020 (EC 2010). In 2015, the United States had an R&D intensity of 2.7% ( Figure O-7). Israel (not
shown) and South Korea are essentially tied for the top spot, with ratios of 4.3% and 4.2%, respectively. Over the past decade,
the ratio has fluctuated within a relatively narrow range in the United States, although the U.S. rank in this indicator has been
slowly falling in recent years: 8th in 2009, 10th in 2011, and 11th in 2013 and 2015. Over the past decade, R&D intensity rose
gradually in the EU as a whole; in South Korea and particularly in China, which started with a low base, the R&D-to-GDP ratio
rose significantly in the last 10 years.
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5" LQWHQVLW\ E\ VHOHFWHG UHJLRQ FRXQWU\ RU HFRQRP\

Percent
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-o- South Korea -~ [ndia

EU = European Union.

Note(s)

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

protocol for tallying U.S. total R&D.

Source(s)

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

October 2017. See Appendix Table 4-12.
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Many governments have only limited direct control over achieving a targeted R&D-to-GDP ratio because businesses are the
predominant source of R&D funding in many leading R&D-performing nations. Businesses in the United States funded about
RI DOO 8 6 5 ' LQ 7KH FRUUHVSRQGLQJ EXVLQHVY VHFWRU VKDUHV DUH KLJKHU
Korea, and Japan, and are lower in France (56%) and the United Kingdom (48%). R&D funded by the government sector, the
VHFRQG PDMRU VRXUFH RI 5" IXQGLQJ LQ PDQ\ FRXQWULHVY DFFRXQWHG IRU DERXW

South Korea, the United Kingdom, Germany, and France; for 21% in China; and for 15% in Japan. (1
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In the United States, the federal government is a major source of R&D funding for universities, nonprofit organizations, federal

institutions, and federally funded research and development centers (FFRDCs). The federal government funds a substantial

amount of all basic (accounting for 44% of funding in 2015) and applied research (accounting for about 36% of funding in

2015). During the post-recession period from 2010 through 2015, however, the share of U.S. R&D funded by the federal

government declined, from just over 30% to around one-fourth, primarily reflecting the waning after 2010 of the incremental

funding from the American Recovery and Reinvestment Act (ARRA) and the uncertain federal budget environment since 2011,

including broad federal spending caps. Business R&D has led the overall growth in U.S. R&D during this period. The decline in

IHGHUDO IXQGLQJ LV DQ LPSRUWDQW WUHQG WKDW ZH ZLOO FRQWLQXH WR IROORZ Jl
R&D infrastructure in the United States.

Countries also vary in their relative focus on basic research, applied research, and experimental development. (2] China

spends only about 5% of its R&D funds, compared to 17% in the United States, on  basic research ZRUN DLPHG DW JDLQLQ.
comprehensive knowledge or understanding of the subject under study without specific applications in mind. However, this

still amounted to about $21 billion of basic research performance in China in 2015, more than France ($15 billion) which has a

relatively large focus on basic research (24% of annual R&D). On the contrary, China spends 84% of its R&D funds, compared

to 64% in the United States, on experimental developoment ZRUN GLUHFWHG WRZDUGV WKH SURGXFWLRQ RI
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

EDVLF UHVHDUFK LV W\SLFDOO\ IXQGHG E\ WKH JRYHUQPHQW &KLQD V PRUH OLPLWHG
business sector role in R&D funding as well as the opportunity to build on basic research done elsewhere (Qui 2014).

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

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

Research produces new knowledge; refereed S&E publications are one of the tangible measures of research activity that
have been broadly available for international comparison. The United States, the EU, and the developed world (1 produce the
majority of refereed S&E publications. However, similar to the trends for researchers and for R&D spending, S&E research
output in recent years has grown more rapidly in China and other developing countries when compared with the output of the
8QLWHG 6WDWHY DQG RWKHU GHYHORSHG FRXQWULHYVY &KLQD V 6 ( SXEOLFDWLRQ RXYV
&KLQD V RXWSXW LQ WHUPV RI DEVROXWH TXDQWLW\ LV QRgurRRB} RésEaEDditpptR W KD W
KDV DOVR JURZQ UDSLGO\ LQ RWKHU GHYHORSLQJ FRXQWULHY SDUWLFXODUO\ %UD]JL(
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Note(s)

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

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

Source(s)

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

accessed December 2016.
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The subject-matter emphasis of scientific research varies somewh at across countries and regions . Biomedical sciences
ELRORJLFDO VFLHQFHY PHGLFDO VFLHQFHV DQG RWKHU OLIH VFLHQFHY DQG HQJLQ
LQWHQVLYH DQG WHFKQRORJLFDOO\ DGYDQFHG HFRQRPLHV DFFRXQW IRU RI WKH Z
8QLWHG 6WDWHY DQG WKH (8 SURGXFHG VLIJQLILFDQW QXPEHUV RI JOREDO ELRPHGLFI
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production. However, China produced the largest number of engineering articles, surpassing the output of both the United
States and the EU.

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

output of these places.

Language factors notwithstanding, ¢ itations to refereed articles and presentations are an oft-used indicator of the use and
impact of research output, and U.S. publications receive the largest number of citations. Adjusting for the size of each
FRXQWU\ V UHVHDUFK SRRO UHVHDUFKHUV EDVHG LQ WKH 8QLWHG 6WDWHV &DQDGD
Europe (Denmark, Finland, Iceland, the Netherlands, Norway, Sweden, and the United Kingdom) set the bar with respect to the
SURGXFWLRQ RI LQIOXHQWLDO UHVHDUFK UHVXOWY 2QH PHDVXUH RI WKH LQIOXHQFH
Rl FLWHG DUWLFOHY FRPSDUHG WR ZKDW ZRXOG EH H[SHFWHG EDVHG RQ WKH VL]H RI
PHDVXUH LI D FRXQWU\ V VKDUH LV H[DFWO\ ZKDW ZRXOG EH H[SHFWHG EDVHG RQ LW
86 SHUFHQWDJH KDV KHOG VWHDG\ DW DERXW WZLFH WKH H[SHFWHG YDOXH
in the top 1% grew from 1.0% to 1.3% between 2000 and 2014 ( Figure O-9 &KLQD V VKDUH RI WKLV WRS VWD

base, more than doubled in the same period, from 0.4% to 1.0%. (2]
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S&E publication output in the top 1% of cited publications, by selected region, country, or
HFRQRP\
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Note(s)

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

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

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

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

(11 For more information on the developing and developed economy classification, see the International Monetary Fund

classification of countries, available at https://www.imf.org/external/pubs/ft/weo/2017/02/weodata/groups.htm , accessed 4
'"HFHPEHU $FFRUGLQJ WR WKH -0) 7KLV FODVVLILFDWLRQ LV QRW EDVHG RQ VWU
HYROYHG RYHU WLPH ZLWK WKH REMHFWLYH RI IDFLOLWDWLQJ DQDO\VLV E\ SURYLGLC

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


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

S&E research and the S&T knowledge produced thereby are an important part of the overall innovation process (Pavitt
7KHVH DFWLYLWLHYVY FRQWULEXWH WR D QDWLRQ V FDSDFLW\ IRU LQQRYDWLRQ

implementation and economic growth drives interest in internationally comparable measures of innovation. Chapter 8
describes innovation as an interrelated system that translates the creativity and knowledge from S&E activities into benefits to
society and the economy. Discoveries and inventions evolve from potential to realized usefulness through the interaction of a
wide variety of actors and institutions. These take place through interrelated activities: invention is the process of bringing
something new and potentially useful into being;  knowledge transfer involves the transfer of S&T to and from businesses,
government entities, academe, and other organizations and to individuals for further development and eventual commercial
and otherwise useful applications; and innovation takes place when a new or significantly improved product or process,
including in business practices, workplace organization or external relations, is implemented.

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

Patenting confers the rights of property to novel, useful, and nonobvious inventions for a specified period. Although the

7

SURSHQVLW\ WR SDWHQW YDULHV DFURVV WHFKQRORJ\ DUHDV DQG PDQ\ SDWHQWV GR
LOQQRYDWLRQV SDWHQW JUDQWY DQG DSSOLFDWLRQV DUH RQH LQGLFDWRU RI LQYHQW

the link between patents and innovation, strengthening of intellectual property protection has been found to promote foreign
investment, which may in turn provide a pathway for knowledge flows (Boldrin and Levine 2013).

The developed world dominates global patenting, with notable growth (albeit from low bases) in several Asian economies.
The U.S. Patent and Trademark Office (USPTO) grants patents to inventors worldwide, with over 300,000 patents granted in
2016. Inventors from the United States, Japan, and EU account for the majority of USPTO patents ( Figure O-10). In
comparison however, patents granted to inventors from the rest of the world have risen more robustly since 2000, with more
than a three-fold increase in patents to other developed economies and a more than 13-fold increase in patents to developing
economies. The U.S. share of USPTO patents declined to under half of all USPTO patents by 2008.
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Source(s)

Science-Metrix; SRI International. See Appendix Table 8-4.
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U.S. patents to inventors from developing countries have risen from under 1% in 2000 to 6% in 2016, with China (4%) and
India (1%) accounting for the bulk of these patents. China and India, however, still receive relatively modest shares of USPTO
SDWHQWY $GGLWLRQDOO\ &KLQD V SDWHQW RIILFH KDV H[SHULHQFHG D PXFK IDVWH
and other major patent offices (WIPO 2014). Unlike USPTO patents, utility patents in China are not subject to extensive
HIDPLQDWLRQ DQG ZKLOH WKH IRUHLJQ VKDUH LV JURZLQJ SDWHQWYV LQ &KLQD V SD
China (Hu 2010).

Three broad technology categories closely linked to the knowledge- and technology-intensive (KTI) industries (discussed in
the next section) account for more than 60 percent of USPTO patents granted in 2016: information and communications
technologies (ICT);[X! testing, measuring, and control; [2] and chemistry and health. [3] Materials and nanotechnology, [4 also
linked to KTI industries, accounted for 2% of USPTO patents in 2016. Between 2000 and 2016, the technology focus of USPTO
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patents granted has shifted toward more ICT-related inventions (which rose from 22% of the total in 2000 to 37% of the total
in 2016) and slightly fewer chemistry and health-related ones (share fell from 20% to 16% from 2000 to 2016) ( Figure O-11).

FIGURE O-11

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

Note(s)

Data refer to the share of all USPTO patents in a particular technology category in the specified year. Patents are allocated according
to patent inventorship information. Patents are classified under the World Intellectual Property Organization classification of

patents, which classifies International Patent Classification codes under 35 technical fields. Fractional counts of patents were
assigned to each technological field on patents to assign the proper weight of a patent to the corresponding technological fields
under the classification. Patents are fractionally allocated among regions, countries, or economies based on the proportion of

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

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

8-2 for definitions of the broad technology categories.
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The pattern of specialized concentration at the country level, previously noted in a variety of indicators, is also evident in
SDWHQWLQJ HDFK HFRQRP\ RU FRXQWU\ V SDWHQWY UHIOHFW GLIITHUHQW VWUHQJWK"
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patents awarded to U.S. inventors have a particularly high concentration in the ICT area of information technology (IT)
methods for management, a field that includes special-purpose software for business management. This U.S. specialization in
part reflects patent rule differences within each country. In many countries outside of the United States, business methods
software is not patentable (Schmoch 2008). Both U.S. and EU inventors are particularly concentrated in the testing, measuring,
and control area, such as analysis of biological materials, and in chemistry and health, such as biotechnology and
pharmaceuticals. In contrast with EU inventors, Japanese inventors with USPTO patents focus in the ICT area of

semiconductors ( Figure O-12).

FIGURE O-12
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Japan
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Note(s)

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

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

Source(s)

Science-Metrix; PatentsView; SRI International.
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- QYHQWRUV LQ -DSDQ 6RXWK .RUHD 7DLZDQ DQG &KLQD DUH IRFXVHG LQ —-&7 WHFI
communication processes, semiconductors, and telecommunications. These four Asian economies also have a focus in optics,
a technology in the testing, measuring, and control area category that includes lasers as well as optical switching. Japanese
inventors are more than twice as likely to be granted USPTO patents in optics compared to other fields. South Korea, Taiwan,

and China also focus on nanotechnologies (  Figure O-12 and  Figure O-13).
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or economies based on the proportion of residences of all named inventors. Data were extracted in April 2017.

Source(s)

Science-Metrix; PatentsView; SRI International.
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Knowledge transfer, including the transfer and dissemination of technology from inventors to users, is a critical
component of the innovation system. International transactions allow tracking of the market-based diffusion of technology
and innovation across international boundaries. One measure of such international transaction is the export flows of
intellectual property, measured by charges for the use on intellectual property, including cross-border royalties and fees
collected for licensing proprietary technologies. [3! Although trade patterns in royalties and licensing fees are affected by
different tax treatments, income from intellectual property broadly indicates which nations are producing intellectual property
products with commercial value. These patterns generally correspond to the countries and economies holding patents. Not
surprisingly, export revenue from the use of intellectual property continues to be concentrated in the lead recipients of USPTO
patents: the United States, the EU, and Japan. U.S. export revenue for use of intellectual property was $122 billion in 2016; in
that same year, it was $66 billion for the EU and $39 billion for Japan. However, the share accounted for by the United States
KDV GHFOLQHG DQG WKH UHVW RI WKH ZRUOG V VKDUH H[FOXGLQJ WKH (8 DQG -DSDC
and 2016 ( Figure O-14). As the U.S., EU, and Japan export revenues for use of intellectual property have leveled off or

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

Seed-stage venture capital refers to very early-stage financing, which generally provides funding for preliminary business
operations, such as proof-of-concept development and initial product development, as well as marketing for startups and
small firms that are developing new technologies. The United States attracted more than half of the nearly $6 billion of global
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seed-stage venture capital investment in 2016. These seed-stage investments are very small relative to early- and later-stage

venture capital investment (totaling almost $125 billion in 2016), which provide financing for further development, production,
commercialization, and marketing of new technologies ( Figure O-15 shows the data for the combined category of early- and
later-stage venture capital). The United States attracts slightly more than half of the global early- and later-stage venture

capital investment, followed by China. Between 2010 and 2016, the level of investment grew strongly in the U.S. although the
U.S. global share dropped from 68% to 52%. In China, investment rose from a low base between 2006 and 2013; after 2013,
growth accelerated as investment leaped from almost $3 billion in 2013 to $34 billion in 2016 ( Figure O-15), resulting in its

global share to rise from 5% to 27%.
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Early- and later-stage venture capital investment, by selected region, country, or economy:
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Note(s)
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supports company expansion and provides financing to prepare for an initial public offering. Later-stage financing includes

acquisition financing and management and leveraged buyouts.

Source(s)

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

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

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

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

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

Glossary; see Chapter 6 for a discussion of knowledge- and technology-intensive [KTI] industry categories).

At 38%, the United States leads the major economies in the percentage of its GDP that comes from these KTI industries.
Historically concentrated in the developed world, these industries typically make up a larger percentage of GDP in developed
economies than in developing economies. However, developing economies, led by China, are emerging as prominent players
as they ramp up their S&E capabilities. Additionally, recent global economic developments have had somewhat different
impacts on the major global players, further transforming this segment of the S&E landscape. For example, following the
global recession of the late-2000s, the United States has had strong growth in many KTI industries and trade of KTI goods and
services, contrasting with tepid or negative growth in the EU and Japan. China has continued to grow quite robustly and has
EHFRPH WKH ZRUOG V ODUJHVW SURGXFHU LQ PDQ\ WHFKQRORJ\ LQWHQVLYH PDQXIDF
not as strong in the knowledge-intensive (Kl) services sector, where the United States and the EU are the dominant global
producers, China is growing far more rapidly than developed economies overall.

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

In high-technology manufacturing industries (which totaled $1.6 trillion in value-added terms in 2016), the United States
DQG &KLQD ZHUH WKH ODUJHVW JOREDO SURYLGHUYV DQG Rl WKH JOREDO VKDUH
time and now exceeds that of the EU ( Figure O-16). Like the pattern of specialization seen in other S&E indicators, each
region specializes in somewhat different types of activities. The United States has strength in aircraft and spacecraft and in
measuring and control instruments. High-technology manufacturing of aircraft and spacecraft involves a supply chain of other
KLIK WHFKQRORJ\ LQSXWV QDYLJDWLRQDO LQVWUXPHQWY FRPSXWLQJ PDFKLQHU\ DC
continue to be provided by U.S. suppliers. [l The EU is also relatively strong in these two areas of aircraft and spacecraft and
measuring and control instruments. China is the largest producer of a large subsector of high-technology manufacturing,

information and communications technology (ICT), with a 34% global share.
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IRWZLWKVWDQGLQJ &KLQD V UDSLG DGYDQFHV KLJK WHFKQRORJ\ PDQXIDFWXULQJ 1
lower value-added activities, such as final assembly. In semiconductors, for example, although Chinese companies have
gained global market share, China remains largely reliant on semiconductors supplied by foreign firms for most of its
production of smartphones and other electronic products (PwC 2014). In the pharmaceutical sector (China is the third largest
global producer of pharmaceuticals), output is largely made up of the production of generic drugs by Chinese-based firms and
the establishment of production facilities controlled by U.S. and EU multinational corporations (MNCs) (Huang 2015). In
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contrast, the EU and the United States, the two largest global producers in pharmaceuticals, focus on biologics, vaccines, and
stem cell therapies and closely integrate research, testing, and manufacturing of these pharmaceutical products (Donofrio and
Whitefoot 2015:25). Many MNCs continue to conduct their higher value-added activities in developed countries because of the
greater availability of skilled workers and stronger intellectual property protection.

&KLQD V LQGXVWU\ KRZHYHU LV H[SHFWHG WR PRYH LQWR HPHUJLQJ DQG FRPSOH[ W
R&D facilities and as research collaborations increase with academia (Donofrio and Whitefoot 2015:26). Recent developments
LQGLFDWH WKDW &KLQD V UDSLG LQYHVWPHQWY LQ EXLOGLQJ LWV 6 ( FDSDELOLWLHYV
producing advanced products. For example, China has made impressive progress in its supercomputing ability over the last

few years, an area in which it had little presence a decade ago, but where it now features prominently among the top 10

machines (see Chapter 6 sidebar China's Progress in Supercomputers). [21 The first large Chinese-made jetliner, the Comac

& VXFFHVVIXOO\ FRPSOHWHG LWV PDLGHQ WHVW IOLJKW LQ D NH\ VWHS LQ &KL
a global competitor in advanced technologies (Watt and Wong 2017).

$ FRXQWU\ V H[SRUWV RI .7- JRRGVY DQG VHUYLFHV UHIOHFW LWV DELOLW\ WR FRPSI
WHFKQRORJ\ SURGXFWV WRWDOHG WULOOLRQ LQ DQG DUH GRPLQDWHG E\ —-&7 ¢
high-technology goods (24% of the global share) and has a substantial surplus (as measured by gross market value of traded
SURGXFWY +RZHYHU EHFDXVH PDQ\ Rl &KLQD V H[SRUWV FRQVLVW RI LQSXWV DQG F
&KLQD V H[SRUWV DQG WUDGH VXUSOXV DUH OLNHO\ PXFK OHVV LQ YDOXH DGGHG WHL
(12%), and Taiwan (11%) are the next largest global exporters of high-technology goods. Vietham has experienced the fastest
rate of high-technology export growth of any single country and has become a low-cost location for assembly of cellular

phones and smartphones and other ICT products, with some firms shifting production out of China, where labor costs are
higher.

In medium-high-technology manufacturing industries (consisting of chemicals excluding pharmaceuticals, as well as
machinery and equipment, motor vehicles and parts, electrical machinery and appliances, and railroad and other
transportation equipment), global output totaled $3.3 trillion in value-added terms in 2016. Although these industries have
global and often complex value chains, production activities are generally located closer to the final market compared to
consumer electronics and other ICT industries with lightweight products (Donofrio and Whitefoot 2015:25). Transportation
costs are high in many of these industries due to large and heavy products and components. Furthermore, co-location of R&D
and design near the customers is advantageous for understanding customer needs and local market demand (Donofrio and

Whitefoot 2015:25). China is the largest global producer (32% of the global share) ( Figure O-17) in medium-high-technology

PDQXIDFWXULQJ LQGXVWULHYV 7KH (8 DQG WKH 8QLWHG 6WDWHY DUH URXJKO\ WLHG |
Japan is the third largest producer (10% of the global share).
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Source(s)
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Globally, exports of medium-high-technology products totaled $3.4 trillion in 2016, with the EU being the largest exporter,
followed by China, Japan, and the United States. The EU is the largest exporter in motor vehicles and parts, chemicals
H[FOXGLQJ SKDUPDFHXWLFDOV DQG PDFKLQHU\ DQG HTXLSPHQW &KLQD LV WKH ZRUGQC

appliances.
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In addition to technology-intensive manufacturing, KTl industries also include the public Kl services of education and
health and a range of commercial services that totaled $11.6 trillion in value-added terms in 2016. [31 Commercial Kl services
include finance (banking, insurance, securities, stock market, etc.); business (engineering, consulting, and R&D services); and
information services (computer programming and IT services).

Unlike technology-intensive manufacturing industries, more than half of the global output of commercial K| services comes
from the United States (31%) and the EU (21%). China (17%) and Japan (6%) are the next largest global producers ( Figure
0-18 $OWKRXJIK &KLQD V UHODWLYH SRVLWLRQ LV QRW DV VWURQJ LQ VHUYLFHV DV LC
progress. In the rest of the developing world, India and Indonesia accounted for growing shares of global commercial Kil
VHUYLFHVY RXWSXW -QGLD V JURZWK ZDV OHG E\ ILUPV WKDW SURYLGH EXVLQHVV DQC
developed countries. Indonesia had strong gains in financial services and business services.
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and information services. Data are not available for EU members Cyprus, Estonia, Latvia, Lithuania, Luxembourg, Malta, and
Slovenia. China includes Hong Kong. Other selected Asia includes India, Indonesia, Malaysia, Philippines, Singapore, South Korea,

Taiwan, and Vietnam.

Source(s)
-+6 *OREDO -QVLJKW b:RUOG -QGXVWU\ 6HUYLFH GDWDEDVH 6HH $SSHQGL[ 7DEO}

Science and Engineering Indicators 2018

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

countries.

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

(2] &KLQD KDG Rl LWV VXSHUFRPSXWHUYVY OLVWHG LQ WKH ZRUOGH¥paXMR S VXSHUFRP.
www.top500.org/statistics/sublist/ ).

Bl 3XEOLF .— VHUYLFHV KHDOWK DQG HGXFDWLRQ DUH PXFK OHVVY PDUNHW GULYHQ WK
FRPSDULVRQ RI WKHVH VHFWRUV LV FRPSOLFDWHG E\ YDULDWLRQV LQ WKH VL]H DQG
structure, and degree of government involvement and regulation. As a result, differences in market-generated, value-added

data may not accurately reflect differences in the relative value of these services. The Overview presents other indicators for

education such as data on degrees awarded in Chapter 2.


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

Over the past quarter century, countries have increasingly come to view scientific and technical capabilities as engines of
economic growth. Many countries have intensified efforts to build their S&T capabilities in a wide variety of areas and have
become part of, and benefit from, the emerging global S&E landscape. Consequently, this landscape has undergone dramatic
shifts: traditionally centered around the United States, Western Europe, and Japan, the S&E landscape is now increasingly
multipolar. Generally, S&T growth has been faster in the developing than in the developed world, and the historically
dominant developed nations have seen their relative share of global S&T activity shrink, even as their absolute activity levels
NHSW ULVLQJ &KLQD V UDSLG XQSUHFHGHQWHG DQG VXVWDLQHG JURZWK KDV EHHQ
Korea, and other Asian economies as countries around the world, building on their relative strengths, added to global S&T
capabilities. These developments have taken place in the context of an increasingly interconnected world. Capacity building
and enhancements in R&D, human capital, global supply chains, and other global infrastructure, along with dramatic changes
in communications technologies, have facilitated the interconnected nature and greater international collaboration and
competition in S&E activities.

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

Academic institutions in the developing world have increased their production of graduates with S&E degrees, with China
leading the growth in the number of these graduates. R&D expenditures in Asia have also grown rapidly, particularly in China
DQG 6RXWK .RUHD -Q WKH 8QLWHG 6WDWHYV DQG WKH (8 JURZWK KDV FRQWLQXHG EX
H[SHQGLWXUHY DUH QRZ VHFRQG RQO\ WR WKRVH RI WKH 8QLWHG 6WDWHYV LQ DQQXDC
H[SHQGLWXUHVY DQG LQ 6 ( GHJUHHVY ERWK DW WKH EDFKHORU V DQG GRFWRUDO GHJ
publications.

5" FRQFHQWUDWLRQ DQG LQWHOOHFWXDO SURSHUW\ UHODWHG DFWLYLWLHYV DUH L«
economies appear to be specializing in S&E, as evidenced by high rates of R&D intensity in countries such as Israel (not
shown), South Korea, Taiwan, and Singapore. Commercial S&E activity has a large concentration in parts of South and East
Asia. Although Japan has been declining in some measures of S&E activates related to knowledge creation (such as its share of
S&E publications), the country still rates highly in terms of total publications and patents granted. South Korea and Taiwan

have experienced rapid growth in patenting and in intellectual property exports.

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

The developed world, particularly the economies of the United States, the EU, and Japan, maintains the bulk of Kl
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.



. National Science Board | Science & Engineering Indicators 2018 O| 41

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

7KH YHU\ QDWXUH RI GHYHORSPHQWYV LQ 6 7 XQH[SHFWHG LQVLIJKWY WHFKQRORJLFI

uncertainties in the broader national and global environment, preclude a simple projection of past trends into the future. In

that sense, this Overview presents a snapshot of the world in a particular point in time. However, barring a major dislocation,
careful analysis and interpretation of the related indicators presented here allow a realistic understanding of the likely overall
direction of the global S&T landscape: dynamic, fast changing, integrated, interdependent, competitive, and tied together by a

global infrastructure.
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What Makes a Good Indicator?

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

States and globally through high-quality quantitative data from domestic and international sources. The data are
LQGLFDWRUV WKDW LV TXDQWLWDWLYH VXPPDU\ LQIRUPDWLRQ RQ WKH VFRSH TX
(S&E) enterprise or its change over time. The Methodology Appendix of the report provides detailed information on the
methodological, statistical, and data-quality criteria used for the report. This sidebar provides a brief and high-level
summary of the data sources used in this report and data-quality issues that influence the interpretation and accuracy of
the information presented in  /ndicators .

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

A good indicator for the report is policy relevant, in that it contributes to an understanding of the current environment

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

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

Many of the indicators in the report are collected in surveys that are conducted by federal statistical agencies in the

United States and other countries. Well-constructed surveys align the questions asked of respondents to the concepts

that the indicator is intended to measure and provide the detailed category breakdowns that are most relevant to data

users. How well the survey-based indicator represents the intended population depends on how well the survey has

EHHQ DEOH WR REWDLQ UHVSRQVHV IURP WKH WDUJHWHG SRSXODWLRQ 7KH LQGLFL

on number of respondents; more is better.

Some indicators used in the report come not from surveys but from data collected by companies, governments, and
organizations as part of their ongoing internal activities; these data are administrative data. Patent and bibliometric data
(Chapter 5, Chapter 6, and Chapter 8) are two examples. Because the data collection was not originally intended as an
indicator, these data may not fully correspond to the intended use for Indicators and may not fully represent the desired
population. Good features of these kinds of data are that the respondent burden is low because the data already exist,

data sets are often very large, and the data source often has structured the data carefully, though generally for uses

other than as an indicator. Additionally, these data are often available with a shorter delay than is possible with survey
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data production cycles. In these cases, transparency about the difference between the concept intended and the actual

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

Indicators is prepared for the National Science Board by the National Center for Science and Engineering Statistics

(NCSES), a federal statistical agency within the National Science Foundation. Many of the individual indicators presented

DUH IURP 1&6(6 V RZQ VXUYH\V DV ZHOO DV IURP 8 6 DQG RWKHU QDWLRQV VWDWLYV
indicators, wherever possible international data comparisons are presented using data that have been harmonized by

international organizations, such as the Organisation for Economic Co-operation and Development and the United

Nations, or has been prepared for NCSES across countries using consistent standards.

Glossary

Definitions

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

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

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

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

subset of business services.

Inventionn. 7KH GHYHORSPHQW RI VRPHWKLQJ QHZ WKDW KDV D SUDFWLFDO EHQW SRWHQW

nonobvious.

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

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

Knowledge- and technology-intensive (KTI) industries: Those industries that have a particularly strong link to science and
technology. These industries are five service industries (financial, business, communications, education, and health care); five

high-technology manufacturing industries (aerospace, pharmaceuticals, computers and office machinery, semiconductors and
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communications equipment, and measuring, medical, navigation, optical, and testing instruments); and five medium-high-

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

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

Medium-high-technology manufacturing industries: Industries formerly classified by the Organisation for Economic Co-
operation and Development that spend a relatively high proportion of their revenue on R&D. These industries consist of

motor vehicles and parts, chemicals excluding pharmaceuticals as well as electrical machinery and appliances, machinery and
equipment, and railroad and other transportation equipment.

Research and development ( R&D): Research and experimental development comprise creative and systematic work
XQGHUWDNHQ WR LQFUHDVH WKH VWRFN RI NQRZOHGJH LQFOXGLQJ NQRZOHGJH RI KXI
devise new applications of available knowledge.

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

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

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

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

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

Key to Acronyms and Abbreviations

ARRA:American Recovery and Reinvestment Act
EC:European Commission

EU: European Union

FFRDC:federally funded R&D center

GDP: gross domestic product

HT: high technology

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

Kl: knowledge intensive

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

MNC: multinational corporation

NCSESNational Center for Science and Engineering Statistics
OECD:Organisation for Economic Co-operation and Development
PPP:purchasing power parity

R&D: research and development

ROW:rest of world

S&E:science and engineering

S&T: science and technology

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

WebCASPAR Integrated Science and Engineering Resources Data System

WIPO: World Intellectual Property Organization
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CHAPTER 1

Elementary and Secondary Mathematics and Science
Education
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Highlights

Student Learning in Mathematics and Science

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

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

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

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

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

Less than half of fourth, eighth, and twelfth grade students achiev  ed a level of proficient G H L Q Hd@id@dademic
performance ) or higher on NAEP mathematics and science assessments in 2015.

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

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

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

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

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

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

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

$ VWXG\ EDVHG RQ WKH PDWKHPDWLFV DQG VFLHQFH DVVHVVPHQW VFRUHV DPRQ.
that gaps in average scores by race or ethnicity and family income level evident in kindergarten do not narrow by the
end of third grade.

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

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

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

2Q WKH 7-066 PDWKHPDWLFVY DVVHVVPHQW DYHUDJH VFRUHV IRU WKH WRS ILYH S
.RUHD 7DLZDQ DQG -DSDQ ZHUH DW OHDVW SRLQWYV KLIKHU WKDQ WKH 8QLWH(

DW OHDVW SRLQWV KLIJKHU WKDQ WKH 8QLWHG 6WDWHY DW JUDGH YHUV
7KH 8QLWHG 6WDWHY DYHUDJH VFRUH RI RQ WKH 3-6%$ PDWKHPDWLFVY OLWHUD!

SRLQWYV EHORZ WKH DYHUDJH VFRUHV RI WKH WRS ILYH SHUIRUPHUYV 6LQ
and Japan.

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

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

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

7KH 8QLWHG 6 WDWHV DYHUDJH VFLHQFH OLWHUDF\ VFRUH RI ZDV QRW VLJQLIL
Economic Co-operation and Development (OECD) average and put the United States behind 18 other education

systems. In contrast, the mathematics literacy score was below the OECD average and put the United States behind

36 other education systems.
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High School Coursetaking in Mathematics and Science

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

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

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

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

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

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

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

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

Teachers of Mathematics and Science

7KH PDMRULW\ RI .+ PDWKHPDWLFV DQG VFLHQFH WHDFKHUV KHOG D WHDFKLQJ FHI
years or more.

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

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

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

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

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

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

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

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

-Q WKH LQWHUQDWLRQDO DUHQD WKH 8QLWHG 6WDWHYV UDQNV ORZ DPRQJ GHYHC
relative to the salaries of other college-educated workers. For primary school teachers, the U.S. ranking is 20th of 23
countries. For lower and upper secondary school teachers, the United States is 21st of 23 countries.

Instructional Technology and Digital Learning

7K

H XVH RI LQVWUXFWLRQDO WH FKQ Rgdwd ) ahdthe humtbeOddEhoDIRVRtP Ateljuaté bandwidth

for accessing the Internet has increased .

The

-Q RI . SXEOLF VFKRRO WHDFKHUYVY UHSRUWHG WKDW WKH\ KDG RQH RU P
69% said that they or their students often or sometimes used computers during class time.

In 2016, more than two-thirds of school district technology administrators indicated that all the schools in their
GLVWULFW IXO0\ PHW WKH )HGHUDO &RPPXQLFDWLRQ &RPPLVVLRQ V - QWHUQHW I
up from 19% in 2012.

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

learning.

number of students participating in online learning has also risen .

-Q WKH VFKRRO \HDU VWDWHYV RSHUDWHG YLUWXDO VFKRROV WKDW RIIHL
students. These schools served more than 462,000 students, who took a total of 815,000 online semester-long

FRXUVHV $OWKRXJK VWLOO D VPDOO IUDFWLRQ RI WKH DSSUR[LPDWHO\ PLOOLT
ZDV D VXEVWDQWLDO LQFUHDVH VLQFH ZKHQ VHPHVWHU FRXUVH HQUF

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

science courses made up 14%.

Transition to Higher Education

u.s

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

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

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

graduation rates than other racial or ethnic subgroups

In 2015, the on-time high school graduation rates for Asian or Pacific Islander and white students were 90% and
88%, respectively; and both rates surpassed those of black, Hispanic, and American Indian or Alaska Native students
E\ DW OHDVW SHUFHQWDJH SRLQWYV

Immediate college enroliment rates have increased for all students from 1975 to 201 5, although differences remain for

demographic groups.

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

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

Enrollment rates also varied widely with parental education, ranging in 2015 from 56% for students whose parents
KDG OHVV WKDQ D KLJK VFKRRO HGXFDWLRQ WR IRU VWXGHQWY ZKRVH SDUHQ\

Introduction

Chapter Overview

Elementary and secondary education in mathematics and science is the foundation of human capital that advances science
and engineering research, technology development, innovation, and economic growth. Every U.S.-educated scientist and
HQJLQHHU EHJLQV KLV RU KHU VFLHQFH WHFKQRORJ\ HQJLQHHULQJ DQG PDWKHPDW
talents may be built or discovered, interest in STEM cultivated, and knowledge acquired that allows students to succeed in
pursuing STEM degrees in postsecondary education. For those who do not pursue STEM, the mathematics and science
NQRZOHGJH QHHGHG WR IXQFWLRQ DV FRQVXPHUV DQG FLWL]JHQV HPHUJHV ODUJHO\ Il
DQG VWDWH SROLF\PDNHUV HGXFDWRUV DQG OHJLVODWRUV DUH ZRUNLQJ WR EURDG
Efforts to improve mathematics and science learning include promoting early participation in STEM in the elementary grades,
increasing advanced coursetaking in high school, recruiting and training more mathematics and science teachers, and

expanding secondary education programs that prepare students to enter STEM fields in college.

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

DVVHVVPHQWY DQG LQGLFDWRUV IRU PRQLWRULQJ SURJUHVYVY LQ .+ PDWKHPDWLFV D(
have adopted and implemented the Common Core State Standards in mathematics, and 18 states and the District of
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Columbia have adopted the Next Generation Science Standards. Progress is also being made on a national system for
monitoring progress in STEM education (see sidebar '"HYHORSLQJ D . 67(0 (GXFDWLRYR -QGLFDWRU 6\VV
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'"HYHORSLQJ D . 67(0 (GXFDWLRQ -QGLFDWRU 6\VWHP

In 2011, the National Research Council (NRC) released Successful K-12 STEM Education: Identifying Effective Approaches

in Science, Technology, Engineering, and Mathematics , which describes the components of successful science,

technology, engineering, and mathematics (STEM) education (National Research Council [NRC] 2011). In response,

Congress requested that the National Science Foundation (NSF) identify methods for tracking and evaluating the

implementation of the components recommended by the NRC. An NRC-convened committee authored a second report

that outlined 14 indicators of successful STEM education that could be monitored and tracked, including markers of

VWXGHQWY DFFHVV WR TXDOLW\ OHDUQLQJ HGXFDWRUV FDSDFLW\ DQG 67(0 SROL
also addressed the need for research and data that could be used to measure progress on each indicator, noting that

many of the indicators required new kinds of data collection, additional research, and conceptual development.

The STEM Indicators project has identified data sources that can be used for the indicators and other areas in which new

data sources are needed ( http://stemindicators.org/ ). New data sources include new questions on the National Teacher

DQG 3ULQFLSDO 6XUYH\ RI ZKLFK ZLOO FROOHFW IRU WKH ILUVW WLPH GDWD
of instructional time devoted to science, and teacher professional development in STEM topics. NSF has funded 15

research projects investigating valid and reliable measurement of the indicators and has initiated another grant cycle for

additional research and development ( http://stemindicators.org/stem-education-researchers/dclprojects/ ).

Chapter Organization

7R SURYLGH D SRUWUDLW RI .+ 67(0 HGXFDWLRQ LQ WKH 8QLWHG 6WDWHY LQFOXG
that of other nations, this chapter compiles indicators of pre-college mathematics and science teaching and learning based
mainly on data from the National Center for Education Statistics (NCES) of the Department of Education, supplemented by
other public sources. Table 1-1 contains an overview of the topics covered in this chapter and the indicators used to address

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

This chapter focuses on overall patterns in STEM education and reports variation in STEM access and performance by
VWXGHQWY VRFLRHFRQRPLF VWDWXV 6(6 UDFH RU HWKQLFLW\ DQG VH[ 7KH FKDSW
racial or ethnic groups. Research suggests that STEM education can provide historically underrepresented populations with
pathways for obtaining good jobs and a higher standard of living, if they can access these opportunities (Doerschuk et al.
2016; Leadership Conference Education Fund 2015; Wang and Degol 2016). Data in this chapter reveal consistent achievement
DQG RSSRUWXQLW\ JDSV LQ 67(0 HGXFDWLRQ DFURVYV WKH . VSHFWUXP :LWK IHZ H[F
effects of SES on achievement levels, early and persisting differences among racial or ethnic groups, often substantial
achievement differences by SES within racial or ethnic groups, and some differences in male and female achievement. These
results are consistent across all types of data discussed, including tests of different student panels, tests that follow specific
age cohorts, international tests, student coursetaking in high school, on-time high school graduation rates, scores on college

readiness assessments, and immediate college enroliment rates.

7KLY FKDSWHU LV RUJDQL]J]HG LQWR ILYH VHFWLRQV 7KH ILUVW VHFWLRQ SUHVHQW\
subjects in elementary and secondary school. It begins with a review of national trends in mathematics and science
assessment scores in grades 4, 8, and 12, using data from the National Assessment of Educational Progress (NAEP). The NAEP
VHFWLRQ DOVR LQFOXGHY GDWD IURP D QHZ DVVHVVPHQW RI HLJKWK JUDGHUV WHFK(


https://www.nsf.gov/cgi-bin/goodbye?http://stemindicators.org/
https://www.nsf.gov/cgi-bin/goodbye?http://stemindicators.org/stem-education-researchers/dclprojects/

.7 National Science Board | Science & Engineering Indicators 2018 1] 11

Unpatt

| cHAPTER 1| Elementary and Secondary Mathematics and Science Education

SUHVHQWY GDWD IURP D ORQJLWXGLQDO VWXG\ WKDW WUDFNV LQGLYLGXDO VWXGHQYV
WLPH WKH (DUO\ & KLOGKRRG /RQJLWXGLQDO 6WXG\ .LQGHUJDUWHQ &0ODVV RI (
student performance in an international context, using data from two international studies: the Trends in International

Mathematics and Science Study (TIMSS), which examines the mathematics and science performance of students in grades 4, 8,

and 12; and the Program for International Student Assessment (PISA), which examines the mathematics and science literacy of

15-year-olds.

7KH VHFRQG VHFWLRQ IRFXVHY RQ 67(0 FRXUVHWDNLQJ LQ KLJK VFKRRO 8VLQJ GDW
R +6/6 GDWD IURP WKH &ROOHJH %RDUG V $GYDQFHG 30DFHPHQW $3 SURJUD
(GXFDWLRQ V 2IILFH IRU &LYLO 5LJKWV LW H[DPLQHV KLJK VFKRRO VWXGHQWY SDUW|

including engineering and computer science.

The third section turns to U.S. elementary, middle, and high school mathematics and science teachers, reviewing data
presented in Science and Engineering Indicators 2016 (National Science Board [NSB] 2016) and presenting new data
FRPSDULQJ 8 6 WHDFKHUV VDODULHV ZLWK WKRVH RI WKHLU SHHUV LQ RWKHU FRXQV

7KH IRXUWK VHFWLRQ H[DPLQHV KRZ WHFKQRORJ\ LV XVHG LQ .+ HGXFDWLRQ 7KH
national data on the availability or use of various technological devices in classrooms, Internet access in schools, and the
SUHYDOHQFH RI RQOLQH OHDUQLQJ DPRQJ . VWXGHQWY -W WKHQ SURYLGHV D UHYL

an instructional tool to improve student learning outcomes.

7KH ILIWK VHFWLRQ IRFXVHVY RQ LQGLFDWRUV UHODWHG WR 8 6 VWXGHQWY WUDQV
presents national data for on-time high school graduation rates, trends in immediate college enroliment after high school,
DFDGHPLF UHDGLQHVYV IRU FROOHJH DQG VWXGHQWY SODQV WR PDMRU LQ D 67(0 VXI
school graduation rates of U.S. students relative to those of their peers in other countries. Together, these indicators present a
broad picture of the transition of U.S. students from high school to postsecondary education, the topic of Chapter 2.
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Indicators of elementary and secondary school mathematics and science education

(Topic and indicator)

Topic Indicator

7UHQGV LQ IRXUWK HLJKWK DQG WZHOIWK JUDGHUV PDWKHPDWLFV SHUIRUPDQFH V

Student learning in (LJKWK JUDGHUV WHFKQRORJ\ DQG HQJLQHHULQJ OLWHUDF\ LQ
mathematics and ODWKHPDWLFV DQG VFLHQFH SHUIRUPDQFH RI ILUVW WLPH NLQGHUJDUWHQ VWXGHQV
science ~QWHUQDWLRQDO FRPSDULVRQV RI PDWKHPDWLFV DQG VFLHQFH SHUIRUPDQFH RI VW

-QWHUQDWLRQDO FRPSDULVRQV RI \HDU ROGVY PDWKHPDWLFV DQG VFLHQFH OLWH

Student
coursetaking in +LJKHVW PDWKHPDWLFV DQG VFLHQFH FRXUVH HQUROOPHQW RI KLJK VFKRRO FRPSOI
mathematics and 7UHQGYV LQ SDUWLFLSDWLRQ DQG SHUIRUPDQFH LQ WKH $GYDQFHG 30DFHPHQW SURJ

science

Teachers of
&HUWLILFDWLRQ H[SHULHQFH DQG VDODULHV RI 8 6 PDWKHPDWLFVY DQG VFLHQFH W

-QWHUQDWLRQDO FRPSDULVRQV RI WHDFKHU VDODULHV LQ

mathematics and

science

Instructional
technology and 5HYLHZ RI HPHUJLQJ SUDFWLFHV RI LQVWUXFWLRQDO WHFKQRORJ\ DQG RQOLQH OHD

digital learning

7UHQGY LQ RQ WLPH KLJK VFKRRO JUDGXDWLRQ UDWHV IURP WR

-QWHUQDWLRQDO FRPSDULVRQV RI VHFRQGDU\ VFKRRO JUDGXDWLRQ UDWHV LQ
Transitions to higher

-PPHGLDWH FROOHJH HQUROOPHQW IURP WR

education
+LJK VFKRRO VWXGHQWYV UHSRUWLQJ SODQV IRU D SRVWVHFRQGDU\ 67(0 PDMRU LQ

+LJK VFKRRO VWXGHQWY PHHWLQJ FROOHJH UHDGLQHVYV EHQFKPDUNYV LQ

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

Increasing academic achievementfor al/ VWXGHQWYVY ZLWK DQ HPSKDVLY RQ LPSURYLQJ WKH SHUIRI
VWXGHQWY LV D FULWLFDO JRDO RI HGXFDWLRQ UHIRUP LQ WKH 8QLWHG 6WDWHV -W
diversity of students achieving at the highest academic levels. Many educators and policymakers focus on improving student
OHDUQLQJ LQ 67(0 VXEMHFWYVY EHFDXVH ZRUNHUV SURILFLHQF\ LQ 67(0 ILHOGV LV FRQ

$WNLQVRQ DQG OD\R 3&%$67 7KLV VHFWLRQ SUHVHQWY LQGLFDWRUV RI 8 6 V\
elementary and secondary school. It begins with a review of national trends in scores on mathematics and science
DVVHVVPHQWY XVLQJ GDWD IURP 1$(3 1H[W LW SUHVHQWY GDWD IURP (&/6 . ZKLF

kindergarten to third grade. The section ends by placing U.S. student performance in an international context, comparing the
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mathematics and science literacy of U.S. 15-year-olds and the mathematics and science performance of U.S. fourth, eighth,
and twelfth graders with those of their peers in other countries.

1IDWLRQDO 7UHQGV LQ . B6WXGHQW $FKLHYHPHQW

7KLV VXEVHFWLRQ ORRNV DW WUHQGV LQ 8 6 VWXGHQWYV DFKLHYHPHQW LQ PDWKH
IURP 1$(3 WKH ODUJHVW QDWLRQDOO\ UHSUHVHQWDWLYH DQG FRQWLQXLQJ DVVHVVPI
various subject areas. Contributing to this review are 2015 data from the main NAEP mathematics and science assessments of
students in grades 4, 8, and 12. All NAEP assessments include students from public and private schools, so results are
representative of the in-school population in the United States. Comparable NAEP data are available beginning in 1990 for
mathematics for grades 4 and 8 and beginning in 2005 for grade 12.  [1] Comparable science data are available since 2009 for
all three grades. [21 NAEP 2015 includes the first science achievement data collected for fourth and twelfth graders in 6 years
and for eighth graders in 4 years. The section also provides information about student performance in technology and
engineering, based on results from a new NAEP assessment, technology and engineering literacy (TEL), which was first
administered to eighth graders in 2014. TEL will be administered to students in grades 4 and 12 in future years.

Reporting Results for the Main NAEP

The main NAEP reports student performance in two ways: scale scores and student achievement levels. A scaled score is
the total number of correct questions (raw score) on an exam that have been converted onto a consistent and standardized
scale. This standardization allows scores reported from a test to have consistent meaning for all test takers, especially across
different editions of the same test. Main NAEP scale scores range from 0 to 500 for grades 4 and 8 and from 0 to 300 for grade
12 on the mathematics assessment. On the science and TEL assessments, however, the scale scores range from 0 to 300 for
all students. With broad input from the public, educators, and policymakers, the National Assessment Governing Board
(NAGB), an independent board that sets policy for NAEP, has developed achievement levels that indicate the extent of
VWXGHQWY DFKLHYHPHQW H[SHFWHG IRU D SDUWLFXODU JUDGH OHYHO 7KHUH KDV E
rigorous; thus, results should be interpreted with caution (Loveless 2016).  [3] The three grade-specific achievement levels for
mathematics, science, and technology/engineering literacy are the following:

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

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

points for fourth graders and 9 points for eighth graders ( Figure 1-1).
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$YHUDJH 1$(3 PDWKHPDWLFV VFRUHV RI VWXGHQWY LQ JUDGHYV
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NAEP = National Assessment of Educational Progress.

Note(s)

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

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016) of NAEP 1990, 1992,
1996, 2000, 2003, 2005, 2007, 2009, 2011, 2013, and 2015 mathematics assessments, National Center for Education Statistics. See
Appendix Table 1-1.

Science and Engineering Indicators 2018

Socioeconomic status. NAEP uses eligibility for the National School Lunch Program (NSLP) as an indicator for SES, with
eligibility for the program considered an indicator of SES. It is widely understood that eligibility for the NSLP is an inadequate
measure of student poverty or SES for a variety of reasons (Cowan et al. 2012; Snyder and Musu-Gillette 2015). For example,
VWXGHQWY DERYH WKH IHGHUDO SRYHUW\ OHYHO PD\ VWLOO TXDOLI\ IRU WKH 16/3 DC
include such factors as parental education and occupation in addition to measures of poverty. NAGB and others continue to
report school lunch eligibility as a proxy for SES because it is the only measure that is available at the school level. Information
on family income, parental education, parental occupation, and other factors needed to better capture SES are not readily
available. NAGB is pursuing other ways to report SES for students taking NAEP exams. In the meantime, readers should
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interpret SES results reported here with the understanding that eligibility for school lunch is not a precise measure of the

construct.

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

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

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

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

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

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

(Average score)

Socioeconomic status 2 Sex
Grade and race or ethnicity
Eligible for free or reduced-price lunch Not eligible for free or reduced-price lunch Male | Female

All students in grade 4 b b b b
White 237 255 249 247
Black 221 237 223 225
HispanicP? 227 244 | 231 229
Asian or Pacific Islander 241 266 259 255

American Indian or Alaska

223 239 228 226
Native
More than one race 233 256 | 246 244
All students in grade 8 b b b b
White 276 298 292 201
Black 256 273 259 262
Hispanic? 266 282 | 270 270
Asian or Pacific Islander 291 316 305 306
American Indian or Alaska
) 260 280 265 270
Native
More than one race 271 296 285 285
All students in grade 12 b b b b
White 145 164 161 159
Black 124 140 129 131
HispanicP 135 144 | 141 136
Asian or Pacific Islander 157 177 171 169
American Indian or Alaska
133 S 141 S

Native

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

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

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

Note(s)

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

Source(s)

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

mathematics assessment, National Center for Education Statistics.

Science and Engineering Indicators 2018

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

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

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

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

Socioeconomic status. Students who were not eligible for free or reduced-price lunch (high SES) performed better than
eligible (low SES) students at all grade levels (Appendix Table 1-3). For example, the gap between non-eligible and eligible
fourth graders in 2015 was 29 points. Among eighth graders, the gap was 27 points, and twelfth graders had a gap of 26
points. The gap between non-eligible and eligible students did not decrease significantly between 2009 and 2015 for any
grade level.
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Race or ethnicity . As with mathematics, average science scores varied by race or ethnicity at all grade levels, with Asian or
3DFLILF -VODQGHU DQG ZKLWH VWXGHQWY VFRULQJ SRLQWY DERYH WKH DYHUDJH
$ODVND 1DWLYH VWXGHQWY VFRULQJ SRLQWYV EHORZ $SSHQGL[ 7TDEOH 7KH JD
students and between those of white and Hispanic students have narrowed slightly since 2009 in grades 4 and 8 but not in

grade 12.

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

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

grade 12.

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

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

(Average score)

Socioeconomic status 2 Sex
Grade and race or ethnicity
Eligible for free or reduced-price lunch Not eligible for free or reduced-price lunch Male | Female

All students in grade 4 b b b b
White 154 172 166 165
Black 129 148 132 134
HispanicP? 134 157 | 139 139
Asian or Pacific Islander 150 178 168 166

American Indian or Alaska

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

Native

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

NAEP = National Assessment of Educational Progress.

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

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

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

Source(s)
National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016) of main NAEP 2015
science assessment, National Center for Education Statistics.

Science and Engineering Indicators 2018

Technology and Engineering Performance of Students in Grade 8 in 2014

The NAEP TEL assessment is the newest addition to NAEP assessment tests. It was first administered in winter 2014 to a
QDWLRQDOO\ UHSUHVHQWDWLYH VDPSOH Rl HLJKWK JUDGHUVY 5DWKHU WKDQ WHVWLQ
produce technology, TEL was designed to gauge how well students can apply their understanding of technology principles to
real-life situations. TEL departs from the typical NAEP assessment design because it is completely computer based and
LQFOXGHY LQWHUDFWLYH VFHQDULR EDVHG WDVNV DQ LQ QRovDH NAER TethROBBYQRIQW R 13
Engineering Literacy Assessment ).
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About the NAEP Technology and Engineering Literacy Assessment

The National Assessment Governing Board (NAGB) is an independent, bipartisan organization that oversees the National

Assessment of Educational Progress (NAEP). Because of the growing importance of technology and engineering in the
HGXFDWLRQDO ODQGVFDSH DQG WR VXSSRUW $PHULFD V DELOLW\ WR FRQWULEXWH
LQ WR GHYHORS D IUDPHZRUN IRU D QDWLRQDO DVVHVVPHQW RI VWXGHQWY NQR
engineering (NAGB 2013). NAGB solicited input for the framework from technology and engineering experts, business

leaders, educational policymakers, teachers, parents, and the public via regional forums, webinars, and committee

meetings to draft and refine the NAEP technology and engineering literacy (TEL) framework. The framework describes

the specific knowledge and skills to be assessed and how the assessment questions should be designed and scored. In

WKH IUDPHZRUN WHFKQRORJ\ LV GHILQHG DV DQ\ PRGLILFDWLRQ RI WKH QDWXUDO
DQG HQJLQHHULQJ LV D V\VWHPDWLF DQG RIWHQ LWHUDWLYH DSSURDFK WR GHVLJQ

KXPDQ QHHGYV DQG ZDQWYV 1$*% [L 7KH IUDPHZRUN GHILQHV WHFKQRORJLFDO C
to use, understand, and evaluate technology as well as to understand technological principles and strategies needed to
GHYHORS VROXWLRQV DQG DFKLHYH JRDOV 1$*% [L

The first completely computer-based NAEP assessment, TEL includes interactive scenario-based tasks in addition to

more traditional short-answer and multiple-choice questions. * Using videos and interactive graphics, scenario-based

tasks ask students to demonstrate their knowledge and skills to solve problems within realistic situations. For example,

one task requires students to develop an online exhibit on water pollution, whereas other tasks require students to

design a safe bike lane or create an ideal iguana habitat. Each scenario includes several questions and takes between 10

and 30 minutes to complete. These scenario-based tasks are designed to measure three major interconnected content

DUHDV 7THFKQRORJ\ DQG 6RFLHW\ 'HVLJQ DQG 6\VWHPV DQG -QIRUPDWLRQ DQG &RP
SUDFWLFHV WKDW FXW DFURVV WKH FRQWHQW DUHDV 8QGHUVWDQGLQJ 7THFKQRORJL
*RDOV DQG &RPPXQLFDWLQJ DQG &ROODERUDWLQJ 6RPH WDVNV PHDVXUH VWXGHQ\
and other tasks measure more than one content area or practice.

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

* All NAEP exams were digitally administered as of 2017.

The average TEL score was set to 150 out of 300 as a baseline for future comparisons, and 43% of test takers scored at or

above the proficient level (Appendix Table 1-5).

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

Race or ethnicity. The average scores for Asian or Pacific Islander (159) and white (160) students were higher than the
average scores for Hispanic (138) and black (128) students. More than half of Asian or Pacific Islander and white students

scored at or above the proficient level, compared with 28% of Hispanic students and 18% of black students.
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Sex. )HPDOH VWXGHQWY KDG DQ DYHUDJH VFRUH RI ZKLFK ZDV VOLJKWO\ KLJKHU \
slightly higher percentage of female than male students scored at or above the proficient level (45% versus 42%).

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

TABLE 1-4

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

(Average score)
Socioeconomic status 2 Sex

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

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

American Indian or Alaska
) 137 S S S
Native

More than one race 143 163 149 160

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

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

lunch program.

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

Note(s)

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

Source(s)

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

technology and engineering literacy assessment, National Center for Education Statistics.

Science and Engineering Indicators 2018
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State-Level Performance in Mathematics and Science in 2015

In addition to reporting NAEP achievement at the national level, NAEP also reports achievement at the state level. The
NAEP sample in each state is designed to be representative of the students in that state, and results can be compared across
states. At the state level, results are reported for public school students only and are broken down by several demographic
groupings. In this chapter, we present 2015 NAEP state-level data (average scores and percentages reaching proficient or
above) broken out by sex and race or ethnicity for fourth and eighth graders in mathematics and science (Appendix Table 1-6
through Appendix Table 1-13). The Science and Engineering Indicators State Indicators data tool provides NAEP performance
DQG SURILFLHQF\ GDWD IRU DOO VWXGHQWY LQ HDFK VWDWH QRW EURNHQ RXW E\ VH]

Mathematics and Science Knowledge in Early Childhood

(&/6 . LV D QDWLRQDOO\ UHSUHVHQWDWLYH ORQJLWXGLQDO VWXG\ RI FKLOGUHC
(Mulligan, Hastedt, and McCarroll 2012). Data for the ECLS-K:2011 study were first collected in fall 2010 from approximately
18,200 kindergarten students. ECLS-K:2011 has followed and tested the same student sample each year through spring 2016,
when most students were in fifth grade. This section provides information about mathematics and science achievement for
FKLOGUHQ LQ WKH (&/6 . FRKRUW ZKR ZHUH LQ NLQGHUJDUWHQ IRU WKH ILUVW WLF
JUDGH E\ WKH VSULQJ RI -W FRPSDUHV VWXGHQWY PDWKHPDWLFV VFRUHV IURP W
JUDGH DQG VWXGHQWYVY VFLHQFH VFRUHV IURP WKH EHJLQQLQJ RI ILUVW JUDGH WR W
kindergarten. Results are reported as scale scores and are used here for comparative purposes rather than as indicators of
VWXGHQW SURJUHVV LQ PHHWLQJ JUDGH OHYHO REMHFWLYHV 6WXGHQWY PDWKHPDW
compared with each other because scales are developed independently for each subject. The possible range of scores for the
WKLUG JUDGH PDWKHPDWLFV DVVHVVPHQW LQ VSULQJ ZDV ZLWK DQ DFWXDO L
average score of 99 ( Table 1-5; Appendix Table 1-14). The possible range of scores for the third grade science assessment in
VSULQJ ZDV ZLWK DQ DFWXDO UDQJH RI VFRUHV RI DQG DQ RYHUDOO DYHU
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TABLE 1-5

Average mathematics and science assessment test scores of children who were in kindergarten
IRU WKH ILUVW WLPH GXULQJ WKH VFKRRO \HDU DQG LQ WKLUG
year, by child and family characteristics

(Average score)

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

All children 29.3 99.2 23.9 55.6
Sex b b b b
Male 29.4 100.9 239 56.3
Female 29.2 97.4 23.9 55.0
Race or ethnicity b b b b b
White 31.7 102.9 26.0 58.5
Black 25.8 90.2 21.0 50.0
Hispanic© 24.7 94.3 20.5 51.5
Asian 345 104.3 23.4 57.5
American Indian or Alaska Native 26.3 99.2 24.7 54.3
Family poverty status in fall 2010 b b b b
Income below the federal poverty level 24.1 93.3 20.7 51.0
Income at or above 200% of the federal poverty level 33.3 103.2 25.9 58.9
8@7KHUH ZDV QR VFLHQFH DVVHVVPHQW LQ DFDGHPLF \HDU 6FLHQFH DVVHVVPHQW EHJDQ

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

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

Note(s)

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

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

Source(s)
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Mulligan GM, Hastedt S, McCarroll JC, )LUV W 7LPH .L QG HUJD UWigHindings@rom the Kindergarten Rounds of the Early

&KLOGKRRG /RQJIJLWXGLQEDO 6WXGI| .LQEGELSKPOUL)NIESLOLR-0A9 (R0/12); Mulligan GM, McCarroll JC, Flanagan

KD, PotterD, )LQGLQJV )URP WKH )LUVW *UDGH 5RXQGV RI WKH (DUOI|I &KLOGKRRG /RQJIJLWXGLQDO 6V
2011), NCES 2015-109 (2014);Mulligan GM, McCarroll JC, Flanagan KD, Potter D, Findings From the Third-Grade Round of the Early

&KLOGKRRG /RQJIJLWXGLQEDO 6WXGI| .LQGHUJDUWKIESRZOLBE-0M (FOL6). See Apgehd& Table 1-14 and

Appendix Table 1-15.

Science and Engineering Indicators 2018

Socioeconomic status . In spring of third grade, the average score for students in families with income at or above 200% of
the federal poverty level was 10 points higher on the mathematics assessment and 8 points higher on the science assessment

than for students in families with income below the federal poverty level.

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

respectively). A similar pattern was seen in science.

Sex. ECLS-K:2011 data revealed achievement gaps between male and female students (see sidebar Early Gender Gaps in
ODWKHPDWLFV DQG 7HD FK Althoaugh3hey began Wind&daiten with the same average scale score in mathematics
(29), the average score for male students was higher than for female students by the end of third grade (101 versus 97)

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

grade (24) and male students slightly outscoring female students by the end of third grade (56 versus 55).
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(DUO\ *HQGHU *DSV LQ ODWKHPDWLFVY DQG 7THDFKHUV 3HUFHSW

Women are appreciably underrepresented in many high-paying science, technology, engineering, and mathematics

(STEM) fields (National Science Foundation [NSF] 2017). Early achievement and self-concepts may matter for STEM career
paths. For example, grade 12 mathematics achievement and mathematics self-concepts influence eventual STEM career
choices (Eccles and Wang 2016; Mann and DiPrete 2013).

In their examination of Early Childhood Longitudinal Study, Kindergarten (ECLS-K) data from two longitudinal series

beginning in 1999 and 2011, Cimpian and colleagues (2016) found that gender gaps in mathematics worsen in early

HGXFDWLRQ DQG WKDW WHDFKHUYV PLVSHUFHLYH JLUOV PDWKHPDWLFV DELOLW\ (&
EHFDXVH WKH\ XVH FRPSXWHUL]J]HG DGDSWLYH WHVWLQJ LQ ZKLFK WKH WHVW TXHVW
based on how students are performing on the test. Such testing more accurately discerns student ability at various

points on the ability spectrum, particularly the extremes.

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

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

performance of female students.

7KLV VWXG\ DOVR DVNHG WHDFKHUV WR JLYH WKHLU VXEMHFWLYH HVWLPDWLRQ RI F
VNLOOV ZKLFK ZHUH WKHQ FRQYHUWHG WR VLQJOH VFRUHV WKDW ZHUH UDQNHG DP
(e.g., student x is at the 90th percentile in mathematical ability). For each student, this subjective percentile was then

GLUHFWO\ FRPSDUHG ZLWK WKH VWXGHQW V DFWXDO SHUFHQWLOH )RU WKH FRK
ratings of mathematical proficiency underestimate the proficiency of girls at the higher end of the ability spectrum,

above the 75th percentile, by the spring of first grade. Robinson-Cimpian and colleagues (2014) present evidence that

WHDFKHUVY PRUH QHJDWLYH SHUFHSWLRQV RI JLUOV SURILFLHQF\ DUH VXEVWDQWL/

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

spring of third grade.
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Average mathematics assessment test scores of children who were in kindergarten for the
ILUVW WLPH GXULQJ WKH VFKRRO \HDU DQG LQ WKH WKLU
year, by family income level

125
100
[}
o 75
(8]
(%]
Q
(@]
<
[}
>
z 50
25
0
Fall 2010 Spring 2011 Fall 2011 Spring 2012 Fall 2012 Spring 2013 Spring 2014
Semester
-o- Income below the federal poverty level Income at or above 200% of the federal poverty level
Note(s)

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

Source(s)

Mulligan GM, Hastedt S, McCarroll JC, )LUV W 7LPH .L QG HUJD UWi@HindngsFrom the Kindergarten Rounds of the Early
&KLOGKRRG /RQJIJLWXGLQDO 6WXG| .L QEELSKZUNIFSLOIR2-049 (F)12); Mulligan GM, McCarroll JC,

Flanagan KD, PotterD, )LQGLQJV J)URP WKH )LUVW *UDGH 5RXQGV RI WKH (DUO| &KLOGKRRG /RQ
11 (ECLS-K:2011)NCES 2015-109 (2014); Mulligan GM, McCarroll JC, Flanagan KD, Potter D, Findings From the Second-Grade Rounds

RI WKH (DUO| &KLOGKRRG /RQJIJLWXGLQDO 6WXGI| .LQGHNOES20LFAT7£201B)yandRMulligan GM, (&/6 .
McCarroll JC, Flanagan KD, Potter D, Findings From the Third-Grade Round of the Early Childhood Longitudinal Study, Kindergarten

&ODVV RI (& /6NCES 2016-094 (2016).

Science and Engineering Indicators 2018
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International Comparisons of Mathematics and Science Performance

7ZR LQWHUQDWLRQDO DVVHVVPHQWY WKH 7UHQGY LQ — QWHUQDWLRQDO ODWKHPDW.L
- QWHUQDWLRQDO 6WXGHQW $VVHVVPHQW 3-6% FRPSDUH 8 6 VWXGHQWY DFKLHYHPFE
VWXGHQWY LQ RWKHU FRXQWULHYV 7-066 DQG 3-6%$ JLYH GLIIHUHQW LPSUHVVLRQV RI
countries, with TIMSS results placing the United States in a higher relative position compared with PISA. This disparity can be
traced, in part, to differences in the design and purpose of the assessments. TIMSS focuses on academic content, whereas
3-6$ LV GHVLIQHG WR PHDVXUH VWXGHQWY DELOLW\ WR DSSO\ WKHLU PDWKHPDWLFV
two tests also vary in other fundamental ways, including age of the students tested and number of participating nations,
making direct comparisons difficult. TIMSS and PISA have sampling requirements to ensure that student populations are
similar across countries and report when countries do not meet these guidelines. TIMSS and PISA samples include students
from public and private schools in the United States. This section presents an overview of each assessment, examines long-
term trends in performance on both assessments, and provides a detailed look at the latest data from 2015.

The Trends in International Mathematics and Science Study

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

achievement of students in their final year of high school who are taking or have taken advanced courses. (51 The United
States participated in the 1995 and 2015 administrations.

7-066 DQG 7-066 $GYDQFHG PHDVXUH VWXGHQWY NQRZOHGJH DQG VNLOOV LQ PDWHK
their knowledge in problem-solving situations. Both are designed to align broadly with mathematics and science curricula in
WKH SDUWLFLSDWLQJ HGXFDWLRQ V\VWHPV DQG WKHUHIRUH WR UHIOHFW VWXGHQW\
respond to multiple-choice and constructed-response items (or questions) designed to measure what they know and can do
across specific content domains in mathematics and science (see sidebar Sample Items from the Trends in International

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

The examples shown below and other mathematics and science sample questions are available at https://
timssandpirls.bc.edu/timss2015/downloads/T15_FW_AppB.pdf  and https://timssandpirls.bc.edu/timss2015/downloads/
T15 _FW_AppC.pdf respectively.

Sample for Grade 4 Mathematics

Ann stacks these boxes in the corner of the room. All the boxes are the same size.
How many boxes does she use?

@ 25

® 19
@ 3
®

13


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

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

(A) underground

a river
© alake

a sea
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Sample for Grade 8 Mathematics

0 P Q 1 2

P and Q represent two fractions on the number line above.
PxQ=N.

Which of these shows the location of N on the number line?

' o — | ]C\I f

®'o P Q 1 2
N

® o] ;

©
Z
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Sample for Grade 8 Science

During which chemical process is energy absorbed?

(A) iron nails rusting
candles burning

(© vegetables rotting

@ plants photosynthesizing

TIMSS and TIMSS Advanced are both sponsored by the International Association for the Evaluation of Educational
Achievement (IEA), an international, nonprofit organization consisting of research institutions and government research
agencies from member countries and economies. In 2015, 48 IEA member countries or economies and 6 benchmarking
participants [®] took part in the grade 4 assessment, and 37 IEA member countries and 6 benchmarking participants took part
in the grade 8 assessment [l 1LQH HGXFDWLRQ V\VWHPY DOO -($ PHPEHU FRXQWULHYV SDUWLFLS
PHPEHU FRXQWULHYV LQFOXGH FRXQWULHV ZKLFK DUH FRPSOHWH LQGHSHQGHQW SR
England, Hong Kong, or the Flemish community of Belgium). The term  education systems is used in the analysis here in
recognition of the fact that not all TIMSS participants are countries, and this fact should be kept in mind when comparing the
performance of the United States and that of other education systems.

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

Performance on the 2015 TIMSS mathematics t ests. The U.S. average score on the 2015 TIMSS mathematics assessment
was 539 for grade 4 and 518 for grade 8 ( Table 1-6).8] $OWKRXJK WKH VFDOH LV IRU ERWK JUDGHV
range of these tests for the preponderance of American students is about 200 points. Eighty percent of fourth graders scored
between 432 and 640; for grade 8, it was between 408 and 624. Among the 48 education systems that participated in the 2015
TIMSS mathematics assessment at grade 4, the U.S. average mathematics score was among the top 18 (10 scored higher; 7 did
not differ), outperforming 30 education systems (Appendix Table 1-16). [ At grade 8, the U.S. average mathematics score was
among the top 16 (7 scored higher; 8 did not differ), outperforming 21 education systems. (Appendix Table 1-17). The same 5
$VLDQ HGXFDWLRQ V\VWHPV 6LQJDSRUH +RQJ .RQJ 6RXWK .RUHD 7DLZDQ DQG -DSDC(
eighth grade assessments. All 5 outscored the United States by at least 50 points ( Table 1-7).
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TABLE 1-6

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

(Average score)

Characteristic Grade 4 Grade 8

U.S. total 539 518
Sex

Male 543 519

Female 536 517

Race or ethnicity

White 559 541
Black 495 462
Hispanic 515 492
Asian 605 585
Native Hawaiian or Pacific Islander 502 495
American Indian or Alaska Native 527 a77
Multiracial 565 521

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

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

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

Note(s)

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

lunch are for public schools only.

Source(s)

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

Science and Engineering Indicators 2018
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Average TIMSS mathematics scores of students in grades 4 and 8, by education system: 2015

(Average score)

. . Education Grade | Education Grade
Comparison with U.S. score
system 4 | system 8
Singapore @ 618 | Singapore 621
Hong Kong
615 | South Korea 606
(China)?
South Korea 608 | Taiwan (China) 599
Hong Kong
Taiwan (China) 597 594
(China)
Japan 593 | Japan 586
Score higher than that of the
; Northern Ireland
United States 570 | Russia 538
(UKR
Russia 564 | Canada? 527

Norway (grade

549 b b
5)2
Ireland 547 b b
Belgium
546 b b
(Flemish)2
England (UK) 546 | Kazakhstan 528
Kazakhstan 544 | Ireland 523
Portugal & 541 | United States @ 518
United States & 539 | England (UK) 518
Score not statistically
Denmark & 539 | Slovenia 516
different from that of the
United States Lithuania & 535 | Hungary 514
Norway (grade
Finland 535 512
9)2
Poland 535 | Lithuania @ 511

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

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

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

Note(s)

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

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

Source(s)

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

NCES 2017-002 (2016).

Science and Engineering Indicators 2018

Performance trends . U.S. fourth and eighth graders have raised their scores and international ranking over the 20 years
since the first TIMSS mathematics administration in 1995. At grade 4, the average mathematics score of 539 in 2015 was 21
points higher than the score of 518 in 1995 ( Figure 1-3), although the 2015 average score was not significantly different from
the most recent assessment in 2011 (541). The position of U.S. fourth graders relative to other nations climbed as well over
this period: among the 16 education systems that participated in the 1995 and 2015 TIMSS mathematics assessment of fourth
graders, 7 outscored the United States in 1995 compared with 5 in 2015 (Provasnik et al. 2016). At grade 8, the U.S. average
score of 518 in 2015 reflected a 26-point increase over the 1995 score of 492 and an increase of 9 points since the most recent
assessment in 2011 (509) ( Figure 1-3 7KH UHODWLYH VWDQGLQJ RI 8 6 HLIJKWK JUDGHUV PDWKHF
over this period: among the 15 countries that participated in the 1995 and 2015 TIMSS mathematics assessment of eighth
graders, 5 outperformed the United States in 2015, down from 8 in 1995 (Provasnik et al. 2016).
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$YHUDJH 7-066 PDWKHPDWLFV VFRUHV RI 8 6 VWXGHQWYV LQ JU

600

500

400

300

Average score

200

100

1995 1999 2003 2007 2011 2015
Year

-o- Grade 4 Grade 8

TIMSS = Trends in International Mathematics and Science Study.

Note(s)

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

grade.

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

Context, NCES 2017-002 (2016).

Science and Engineering Indicators 2018

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

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

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

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

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

(Average score)

Characteristic Grade 4 Grade 8

U.S. total 546 530
Sex

Male 548 533

Female 544 527

Race or ethnicity

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

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

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

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

Note(s)

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

lunch are for public schools only.

Source(s)

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

timss2015_table41.asp, accessed 15 September 2017, and Table 42. Average science scores of U.S. 8th-grade students, by selected
characteristics: 2015, https://nces.ed.gov/timss/timss2015/timss2015_table42.asp, accessed 15 September 2017.

Science and Engineering Indicators 2018
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TABLE 1-9

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

(Average score)

. . Education Grade | Education Grade
Comparison with U.S. score
system 4 | system 8
Singapore @ 590 | Singapore @ 597
South Korea 589 | Japan 571
Japan 569 | Taiwan (China) 569
Russia 567 | South Korea 556
Score higher than that of the
United States Hong Kong
557 | Slovenia 551
(China)2
Hong Kong
Taiwan (China) 555 546
(China)
Finland 554 | Russia 544
Kazakhstan 550 | England (UK) 537
Poland 547 | Kazakhstan 533
United States @ 546 | Ireland 530
Score not statistically
different from that of the Slovenia 543 | United States & 530
United States
Hungary 542 | Hungary 527
Sweden? 540 | Ccanada® 526
Bulgaria 536 | Sweden 522

Norway (grade

538 | Lithuania & 519

5)2

England (UK) 536 | New Zealand @ 513

Czech Republic 534 | Australia 512
Score lower than that of the
United States . Norway (grade

Croatia 533 509
(selected countries) 9)2

Ireland 529 | Israel@ 507

Germany 528 | |taly® 499

Lithuania & 528 | Turkey 493
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. . Education Grade | Education Grade
Comparison with U.S. score
system 4 | system 8
Denmark & 527 | Malta 481
United Arab
Canada? 525 477
Emirates
Serbia? 525 | Malaysia 471

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

2See Appendix Table 1-18 and Appendix Table 1-19 for details about TIMSS administration in these education systems.

Note(s)

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

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

Source(s)

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

Science and Engineering Indicators 2018

Performance trends . In contrast to the mathematics trends, which showed significant improvement in both grades, the
average scores of U.S. students on the TIMSS science assessment remained flat since 1995 for fourth graders but improved 17
points for eighth graders ( Figure 1-4). U.S. fourth and eighth graders have not improved their international position in
science achievement since 1995. Among the 17 education systems that participated in the 1995 and 2015 grade 4 TIMSS
science assessments, the United States slipped in rank, from 3rd in 1995 to 5th in 2015; at grade 8, the position of the United
States did not move between 1995 and 2015 (Provasnik et al. 2016).
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$YHUDJH 7-066 VFLHQFH VFRUHV RI 8 6 VWXGHQWYV LQ JUDGHYV
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TIMSS = Trends in International Mathematics and Science Study.

Note(s)
TIMSS science assessment scores range from 0 to 1,000 for grades 4 and 8. U.S. fourth graders did not participate in TIMSS in 1999;
score is interpolated. Average science scores of students in grade 4 and grade 8 cannot be compared directly because the test items

differ across grade levels to reflect the nature, difficulty, and emphasis of the subject matter taught in school at each grade.

Source(s)

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

Science and Engineering Indicators 2018

Demographic differences. $V ZLWK PDWKHPDWLFVY 8 6 VWXGHQWY VFLHQFH VFRUHV GLIIHUH
VWXGHQWY HOLJLEOH IRU IUHH RU UHGXFHG SULFH OXQFK DW SDUWLFLSDQWYV VFKRR
students scoring approximately 100 points higher than students at schools with 75% or more eligible students at fourth (603
versus 502) and eighth (579 versus 489) grade ( Table 1-8). At grade 4 and grade 8, there were no significant differences in
average scores between male and female students. The average scores for Asian (598) and white (570) students in grade 4
were significantly higher than the scores for Hispanic (518) and black (501) students. A similar pattern was seen for students in
grade 8.
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U.S. Performance in TIMSS Advanced Mathematics and Physics at the End of High School

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

coverage index for physics ranged from 3.9 for Lebanon to 21.5 for France.  [10]

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

Demographic differences. 8 6 VWXGHQWYV DYHUDJH VFRUHV RQ WKH DGYDQFHG PDWKHPDWLF
DFFRUGLQJ WR WKH SHUFHQWDJH RI VWXGHQWY HOLJLEOH IRU IUHFhbRUW-1I0HGE XFHG SULF
advanced mathematics, students at schools with less than 10% of students eligible scored more than 100 points higher than
students at schools with 75% or more eligible (534 versus 425). In physics, the difference in average scores was nearly 150
points (506 versus 363). The average scores for U.S. male students on both TIMSS Advanced assessments were considerably
higher than those for female students. Male students outperformed female students by 30 points on the TIMSS Advanced
mathematics assessment and by 46 points on the physics assessment. The proportion of male and female students taking the
advanced mathematics assessment was close to even, but the physics exam was skewed toward male students, with U.S. male
students comprising 61% of exam takers (Provasnik et al. 2016). As with the fourth and eighth grade students in mathematics
and science, the average scores on the advanced mathematics assessment were higher for white (495) and Asian (506)
students than for Hispanic (440) and black (400) students. A similar pattern in average scores was seen among white, black,
and Hispanic students on the TIMSS Advanced physics assessment.
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Average advanced mathematics and physics scores of U.S. TIMSS Advanced students, by selected
student and school characteristics: 2015

(Average score)

Characteristic Advanced mathematics Physics
U.S. total 485 437
Sex b b
Male 500 455
Female 470 409
Race or ethnicity b b
White 495 463
Black 400 334
Hispanic 440 390
Asian 506 433
Multiracial 525 470
Percentage of public school students eligible for free or reduced-price lunch b b
Less than 10% 534 506
10% to 24.9% 515 482
25% to 49.9% 485 414
50% to 74.9% 454 426
75% or more 425 363
Percentiles b b
10th percentile 352 283
25th percentile 419 357
75th percentile 554 522
90th percentile 608 589

TIMSS = Trends in International Mathematics and Science Study.

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

lunch are for public schools only.

Source(s)

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

selected characteristics: 2015, https://nces.ed.gov/timss/timss2015/timss2015_table61.asp, accessed 15 September 2017.

Science and Engineering Indicators 2018

The Program for International Student Assessment

PISA assessments measure the performance of 15-year-old students in science and mathematics literacy every 3 years.

Coordinated by the Organisation for Economic Co-operation and Development (OECD), PISA was first implemented in 2000 in

32 countries and has since grown to 73 education systems in 2015. [11l Participants in PISA include countries and cities, so

rankings should be assessed within that context. The United States has participated in every cycle of PISA since its inception in

3-6%$V JRDO LV WR DVVHVV VWXGHQWY SUHSDUDWLRQ IRU WKH FKDOOHQJHV RI O

application of knowledge in science, reading, and mathematics literacy to problems within a real-life context. Unlike TIMSS,

PISA does not focus explicitly on school-based curricula and uses the term  literacy in each subject area to indicate its broad

focus on the application of knowledge and skills learned in and outside of school. For example, when assessing science, PISA

examines how well 15-year-old students can understand, use, and reflect on science for various real-life problems and settings

that they may encounter in and out of school (see sidebar Sample Items from the Program for International Student

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

Sample Items from the 2012 Mathematics Assessment
Sample 1

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

Low E31 EOLGGOH E+LJK E
How many pedal turns would Peter take to travel 960 m in middle gear? Show your work.
NOTE: A gear ratio of 3:1 means 3 complete pedal turns yields 1 complete wheel turn.
(Correct answer: 1,200 pedal turns, with a fully correct method.)
Sample 2

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

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

a. 6 km/h

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

(Correct answer: D)

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

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

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

c. The meteoroid is attracted to the mass of Earth.
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d. The meteoroid is repelled by the vacuum of space.

(Correct answer: C)
Sample 2
What is the effect of a planet s atmosphere on the number of craters on a planet s surface?

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

meteoroids will burn up in the atmosphere.
(Correct answer: 1. Fewer; 2. More)

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

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

86 VWXGHQWY DYHUDJH 3-6$% PDWKHPDWLFV VFRUH RI LQ ZDV ORZHU WKDQ \
Table 1-11). The effective score range for U.S. students was 230 points, with 80% of students scoring between 355
and 585. The U.S. average score was lower than that of 36 other education systems and was not significantly different from 5
(Appendix Table 1-20). The top 5 performers were all located in Asia (Singapore, Hong Kong, Macau, Taiwan, and Japan), with
average scores surpassing the U.S. score by at least 62 points (  Table 1-12 7KH 8 6 VWXGHQWY DYHUDJH PDWKF

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


https://nces.ed.gov/surveys/pisa/pdf/items_math2012.pdf
https://www.nsf.gov/cgi-bin/goodbye?https://www.oecd.org/pisa/test/PISA2015-Released-FT-Cognitive-Items.pdf
https://www.nsf.gov/cgi-bin/goodbye?https://www.oecd.org/pisa/test/PISA2015-Released-FT-Cognitive-Items.pdf
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Average scores of U.S. 15-year-old students on the PISA mathematics and science literacy scales,
by selected student characteristics: 2015

(Average score)

Student characteristic Mathematics Science
OECD average 490 493
All U.S. students 470 496
Sex b b
Male 474 500
Female 465 493
Race or ethnicity b b
White 499 531
Black 419 433
Hispanic 446 470
Asian or Pacific Islander 498 525
More than one race 475 503
Socioeconomic status b b
Bottom quarter 431 457
Second quarter 453 478
Third quarter 480 508
Top quarter 517 546
Percentiles b b
10th percentile 355 368
25th percentile 408 425
75th percentile 532 567
90th percentile 585 626

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

Note(s)
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Reporting standards were not met for American Indian or Alaska Native and Native Hawaiian or Other Pacific Islander. Black includes

African American, and Hispanic includes Latino. Students who identified themselves as being of Hispanic origin were classified as

Hispanic, regardless of their race. Although data for some races or ethnicities were not shown separately because the reporting

standards were not met, they are included in the U.S. totals. The PISA index of economic, social, and cultural status was created using

student reports on parental occupation, the highest level of parental education, and an index of home possessions related to family

ZHDOWK KRPH HGXFDWLRQDO UHVRXUFHV DQG SRVVHVVLRQV UHODWHG WR FODVVLFDO FXOV
to classical culture in the family home included possessions such as works of classical literature, books of poetry, and works of art (e.g.,

paintings). The OECD average is the average of the national averages of the OECD member countries, with each country weighted

equally.

Source(s)

Kastberg D, Chan JY, Murray G, Performance of U.S. 15-Year-Old Students in Science, Reading, and Mathematics Literacy in an
International Context: First Look at PISA 2015, NCES 2017-048 (2016).
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Average mathematics literacy assessment scores for 15-year-olds participating in PISA, by
education system: 2015

(Average score)

Education system Score OECD member

Score higher than U.S. score of 470

Singapore 564 N
Hong Kong (China) 548 N
Macau (China) 544 N
Taiwan (China) 542 N
Japan 532 Y
Beijing, Shanghai, Jiangsu, and Guangdong (China) 531 N
South Korea 524 Y
Switzerland 521 Y
Estonia 520 Y
Canada 516 Y
Netherlands 512 Y
Denmark 511 Y
Finland 511 Y
Slovenia 510 Y
Belgium 507 Y
Germany 506 Y
Poland 504 Y
Ireland 504 Y
Norway 502 Y
Austria 497 Y
New Zealand 495 Y
Vietnam 495 N

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

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

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

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

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

United Arab Emirates 427 N
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Education system
Chile

Turkey

Moldova

Uruguay

Montenegro

N =no; Y = yes.

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

Note(s)

Score

423

420

420

418

418

1| 54

OECD member
Y

Y

Education systems are ordered by 2015 average score. The OECD average is the average of the national averages of the OECD member

countries, with each country weighted equally. Scores are reported on a scale from 0 to 1,000. All average scores reported as higher or

lower than the U.S. average score are different at the .05 level of statistical significance. Although Argentina, Malaysia, and Kazakhstan

participated in PISA 2015, technical problems with their samples prevent results from being discussed in this report.

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

Source(s)

The countries

Kastberg D, Chan JY, Murray G, Performance of U.S. 15-Year-Old Students in Science, Reading, and Mathematics Literacy in an

International Context: First Look at PISA 2015, NCES 2017-048 (2016).See Appendix Table 1-20.
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International Comparison of Science Literacy among U.S. 15-Year-Olds

The average PISA science literacy score for U.S. students in 2015 was 496, which was not significantly different from the

OECD average of 493, on a scale of 0 to 1,000 ( Table 1-11). The effective score range for U.S. students was 258 points, with

80% of students scoring between 368 and 626. The U.S. average score was lower than that of 18 other education systems and

not significantly different from 12. The top 5 performers on the science exam were Singapore, Japan, Estonia, Taiwan, and
Table 1-13). Unlike mathematics

Finland, and their average scores surpassed those of the United States by at least 35 points (

VFRUHVY WKH 8 6 VWXGHQWY DYHUDJH VFLHQFH VFRUH ZDV KLJKHU WKDQ WKRVH RI

(Appendix Table 1-21).

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

(Average score)

Education system Score OECD member

Score higher than U.S. score of 496

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

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

Ireland 503 Y
Belgium 502 Y
Denmark 502 Y

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

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

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

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

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

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

Source(s)
Kastberg D, Chan JY, Murray G, Performance of U.S. 15-Year-Old Students in Science, Reading, and Mathematics Literacy in an
International Context: First Look at PISA 2015, NCES 2017-048 (2016).See Appendix Table 1-2 1.
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Trends in Mathematics and Science Knowledge among 15-Year-Old Students in the United States: Results
from PISA

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

The mathematics and science literacy assessment scores range from 0 to 1,000. Science data for 2003 are not available; science

literacy assessment was not administered that year.

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

Average scores for students in the United States varied by SES, sex, and race or ethnicity on the mathematics and science
PISA assessments ( Table 1-11). The gap in the average scores between students in the highest and lowest socioeconomic
quartiles was nearly 90 points on the mathematics assessment (517 versus 431) and the science assessment (546 versus 457).
Average scores were also higher for male students than for female students on both assessments, with a gap of 9 points in
favor of male students on the mathematics assessment and 7 points on science. Average mathematics scores for white (499)
and Asian or Pacific Islander (498) students were higher than those of Hispanic (446) and black (419) students. Similar gaps by

race or ethnicity were seen in science performance.
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(1] Grade 12 mathematics data are presented from 2005 only because the grade 12 mathematics framework was substantially
revised in 2005, making prior assessment results not comparable with those in or after 2005.

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

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

[4] TIMSS required participating countries and other education systems to draw probability samples of students who were
nearing the end of their fourth or eighth year of formal schooling. In the United States, one sample was drawn to represent

the nation at grade 4 and another at grade 8. The U.S. national sample included public and private schools, randomly selected
and weighted to be representative of the nation at grade 4 and at grade 8.

[5] TIMSS Advanced required participating countries and other education systems to draw probability samples of students in

their final year of secondary school who were taking or had taken courses in advanced mathematics or physics. In the United

6WDWHYVY WZR VDPSOHV RI WZHOIWK JUDGHUYV ZHUH GUDZQ WR UHSUHVHQW WKH QDWL
physics. The courses that defined the target populations had to cover most, if not all, of the advanced mathematics and

physics topics that were outlined in the assessment frameworks. In the United States, this was defined as a calculus course for

eligibility for the advanced mathematics population and an advanced physics course, such as AP physics, for the physics

population. The U.S. national samples included public and private schools, randomly selected and weighted to be
UHSUHVHQWDWLYH RI WKH QDWLRQ V DGYDQFHG PDWKHPDWLFY DQG SK\VLFV FRXUVHYV

(6] Non-national entities that are not IEA member countries (e.g., Abu Dhabi, Buenos Aires) may participate in TIMSS to assess
WKHLU FRPSDUDWLYH LQWHUQDWLRQDO VWDQGLQJ 7KHVH HQWLWLHY DUH GHVLJQDW

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

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

9 The TIMSS results presented in this report exclude individual U.S. states, Canadian provinces, Abu Dhabi, Buenos Aires, and
'XEDL 7KHVH VWDWHYV DQG SURYLQFHY SDUWLFLSDWHG LQ 7-066 DV EHQFKPDUNL(
LOQWHUQDWLRQDO VWDQGLQJ RI WKHLU VWXGHQWY DFKLHYHPHQW DQG WR YLHZ WKHL

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

11 21 WKH HGXFDWLRQ V\VWHPV WKDW SDUWLFLSDWHG LQ 3-6% UHVXOWYVY IRU WK
ODOD\VLD DUH QRW LQFOXGHG GXH WR WHFKQLFDO LVVXHV ZLWK WKHLU VDPSOHV WKI

[12] Developing countries in this report are any countries that do not appear on the International Monetary Fund list of
DGYDQFHG HFRQRPLHV


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



.7 National Science Board | Science & Engineering Indicators 2018 1| 61

Unpatt

| cHAPTER 1| Elementary and Secondary Mathematics and Science Education

High School Coursetaking in Mathematics and Science

7R XQGHUVWDQG VWXGHQWY DFKLHYHPHQW LQ PDWKHPDWLFV RU VFLHQFH LW KHO
addition, STEM coursetaking in high school is predictive of earning a STEM degree in postsecondary education, with students
who take more advanced mathematics and science in high school more likely to complete college with a STEM degree (Tyson
HW DO :DQJ 7KLY VHFWLRQ H[DPLQHV KLJK VFKRRO VWXGHQWY SDUWLFLSDW
GDWD IURP +6/6 WKH &ROOHJH %RDUG V $3 SURJUDP DQG GDWD FROOHFWHG E\ WKI
Rights.

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

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

Highest Mathematics Courses Taken by High School Completers

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

Socioeconomic status. Students in the highest SES quintile were more likely to take advanced mathematics courses than
their peers in the middle and lowest SES quintiles ( Table 1-14). For example, the percentage of students in the highest SES

quintile taking calculus or higher was four times higher than the percentage of students in the lowest SES quintile (37% versus
9%) and two times higher than the percentage of students in the middle SES quintiles (37% versus 16%).
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Highest-level mathematics course enroliment of high school completers, by student and family
characteristics: 2013

(Percent)
Student and family Algebra 1 or Algebra Trigonometry or Pre- Calculus or
characteristic lower Geometry 2 other calculus higher
All students 2.9 7.8 24.4 23.8 21.8 19.3
Sex b b b b b b
Male 3.7 9.1 23.7 23.7 20.4 19.5
Female 2.2 6.5 251 24.0 23.2 19.2
Race or ethnicity b b b b b b
White 3.2 6.6 22.2 22.2 23.9 22.0
Black 2.3 4.9 28.8 34.6 20.4 9.0
Hispanic @ 3.0 13.2 26.8 235 18.9 14.6
Asian 0.7 2.4 10.3 13.6 22.7 50.3
Other P 2.8 10.7 43.8 15.7 12.6 14.3
Two or more races 3.1 8.1 30.8 251 17.8 15.1
SES b b b b b b
Lowest fifth 4.9 12.0 31.0 26.5 16.6 9.0
Middle three-fifths 3.2 8.2 26.5 251 20.9 16.2
Highest fifth 0.5 3.3 11.6 18.9 28.9 36.7

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

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

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

Note(s)

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

to total because of rounding.
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Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016) of High School
Longitudinal Study of 2009 (HSLS:09), National Center for Education Statistics. See Appendix Table 1-22 .
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Raceor ethnicity. Asian students took advanced mathematics courses at a significantly higher rate than any other racial or
ethnic group, with 50% taking calculus or higher, compared with 22% for white students, 15% for Hispanic students, and 9%
IRU EODFN VWXGHQWY $OWKRXJIK RI +LVSDQLF VWXGHQWYV VWRSSHG ZLWK JHRPHW
7% of white, black, and Asian students did so.

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

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

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

(Percent)
Student and family Algebra 1 or Algebra Trigonometry or Pre- Calculus or
characteristic lower Geometry 2 other calculus higher
All students 29 7.8 24.4 23.8 21.8 19.3
White b b b b b b
Lowest fifth SES 8.0 8.6 37.2 23.6 14.8 7.8
Middle three-fifths SES 3.6 8.0 25.4 23.7 22.3 17.1
Highest fifth SES 0.5 2.6 10.5 18.6 30.2 37.6
Black b b b b b b
Lowest fifth SES 3.5 4.1 32.4 38.5 18.5 3.1
Middle three-fifths SES 2.3 5.4 27.3 34.7 21.0 9.4
Highest fifth SES 0.5 4.8 15.2 334 23.9 22.2
Hispanic b b b b b b
Lowest fifth SES 3.2 18.6 23.7 25.6 17.0 11.9
Middle three-fifths SES 3.1 11.2 29.0 23.8 18.5 14.5
Highest fifth SES 0.6 7.3 18.6 16.6 31.9 25.1
Asian b b b b b b
Lowest fifth SES 0.0 8.0 19.2 16.9 25.8 30.0
Middle three-fifths SES 1.4 1.7 12.4 18.5 20.9 45.1
Highest fifth SES 0.0 1.9 4.8 6.3 24.3 62.7

SES = socioeconomic status.

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

Note(s)
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Trigonometry or other includes trigonometry, probability and statistics, and other advanced mathematics. Calculus or higher includes

calculus, Advanced Placement or International Baccalaureate (AP/IB) calculus, and other AP/IB mathematics. SES is a composite variable
derived from parental education level, parental occupation, and family income. The quintile measure divides the SES distribution into

five equal quintile groups. Quintile 1 corresponds to the lowest one-fifth of the population, and quintile 5 corresponds to the highest.

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

Source(s)
National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016) of High School
Longitudinal Study of 2009 (HSLS:09), National Center for Education Statistics. See Appendix Table 1-23 .
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Other characteristics. 7KH KLIJIKHVW OHYHO RI PDWKHPDWLFVY FRXUVHWDNLQJ ZDV DOVR SRVL
HGXFDWLRQ DQG VWXGHQWY PDWKHPDWLFY DFKLHYHPHQW PDWKHPDWLFV FRXUVHWL
(Appendix Table 1-23). In addition, students who attended private school took advanced courses at higher rates than students
who attended public schools. For example, 33% of students at private schools took calculus or higher, compared with 18% of
students at public schools.

Science Coursetaking by High School Completers

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

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

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

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

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

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

least one advanced science course, compared with approximately 10% of their peers in the lowest SES quintile.
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Some sex differences in science coursetaking were observed when race or ethnicity was taken into account (Appendix

Table 1-24). White female students were more likely than white male students to take chemistry (79% versus 73%), and white
male students were more likely than white female students to take physics (45% versus 39%). Black female students were
more likely to take at least one advanced science course than their male counterparts (18% versus 9%), specifically advanced

biology (12% versus 5%).

Other characteristics. 6FLHQFH FRXUVHWDNLQJ DOVR YDULHG E\ SDUHQWDO HGXFDWLRQ OHY
and coursetaking, and educational expectations (Appendix Table 1-25). For example, students who enrolled in a course above
algebra 1 in ninth grade took advanced biology, chemistry, and physics at higher rates, compared with students who enrolled
in algebra 1 in ninth grade (19% versus 7% for biology, 14% versus 4% for chemistry, and 11% versus 2% for physics). About
85% of students at public and private schools took general biology, but students at private schools took general chemistry and
physics at higher rates than their public school counterparts (81% versus 67% and 54% versus 35%, respectively).
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TABLE 1-16

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

(Percent)
. AP/IB or AP/IB or AP/IB or AP/IB or
Student and family General No General No General No General
. . advanced . . advanced . . advanced . . advanced
characteristic science . biology biology . chemistry chemistry . physics physics .
science biology chemistry physics
All students 78.6 21.3 2.5 86.1 11.5 24.4 67.9 7.7 58.5 36.4 5.1
Sex b b b b b b b b b b b
Male 80.2 19.7 2.7 87.7 9.7 27.1 65.4 7.5 56.7 36.8 6.6
Female 77.1 22.8 2.2 84.5 13.2 219 70.2 7.9 60.3 36.0 3.7
Race or ethnicity b b b b b b b b b b b
White 76.6 23.3 2.4 85.3 12.4 23.9 67.3 8.8 58.3 36.3 5.4
Black 85.4 14.4 1.2 89.8 9.0 23.8 72.8 3.4 62.8 34.8 2.4
Hispanic @ 84.0 15.9 2.9 89.2 7.9 271 68.1 4.8 59.6 36.9 3.5
Asian 48.5 515 3.8 66.1 30.1 10.1 65.2 24.7 32.9 47.4 19.8
Other 915 7.7 2.7 91.2 6.1 33.0 63.2 3.7 74.5 251 0.4
Two or more
81.1 18.9 29 86.9 10.3 28.1 65.6 6.4 62.0 33.2 4.7
races
SES b b b b b b b b b b b
Lowest fifth 89.1 10.6 3.3 90.3 6.4 34.1 62.4 35 68.1 30.1 1.9
Middle three-
81.2 18.6 2.1 87.5 10.4 25.8 68.0 6.2 60.8 35.2 4.0

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

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

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

combined into one category.

Source(s)

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

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

(Percent)
. AP/IB or AP/IB or AP/IB or AP/IB or
Student and family General No General No General No General
. . advanced . . advanced . . advanced . . advanced
characteristic science . biology biology . chemistry chemistry . physics physics .
science biology chemistry physics
All students 78.6 21.3 2.5 86.1 115 24.4 67.9 7.7 58.5 36.4 5.1
White b b b b b b b b b b b
Lowest fifth
89.7 10.1 2.7 91.9 55 40.3 55.4 4.4 72.3 26.7 1.0
SES
Middle three-
80.9 18.9 2.4 87.0 10.6 26.8 66.3 6.9 62.7 33.2 4.0
fifths SES
Highest fifth
62.3 37.8 2.2 79.2 18.6 11.4 73.8 14.7 44.0 46.2 9.8
SES
Black b b b b b b b b b b b
Lowest fifth
89.2 10.2 2.3 90.9 6.9 25.0 69.9 5.1 66.6 28.9 4.5
SES
Middle three-
85.5 14.5 0.6 90.2 9.2 25.7 715 2.8 61.8 37.0 1.3
fifths SES
Highest fifth
69.3 30.7 1.9 80.8 17.3 14.9 80.6 4.5 515 43.5 5.0
SES
Hispanic 2 b b b b b b b b b b b
Lowest fifth
89.0 10.7 4.3 88.6 7.2 325 65.3 2.2 65.8 33.1 1.1

SES
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. AP/IB or AP/IB or AP/IB or AP/IB or
Student and family General No General No General No General
L . advanced . ] advanced . . advanced . . advanced
characteristic science . biology biology . chemistry chemistry . physics physics )
science biology chemistry physics
Middle three-
83.4 16.6 1.9 90.5 7.7 24.8 70.6 4.7 56.8 39.9 3.4
fifths SES
Highest fifth
68.8 30.7 2.2 85.4 12.4 13.0 71.7 15.3 47.4 42.4 10.2
SES
Asian b b b b b b b b b b b
Lowest fifth
69.3 30.7 5.8 79.5 14.7 18.8 72.0 9.2 50.5 38.2 11.3
SES
Middle three-
56.0 44.0 3.3 70.1 26.6 10.6 71.0 18.5 35.8 47.6 16.6
fifths SES
Highest fifth
323 67.7 4.0 56.5 39.5 7.3 55.7 37.0 23.0 51.5 255
SES
Other P b b b b b b b b b b b
Lowest fifth
S S S S S S S S S S S
SES
Middle three-
88.6 10.2 3.7 88.2 8.1 29.6 64.9 55 76.0 23.7 0.3
fifths SES
Highest fifth
S S S S S S S S S S S
SES
Two or more

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

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

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

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

combined into one category.

Source(s)

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

&RPSXWHU VFLHQFH DQG FRGLQJ VNLOOV DUH LQFUHDVLQJO\ UHFRJQL]HG DV DQ DV
6WDWLVWLFV SURMHFWYV JURZWK IURP WR LQ WKH FRPSXWHU VA\VWHPV GHVL,
1,777,700 jobs in 2014 to 2,186,600 jobs in 2024 (U.S. Department of Labor 2015). In light of this projected growth, educators
and policymakers, concerned that too few students are exposed to computer science instruction in school, are working to
broaden access to computer science courses (Change the Equation 2016; Nager and Atkinson 2016). An analysis of data from
1$(3 V JUDGH VWXGHQW VXUYH\ LQ VKRZHG WKDW MXVW RI VWXGHQWY UHSRU\
while in high school (Change the Equation 2016). Several efforts related to computer science education are currently under

way and these developments, detailed in the sidebar Focus on Computer Science , herald a new focus on computer science

LQ . HGXFDWLRQ
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Focus on Computer Science

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

A Presidential Memorandum, signed in September 2017, set a goal of devoting at least $200 million per year in grant
funds toward expanding access to high-quality STEM and computer science education.* In conjunction with the
SUHVLGHQWLDO OHPRUDQGXP VHYHUDO RI WKH QDWLRQ V ODUJHVW WHFKQRORJ\ FR

support computer science education over a five-year period.

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

The Every Student Succeeds Act specifically includes computer science as part of science, technology, engineering, and
mathematics education subjects and includes computer science with other core subjects, such as English, reading,
VFLHQFH DQG PDWKHPDWLFV LQ LWV GHILQLWLRQ RI D ZHOO URXQGHG HGXFDWLRC

7KH &ROOHJH %RDUG V QHZHVW $GYDQFHG 30DFHPHQW FRXUVH &RPSXWHU 6FLHQFF
PLOOLRQ LQ IXQGLQJ IURP 16) ZDV RIIHUHG IRU WKH ILUVW WLPH GXULQJ WKH

increase the number and diversity of high school students taking computer science, focuses on several topics in addition

to programming, including working with data, computational thinking processes, algorithms, understanding the Internet,

and cybersecurity.

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

graduation requirements, up from 12 states in 2013. Q

The Association for Computing Machinery, Code.org, Computer Science Teachers Association, Cyber Innovation Center,

and National Math and Science Initiative collaborated with states, districts, and the computer science education

FRPPXQLW\ WR GHYHORS FRQFHSWXDO JXLGHOLQHYV IRU FRPSXWHU VFLHQFH HGXFDYV
outlines the essential computer science concepts and practices that students should know by the end of grades 2, 5, 8,

and 12.%

* https://www.whitehouse.gov/the-press-office/2017/09/25/memorandum-secretary-education
https://www.nytimes.com/2017/09/26/technology/computer-science-stem-education.html
https://www.gpo.gov/fdsys/pkg/BILLS-114s1177enr/pdf/BILLS-114s1177enr.pdf

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

Qnhttps://code.org/action


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

Longitudinal data from HSLS:09, a study that followed a cohort of ninth graders beginning high school in 2009 over 4 years
of high school, indicate that 47% of 2013 high school graduates earned credit in computer and information sciences, and 15%
earned credit in engineering and technology ( Table 1-18; Appendix Table 1-26). ] The average credits earned were 1.0 credit
for computer and information sciences and 1.3 credits for engineering and technology. About two and a half times as many
male students (21%) earned engineering and technology credits compared with female students (8%). No significant
difference was detected in the percentage of male and female students earning credits for computer and information
sciences. It is important to note that computer and information sciences credits reported above included credits earned for
introductory courses as well as applied courses focused on learning and using specific software programs. These introductory
FRXUVHV GR QRW IDOO XQGHU WKH PRUH ULJRURXYV GHILQLWLRQ RI FRPSXWHU VFLHQT
SURFHVVHV LQFOXGLQJ WKHLU SULQFLSOHV GHVLJQ LPSOHPHQWDWLRQ DQG LPSDFW
Science Framework (K-12 Computer Science Framework 2016).

TABLE 1-18

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

(Average number of credits and percentage of students)

Computer and information sciences Engineering and technology
Sex
Average credits Earned any credit Average credits Earned any credit
Total 1.0 47.1 1.3 14.7
Male 1.1 49.0 1.4 21.1
Female 1.0 45.1 1.0 8.3
Source(s)

Dalton B, Ingels SJ, Fritch L, High School Longitudinal Study of 2009 (HSLS:09) 2013 Update and High School Transcript Study: A First
Look at Fall 2009 Ninth-Graders in 2013, NCES 2015-037rev (2016).
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Data collected as part of a multiyear research effort by Gallup and Google give further insight into the state of computer
science education in the United States (Google Inc. and Gallup Inc. 2016). Gallup interviewed nationally representative samples
of students, parents, teachers, principals, and superintendents in late 2015 and early 2016. Data from the survey of principals
reveal the extent of student access to computer science courses. A total of 57% of principals reported that their school offered
at least one computer science course, although, again, these could be applied courses in how to use software programs that
GR QRW PHHW WKH PRUH ULJRURXV GHILQLWLRQ RI FRPSXWHU VFLHQFH DGYRFDWHG L
( Table 1-19). Fewer principals reported offering computer science courses with advanced content, ranging from 40%
reporting courses that included computer programming to 14% reporting courses that included data analytics or visualization
(Google Inc. and Gallup Inc. 2016). Computer science courses were more likely to be offered at larger schools, with 78% of


https://www.nsf.gov/cgi-bin/goodbye?https://k12cs.org/
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principals at schools with 1,000 or more students reporting offering at least one computer science course, compared with 47%

of principals at schools with less than 500 students ( Table 1-19). Computer science courses were also more available at high
schools (75%) than at middle schools (51%) and elementary schools (39%). When principals at schools that offered no

computer science were asked why such courses were not offered, 63% indicated that teachers with the necessary skills were

not available, 55% responded that they did not have sufficient funds to train and hire a teacher, and 50% noted the lack of

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

TABLE 1-19

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

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

Google Inc. & Gallup Inc., 7UHQGV LQ WKH 6WDWH RI &RPSXWHU B16) (b B7ChtiBs@goo.gl/j29 FE0 R, RoOegsed
16 March 2017.
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Participation and Performance in the Advanced Placement Program

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

Administered by the College Board, a nonprofit organization, the AP program offered college-level courses to high school
students in 37 different subjects in 2016, enabling students to earn credits toward high school diplomas and college degrees
VLPXOWDQHRXVO\ 7KH &ROOHJH %RDUG DOVR DGPLQLVWHUV $3 H[DEVSwdémswhe/ HVW V\
earn a passing score of 3 or higher out of 5 on an AP exam may be eligible to earn college credits, placement into more
advanced college courses, or both, depending on the policy of the postsecondary institution they attend.

AP Exam Taking and Performance

Among mathematics and science AP exams, calculus AB has been the most common, followed by biology; both remained
S0 in 2016, when approximately 308,000 high school students took the calculus AB exam and 238,000 took the biology exam
( Table 1-20). Fewer students took more advanced exams (e.g., about 125,000 students took calculus BC). Physics C:

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

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

environmental science to highs of 77% for physics C: mechanics and 81% for calculus BC ( Table 1-20).
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Students who took or passed an AP exam in high school, by subject: 2016

(Number and percent)

Subject Number who took exam Percentage who passed exam 2

AP mathematics exam b b
Calculus AB 308,215 59.5
Calculus BC 124,931 81.1
Statistics 206,563 60.9

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

AP = Advanced Placement.

a8 GWXGHQWYV VFRULQJ RU RQ D VFDOH RI  dtdhdvepasse8. H[DP ZHUH FRQVLGHUH

Source(s)

The College Board (2016 ), https://secure-media.collegeboard.org/digitalServices/pdf/research/2016/Student-Score-
Distributions-2016.xIs, accessed 16 March 2017 .
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Students taking AP exams, by subject: 2006 and 2016

(Number)
Subject 2006 2016
Any AP exam 1,464,254 2,611,172
AP mathematics exam b b
Calculus AB 197,181 308,215
Calculus BC 58,603 124,931
Statistics 88,237 206,563
AP science exam b b
Biology 131,783 238,080
Chemistry 87,465 153,465
Computer science A 14,662 57,937
Environmental science 44,698 149,096
Physics 1 NA 169,304
Physics 2 NA 26,385
Physics C: electricity/ magnetism and mechanics 2 34,961 76,457

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

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

Source(s)

The College Board, https://secure-media.collegeboard.org/digitalServices/pdf/research/2016/2016-Exam-Volume-Change.xls, accessed
16 March 2017.
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Sex. ODWKHPDWLFV DQG VFLHQFH $3 H[DP W D N EiQue Y-B)UAlthovglE the\stWdé@sHhv@oxook V H [
calculus AB, statistics, and chemistry exams were about evenly split by sex in 2016, at advanced levels, male students
predominated, representing 58% of all calculus BC takers, 71% of physics 2, 76% of physics C: electricity and magnetism, and
72% of physics C: mechanics. Male students also outnumbered their female counterparts in computer science, with 77% of
computer science A exam takers being male students. In contrast, female students took a larger share of exams in biology
(61%) and environmental science (55%).
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Percentage distribution of high school students taking an AP exam in mathematics or science,
by sex: 2016

AP mathematics
Calculus AB
Calculus BC
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AP science
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Environmental science
Physics 1

Physics 2

AP mathematics and science subject
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® Male Female

AP = Advanced Placement.

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

7KH &LYLO 5LJKWYV 'DWD &ROOHFWLRQ &5'& LV D VXUYH\ RI DOO SXEOLF VFKR
WKDW LV FRQGXFWHG E\ WKH '"HSDUWPHQW RI (GXFDWLRQ V 2IILFH IRU &LYLO 5LJKWYV
education equity and opportunity for students, including access to advanced mathematics and science courses (U.S.
Department of Education 2016b). Overall, the CRDC shows that access to higher-level mathematics and science courses in the
United States is not equal. Nationwide, 78% of high schools offer algebra 2, 48% offer calculus, 72% offer chemistry, and 60%
offer physics ( Table 1-22). In addition, these data show that schools with high black and Latino enroliment offer less access
to high-level mathematics and science courses than schools with low black and Latino enroliment. [3' For example, 56% of high
schools with low black and Latino student enrollment offer calculus, compared with 33% of high schools with high black and

Latino enroliment.
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TABLE 1-22

Access to high-level mathematics and sciences courses among students at low versus high black
DQG /DWLQR HQUROOPHQW VFKRROV

(Percent)
Course All schools Low black and Latino enrollment 2 High black and Latino enroliment
Algebra ll 78 84 71
Calculus 48 56 33
Chemistry 72 78 65
Physics 60 67 48

@ "High/low black and Latino enroliment" refers to schools with more than 75% and less than 25% black and Latino student enrollment,
UHVSHFWLYHO\ DV GHILQHG DQG UHSRUWHG E\ WKH 8 6 'HSDUWPHQW RI (GXFDWLRQ V 2IILFH I
Source(s)

U.S. Department of Education, Office for Civil Rights, &LYLO 5LIJKWV 'DWD &R O @Aleuhttpswwiv2.édgeW OR RN
about/offices/list/ocr/docs/2013-14-first-look.pdf, accessed 27 February 2017.
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(1] One credit is equivalent to a 1-year course of instruction.

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

Bl +LJK ORZ EODFN DQG /DWLQR HQUROOPHQW UHIHUV WR VFKRROV ZLWK PRUH WKDQ
HQUROOPHQW UHVSHFWLYHO\ DV GHILQHG DQG UHSRUWHG E\ WKH 8 6 'HSDUWPHQW


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

6WXGHQWY DFKLHYHPHQW LQ PDWKHPDWLFY DQG VFLHQFH GHSHQGY QRW RQO\ RQ
their access to high-quality instruction. Many factors may affect teacher quality, including qualifications, subject-matter
knowledge, years of experience, ongoing professional development, access to instructional coaches, instructional resources
and leadership, and working conditions. Educators and policymakers continue to focus on attracting and retaining high-quality
STEM teachers, as evidenced by the inclusion in ESSA of multiple provisions related to STEM teachers (see sidebar ESSA and
STEM Teachers.
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ESSA and STEM Teachers

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

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

Alternative certification DOORZV VWDWHV WR HVWDEOLVK H[SDQG RU LPSURYH DOWHUQDWL!
WHDFKHUV HVSHFLDOO\ IRU WHDFKHUV RI VFLHQFH WHFKQRORJ\ HQJLQHHULQJ P
H[SHULHQFHVY D VKRUWDJH RI HGXFDWRUV

Differentalpay DOORZV VWDWHVY DQG GLVWULFWV WR SURYLGH GLIIHUHQWLDO SD\ RU R\
LQ KLJK QHHG DFDGHPLF VXEMHFWYVY VXFK DV 67(0

Use of block grants for STEM professional development DOORZV VWDWHY DQG GLVWULFWV WR XVH VWDW
and provide professional development and other comprehensive systems of support for teachers, principals, or other

school leaders to promote high-quality instruction and instructional leadership in science, technology, engineering, and
PDWKHPDWLFV VXEMHFWY LQFOXGLQJ FRPSXWHU VFLHQFH

STEM master teachercorpps HQDEOHV WKH 6HFUHWDU\ RI (GXFDWLRQ WR DZDUG JUDQWYV WR VYV
D VWDWH ZLGH 67(0 PDVWHU WHDFKHU FRUSV

Professional development in technology for STEM teachers stipulates that school districts receiving grants of $30,000 or

PRUH WR LPSURYH WKH XVH RI WHFKQRORJ\ WR LPSURYH WKH DFDGHPLF DFKLHYHP}
DOO VWXGHQWYVY PXVW VSHQG D SRUWLRQ RI WKRVH IXQGVY RQ DOORZDEOH XVHV ZzZK
of technology to enable teachers and instructional leaders to increase student achievement in the areas of science,

WHFKQRORJ\ HQJLQHHULQJ DQG PDWKHPDWLFV LQFOXGLQJ FRPSXWHU VFLHQFH

" See http://www.stemedcoalition.org/2015/12/01/coalition-analysis-of-key-stem-provisions-in-esea-act/ for additional
information. The full text of ESSA is available at https://www?2.ed.gov/documents/essa-act-of-1965.pdf

Science and Engineering Indicators 2016 (NSB 2016) provided in-depth analysis of STEM teachers using data from the NCES
6FKRROV DQG 6WDIILQJ 6XUYH\ 6$66 1HZ QDWLRQDO GDWD RQ 67(0 WHDFKHUV
publication of Science and Engineering Indicators 2016 |1l so this section provides a brief review of those findings followed by
QHZ GDWD WKDW SURYLGH LQVLJKW LQWR KRZ 8 6 WHDFKHUV VDODULHV FRPSDUH ZL

As noted, the primary data source for STEM teacher information for Science and Engineering Indicators 2016 was the
65866 D QDWLRQDO VXUYH\ FRQGXFWHG ELHQQLDOO\ E\ 1&(6 IURP WR 1& (€
DV D QHZ VXUYH\ WKH 1DWLRQDO 7THDFKHU DQG 3ULQFLSDO 6XUYH\ 1736 'DWD FROO
data will be available for analysis by 2018. NTPS was designed to be more flexible, timely, and integrated with other
'"HSDUWPHQW RI (GXFDWLRQ VXUYH\V -W FRYHUV WKH VDPH FRUH WRSLFV DV 6%$66 ZKI
use of information technology in the classroom. Core topics include teacher and principal preparation, school characteristics,
demographics of the teacher and principal labor force, teacher professional development, and teacher compensation and

retention.


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

Science and Engineering Indicators 2016 SURYLGHG YDULRXV LQGLFDWRUV RI SXEOLF VFKRRO PDW
TXDOLW\ EDVHG RQ GDWD FROOHFWHG GXULQJ WKH VFKRRO \HDU LQFOXGLQJ HC
participation in student teaching, self-assessment of preparation, and years of experience. The section on mathematics and
science teachers also examined school factors, such as salary and working conditions, that may affect teacher effectiveness.

The section focused on middle and high school teachers because mathematics and science teachers are more common and
more easily identified at these levels than at the elementary level.

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

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

Although the percentage of mathematics teachers with more than 20 years of experience decreased from 29% in 2003 to
LQ WKH SHUFHQWDJH RI WHDFKHUV ZLWK \HDUV Rl H[SHULHQFH LQFUHDVHG
teachers with fewer than 3 years of experience decreased from 19% to 15%. The pattern among science teachers was similar.
Overall, in 2011, 85% of public middle and high school mathematics teachers and 90% of science teachers had more than 3
years of experience. The percentage of mathematics teachers with fewer than 3 years of experience was higher at high-

poverty schools, however, compared with low-poverty schools (18% versus 10%). The pattern was similar for science teachers.

In 2011, the average base salary of middle and high school teachers was approximately $53,000 for mathematics teachers
DQG IRU VFLHQFH WHDFKHUV DFFRUGLQJ WR WHDFKHUV UHSRUWY LQ 6$66 :KHC(
salaries, slightly more than half of mathematics teachers, and just under half of science teachers, reported being satisfied.
Teachers at high-poverty schools earned less than their counterparts at low-poverty schools, with mathematics teachers
earning $10,000 less and science teachers earning $13,000 less on average.

International Comparisons of Teacher Salaries

7THDFKHUV VDODULHY DUH DVVRFLDWHG ZLWK WKH DWWUDFWLYHQHVYV RI WHDFKLQJ
nonteaching professions correlate with career choices, and there is less attrition among teachers with higher salaries (Feng
2014; Gilpin 2012; James et al. 2011; OECD 2005).

7KH 8QLWHG 6WDWHYVY UDQNYV ORZ DPRQJ GHYHORSHG FRXQWULHYV ZLWK UHVSHFW WF
other tertiary educated workers. For primary school teachers, the U.S. ranking is 20th of 23 countries. For lower and upper

secondary school teachers, the United States is 21st of 23 countries.

Figure1-7 H[DPLQHV WKH UDWLR RI WHDFKHUV VDODULHV WR WKH VDODULHV RI RWKH

ratios across developed countries. Primary teachers in the United States make 68% of the salary of other tertiary educated
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ZRUNHUV WKDW LV D UDWLR /RZHU VHFRQGDU\ WHDFKHUV PLGGOH RU MXQLRU Kl
secondary teachers have a ratio of 0.71. The median relative salary ratio for all 23 developed countries for which data were

available ranged from 0.84 to 0.91 for the three education levels. For the top five developed countries, the relative salary ratio

ranged from 0.92 to 1.10.

FIGURE 1-7

Salaries of teachers in developed countries relative to earnings for tertiary educated workers:
2014
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Note(s)

Education level defined by United Nations Educational, Scientific and Cultural Organization's International Standard Classification of
Education, 2011. Lower secondary corresponds to junior high school or middle school in the United States. Thirty-two Organisation
for Economic Co-operation and Development countries are defined as developed according to the International Monetary Fund's

"advanced economy" classification. Of these, the data here reflect 23 developed countries for which data were available.
Source(s)
Organisation for Economic Co-operation and Development,  Education at a Glance: OECD Indicators , 2016.
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A shortcoming of these data is that they are not adjusted for the level of tertiary education teachers and nonteachers
received. For example, if U.S. teachers received fewer years of tertiary education than teachers in other countries, this may
help account for some of the salary differences between countries. The OECD, however, provides some data that address this
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potential shortcoming. Ratios adjusted for amount of tertiary education are available for 11 developed countries, including the

United States (OECD 2016). The United States, however, fares worse once the amount of tertiary education is considered: the
gap between the U.S. ratio and the average ratio for other countries grows. In short, the ratio of teacher salaries to those of
other educated workers is not lower in the United States than in other countries because U.S. teachers receive fewer years of
tertiary education.

Another shortcoming of these data is that they do not focus specifically on science and mathematics teachers. However,
VDODULHY LQ WKH 8QLWHG 6WDWHV IRU . WHDFKHUV ZKRVH SULPDU\ IRFXV LQ WHDF
higher than salaries for other teachers. [2l This suggests that gaps in relative salaries for mathematics and science teachers
might be similar to those observed for other teachers.

-Q VXPPDU\ 8 6 . WHDFKHUV KDYH ORZHU VDODULHVY WKDQ RWKHU 8 6 ZRUNHUYV :
12 teacher salaries to that of other U.S. tertiary educated workers is smaller than for that of the median OECD country.
$OWKRXJIK 8 6 . WHDFKHUV PDNH WR GHSHQGLQJ RQ JUDGH OHYHO RI WKH VDC

education, the median for OECD countries ranges from 84% to 91%.

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

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


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

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

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

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

THFKQRORJ\ DV D . -QVWUXFWLRQDO 7RRO

7KH XVH RI LQVWUXFWLRQDO WHFKQRORJ\ FRPSXWHUV WKH -QWHUQHW PRELOH GH
WHFKQRORJLHYV LQ .+ FODVVURRPV KDV EHHQ JURZLQJ UDSLGO\ +RZHYHU QDWLRQD!
effectiveness of the technologies remain limited, and research has generally shown only modest positive effects of technology
on learning (Snyder and Dillow 2013; U.S. Department of Education 2016a).

Computers and Other Technology Devices

Computers are universally available in U.S. elementary and secondary schools (NSB 2014); however, as discussed later in
WKLV VHFWLRQ VRPH . WHDFKHUVY GR QRW FRQVLGHU WKH FXUUHQW DYDLODELOLW\
SDUWLFXODUO\ LQ VFLHQFH FODVVHV $V RI DOO 8 6 SXEOLF . VFKRROV KDG RQ
on campus (Gray, Thomas, and Lewis 2010a). Computers are also commonly available in classrooms. In 2009, for example,

RI . SXEOLF VFKRRO WHDFKHUV UHSRUWHG WKDW WKH\ KDG RQH RU PRUH FRPSXVW

or their students often or sometimes used computers during class time (Gray, Thomas, and Lewis 2010b). In addition to
computers, the majority of teachers reported having the following technology devices available as needed or in the classroom
every day: liquid crystal display or digital light processing projectors (84%), digital cameras (78%), and interactive whiteboards
(51%). Furthermore, increasing numbers of schools and districts have initiated one-to-one computing programs, giving each
student a laptop, tablet computer, or other mobile computing device to connect to the Internet, access digital course
materials and textbooks, and complete school assignments (Gemin et al. 2015).
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Despite the availability of computers and other devices in classrooms, many teachers still believe they lack technology
UHVRXUFHVY $FFRUGLQJ WR D QDWLRQDO VXUYH\ FRQGXFWHG E\ S3URMHFW 7RPRUU
were not enough computers for student use in their classes, highlighting this deficiency as one of the major obstacles in their
use of technology for teaching (Project Tomorrow 2013).

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

Internet Access

$FFHVV WR WKH - QWHUQHW LV XQLYHUVDO LQ SXEOLF . VFKRROV LQ WKH 8QLWHG
instructional computers with an Internet connection (Gray, Thomas, and Lewis 2010a). Although Internet access at schools is
universal, access with adequate bandwidth and connection speeds remains an area of concern. However, substantial progress
is being made (Consortium for School Networking [CoSN] 2016; Education Superhighway 2017). In a 2016 national survey of
school district technology administrators, more than two-thirds (68%) indicated that all the schools in their system fully met
WKH )HGHUDO &RPPXQLFDWLRQ &RPPLVVLRQ V VKRUW WHUP PLQLPXP —-QWHUBHW EDQ
up from 19% in 4 years (CoSN 2016). Affordability, network speed, capacity, reliability, and competition continue to affect
Internet connectivity. Survey results suggest that increased bandwidth continues to be needed because schools expect
dramatic increases in the number of students using multiple devices for classwork while at school. In 2016, 21% of schools
reported that their students were using two or more devices per day; 65% of respondents expect use of two or more devices
per student per day within the next 3 years (CoSN 2016).

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

Mobile Devices

-Q DGGLWLRQ WR FRPSXWHUV PRELOH GHYLFHV VXFK DV ODSWRSV VPDUWSKRQHYV
Internet. Even though these Internet-connected devices have become one of the primary means with which youth interact and
learn from each other, few national data are available to describe how and with what frequency these devices are used in day-
to-day learning in and out of school. One extensive, although not nationally representative survey conducted by Project
Tomorrow(2015),[2] IRXQG WKDW RI . WHDFKHUVY UHSRUWHG WKDW WKHLU VWXGHQWYV KD
their classrooms. In terms of which types of devices students used for schoolwork during the school day, the survey found
that 58% of students used their own device, followed by school laptops (32%), school Chromebooks (16%), and school tablets
(14%) (Project Tomorrow 2015). Overall, 13% of high school and 21% of middle school students reported no access to

computers or mobile devices at school (Project Tomorrow 2015).
Digital Conversion

With the advent of Internet-connected mobile devices, schools and districts are also initiating what is called a digital
conversion within their classrooms, replacing traditional hard-copy textbooks with interactive, multimedia digital textbooks or
H WHWERRNVY WKDW DUH DFFHVVLEOH WR VWXGHQWV WKURXJK WKH - QWHUQHW )RUW
WR 3URMHFW 7RPRUURZ V VXUYH\ UHSRUWHG WKDW WKH\ ZHUH XVLQJ RQOLQH WHTJ
Tomorrow 2016). Educators are also supplementing traditional resources with videos, games, simulations, and other Internet-
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based resources. The use of academic-content videos from such services as YouTube, Khan Academy, and the National

Aeronautics and Space Administration, among others, is growing as well. In the Project Tomorrow 2015 survey, 68% of
teachers (up from 47% in 2012) reported that they regularly use videos from the Internet to augment their class lessons and
stimulate class discussion (Project Tomorrow 2016). Students also report accessing Internet videos for support with
homework, research projects, and other learning, with science (66%) and mathematics (59%) topping the list of content
accessed. The use of computer games to supplement classroom learning is also on the rise, with 48% of teachers in 2015
reporting that they used them in their classrooms, up from 30% in 2012.

SHVHDUFK RQ (IITHFWLYHQHVV RI . - QVWUXFWLRQDO 7THFKQROR

Effects of Instructional Technology

Existing research studies about the effects of instructional technology on student learning are not comprehensive enough
to address the general question of whether technology improves student outcomes (Tamim et al. 2011). Few national studies
are available; many of the existing studies are of brief duration or are based on specific products with small and
JHRJUDSKLFDOO\ QDUURZ VDPSOHV RU ZHDN UHVHDUFK GHVLJQV 1HYHUWKHOHVV VRI
GDWD IURP QRQUHSUHVHQWDWLYH VWXGLHVY LQWR D ULJRURXV VWDWLVWLFDO GHVLJC
yielded findings that suggest modest positive effects of technology on student learning.

One recent meta-analysis explored the effect of one-to-one laptop computing programs on elementary and secondary
student achievement (Zheng et al. 2016). Drawing on articles published between 2001 and 2015, this study reviewed 96
articles but only found 10 suitable for inclusion in the statistical analysis, suggesting that rigorous research about the effects
RI RQH WR RQH FRPSXWLQJ UHPDLQV OLPLWHG 7KH VWXG\ IRXQG WKDW RQH WR RQH ¢
overall academic achievement in mathematics and science (Zheng et al. 2016). These findings are aligned with the findings
from an earlier large-scale meta-analysis of all types of computer use in classrooms, which summarized 1,055 primary studies
from 1967 to 2008 and concluded that the use of computer technologies in classrooms had modest effects on student
achievement (Tamim et al. 2011).

Three meta-analyses that specifically focused on mathematics learning compared the mathematics achievement of
students taught in elementary and secondary classes using technology-assisted mathematics programs with that of students
in control classes using alternative programs or standard methods (Cheung and Slavin 2011; Li and Ma 2010; Rakes et al.
2010). All three studies found small, positive effects on student achievement when technology was incorporated into
mathematics classes. A randomized impact evaluation found that a computer-aided application improved elementary
VWXGHQWY PDWKHPDWLFV WHVW VFRUHYVY &DUULOOR 2QRID DQG 3RQFH $ PRUH
mathematics students also found that an online mathematics homework tool combined with teacher training led to higher
mathematics achievement scores for participating students compared with those of a control group that did not have access
to the program (Roschelle et al. 2016).

6RPH VWXGLHYVY DOVR VXJJHVW WKDW WHFKQRORJ\ V SRWHQWLDO WR LPSURYH VWXG
incorporated into instruction (Cennamo, Ross, and Ertmer 2013; Ross, Morrison, and Lowther 2010; Tamim et al. 2011). One
study found that, when computing devices were used as tools to supplement the traditional curriculum, no increase in
achievement was observed; when computing devices were used as the main teaching tools in class, however, student
achievement increased (Norris, Hossain, and Soloway 2012).
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2Q0LQH /HDUQLQJ

In addition to its potential for enhancing learning in the classroom, technology can also enable students to access
LQVWUXFWLRQ UHPRWHO\ YLD WKH - QWHUQHW 2QOLQH OHDUQLQJ DW WKH . OHYHO
instruction occurring via the Internet to hybrid or blended learning programs that combine face-to-face teacher instruction
with online components (Gemin et al. 2015; Watson et al. 2014). Online learning discussed in this section focuses on fully
online schools and stand-alone online courses that do not incorporate face-to-face instruction.

-Q WKH VFKRRO \HDU VWDWHYVY RSHUDWHG YLUWXDO VFKRROV WKDW RIIHUH(
These schools served more than 462,000 students, who took a total of 815,000 online semester-long courses (Gemin et al.
$OWKRXJK VWLOO D VPDOO IUDFWLRQ RI WKH DSSUR[LPDWHO\ PLOOLRQ VWXGH:
VLIQLILFDQW LQFUHDVH VLQFH ZKHQ VHPHVWHU FRXUVH HQUROOPHQWYV ZI
most of these courses (85%). Math courses made up nearly 23% of the courses taken, and science courses made up 14%
(Gemin et al. 2015). Full-time virtual charter schools are another online option for students; these schools served about
VWXGHQWY GXULQJ WKH VFKRRO \HDU *HPLQ HW DO

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

Research on Effectiveness of Online Learning

Effects of Online Learning

Policymakers and researchers cite many potential benefits of online learning, which include increasing access to resources,
personalizing learning, and assisting struggling students (Bakia et al. 2012; Watson et al. 2013). Despite these potential
benefits, few rigorous national studies have addressed the effectiveness of online learning compared with that of traditional
WHDFKLQJ PRGHOV DW WKH . OHYHO 2QH ULJRURXV ODUJH VFDOH QDWLRQDO VWXC
Center for Research on Education Outcomes (CREDO), housed at Stanford University (CREDO 2015). Researchers contrasted
the annual academic growth of students attending full-time online charter schools with that of a comparison group of
students from traditional schools who were similar in terms of grade level, sex, race or ethnicity, poverty, prior test scores, and
RWKHU DWWULEXWHYV 7KH VWXG\ IRXQG WKDW VWXGHQWY DWWHQGLQJ WKH RQOLQH \
weaker academic growth when compared with their counterparts at traditional schools (CREDO 2015). These results, however,
were specific to online charter schools and do not apply to full-time online schools operated by states and districts or to

individual online course enroliments or blended learning school models.

A common use of online learning courses is to allow students to recover credits from courses they have failed. One large
study comparing achievement outcomes for students taking an algebra credit recovery course online with students taking a
face-to-face course found weaker achievement outcomes for students taking the online course (Heppen et al. 2017). Other
recent studies have observed some positive effects for online learning, but researchers stress that teacher training and the
way in which online components are integrated into the curriculum are important variables that could affect outcomes and

that need to be the subject of more rigorous research (Barbour 2015). Although the latest research suggests that online
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schools may be meeting the needs of students who do not have access to adequate physical school and course options,

research on the effectiveness of online learning is still in a nascent state (Watson et al. 2014).

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

2l 7KH JOREDO HGXFDWLRQ QRQSURILW 3URMHFW 7RPRUURZ FRQGXFWV WKH DQQXDO

students, parents, and educators about the role of technology in learning in and out of school. In fall 2014, Project Tomorrow

VXUYH\HG . VWXGHQWYV SDUHQWYV WHDFKHUV GLVWULFW DGPLQL'
representing 8,216 public and private schools from 2,676 districts. Schools from urban (30%), suburban (30%), and rural (40%)

communities were represented. Just over one-half of the schools (56%) that participated in Speak Up 2014 were Title | eligible

VFKRROV DQ LQGLFDWRU RI VWXGHQW SRSXODWLRQ SRYHUW\ -Q IDOO SURMHFW
teachers and librarians, 4,536 administrators, and 40,218 parents representing more than 7,600 public and private schools

and 2,600 districts. Schools from urban (25%), suburban (40%), and rural (35%) communities were represented. Just over one-

KDOI RI WKH VFKRROV WKDW SDUWLFLSDWHG LQ 6SHDN 8S ZHUH 7LWOH - HOLJ
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Transition to Higher Education

One of the most important education goals in the United States is to educate every student to graduate from high school
ready for college and a career (Achieve Inc. 2016; NCEE 2013; Pellegrino and Hilton 2012). Over the past decades, U.S. high
school graduation rates have been rising steadily, reaching 83% in 2015 (McFarland, Stark, and Cui 2016). Although high school
FRPSOHWLRQ UHSUHVHQWY D PDMRU PLOHVWRQH IRU DGROHVFHQWY PRVW RI WRGD\
some postsecondary education (Carnevale, Smith, and Strohl 2010; Hout 2012). Young people who do not pursue education
beyond high school face fewer job opportunities, lower earnings, and a greater likelihood of being unemployed and

underemployed than their college-educated peers (Baum, Ma, and Payea 2013; Pew Research Center 2014).

:LWKLQ WKLY FRQWH[W WKLV VHFWLRQ IRFXVHVY RQ LQGLFDWRUV UHODWHG WR 8 6
postsecondary education. It presents national data on on-time high school graduation rates, trends in immediate college
enrollment after high school, choice of STEM majors at the postsecondary level, and academic preparation for college. This
VHFWLRQ DOVR H[DPLQHV 8 6 VWXGHQWYV KLJK VFKRRO JUDGXDWLRQ UDWHV UHODWL
these indicators present a broad picture of the transition of U.S. students from high school to postsecondary education.
(Higher education in S&E is the topic of Chapter 2.)

Completion of High School

Estimates of U.S. high school completion rates vary, depending on the definitions, data sources, and calculation methods
+HFNPDQ DQG /D)RQWDLQH 6HDVWURP HW DO %DVHG RQ D UHODWLYHO\ LQF
VFKRRO GLSORPD RU HDUQLQJ DQ HTXLYDOHQF\ FUHGHQWLDO VXFK DV D *(" FHUWLILF
in 2013 had completed a high school education (McFarland, Stark, and Cui 2016). This is largely consistent with the experience
of a nationally representative cohort of 2002 high school sophomores; 96% of the cohort members had earned a high school
diploma or an equivalency credential by 2012 (Lauff and Ingels 2014).

%HILQQLQJ ZLWK WKH VFKRRO \HDU WKH 'HSDUWPHQW RI (GXFDWLRQ UHTXLUE
definition of high school graduation, emphasizing on-time completion and considering only recipients of regular high school
diplomas (Chapman et al. 2011). Using this definition, NCES releases two annual measures of high school completion: the
Adjusted Cohort Graduation Rate (ACGR) and the Averaged Freshman Graduation Rate (AFGR). [1I Both measures provide the
percentage of public school students who attain a regular high school diploma within 4 years of starting ninth grade, but the
ACGR is the more accurate measure because it relies on longitudinal data that track each student over time (McFarland, Stark,
and Cui 2016). The U.S. high school graduation rates discussed below are ACGRs. [2]

On-Time Graduation Rates from 2011 to 2015

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

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

than the general population (76% versus 83%).

Race or ethnicity. Black students made the largest gain during this period, an improvement of 8 percentage points, from
67% in 2011 to 75% in 2015. Hispanic students made a gain of 7 percentage points, from 71% in 2011 to 78% in 2015, as did
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American Indian or Alaska Native students, from 65% in 2011 to 72% in 2015. White students gained 4 percentage points, and

Asian or Pacific Islander students gained 3 percentage points during this period. Despite this improvement, substantial

differences among racial and ethnic groups persisted: in 2015, the on-time high school graduation rates for Asian or Pacific

Islander and white students were 90% and 88%, respectively; and both rates surpassed those of black, Hispanic, and American

-QGLDQ RU $ODVND 1DWLYH VWXGHQWYV E\ DW OHDVW SHUFHQWDJH SRLQWYV

TABLE 1-23

2Q WLPH JUDGXDWLRQ UDWHV RI 8 6 SXEOLF KLIJK VFKRRO VWXGHQW'

(Percent)
Characteristic 2011 2012 2013 2014 2015
All students 79 80 81 82 83
Race or ethnicity & b b b b b
White 84 86 87 87 88
Black 67 69 71 73 75
Hispanic 71 73 75 76 78
Asian or Pacific Islander 87 88 89 89 90
American Indian or Alaska Native 65 67 70 70 72
Economically disadvantaged P 70 72 73 75 76
Limited English proficiency © 57 59 61 63 65
Students with disabilities 9 59 61 62 63 65

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

b This refers to students who met the reporting states' criteria for classification as economically disadvantaged.

Cb 7 Krefers to students who met the definition of limited English proficient as outlined in the ED Facts Workbook. For more information,
see appendix B in https://www?2.ed.gov/about/inits/ed/edfacts/eden/16-17-workbook-13-0.pdf.

dh7KHVH VWXG idéptified a2 Eehiddren with disabilities under the Individuals with Disabilities Education Act.

Source(s)

McFarland J, Stark P, Cui J,Trends in High School Dropout and Completion Rates in the United States: 2013,  NCES2016 117 (2016); U.S.
Department of Education, National Center for Education Statistics, Common Core of Data data tables, https://nces.ed.gov/ccd/tables/
ACGR_RE_and_characteristics_2013-14.asp and https://nces.ed.gov/ccd/tables/ACGR_RE_and_characteristics_2014-15.asp, accessed 27
February 2017.

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

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

6RXWK .RUHD 'HQPDUN -WDO\ *HUPDQ\ DQG 60RYHQLD DOO RI ZKLFK KDG JUDGXDWL

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

(Percent)

Country High school graduation rate

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

Turkey 67.6
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Country High school graduation rate

Mexico 51.3

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

b Graduation rate is for 2013.

Note(s)

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

States). Countries are ordered by 2014 high school graduation rate.

Source(s)
OECD, Education at a Glance: OECD Indicators 2016 (2016).

Science and Engineering Indicators 2018
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Relative standing of U.S. high school graduation rates among OECD countries: 2008, 2010, 2012,
and 2014

(Percent)

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

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

2010
Iceland 88
Germany 87

Norway 87
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Year OECD country High school graduation rate
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
Germany 95
Iceland 95
Hungary 94
Finland 93
Japan 93
Spain 93
Denmark 92

2012 South Korea 92
Norway 88
Slovakia 86
Poland 85
Italy 84
Czech Republic 82
United States 79

Sweden 77
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Year OECD country High school graduation rate
Luxembourg 69
Turkey 55
Mexico 47
Finland 97
Japan 97
South Korea 95
Denmark 94
Italy 93
Germany 91
Iceland 89
Hungary 88
Norway 84

2014
Poland 83
Slovakia 83
United States 82
Czech Republic 74
Luxembourg 74
Spain 74
Sweden 69
Turkey 68
Mexico 51

OECD = Organisation for Economic Co-operation and Development.

Note(s)

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

Source(s)

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

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

GED recipients, who enroll in 2- or 4-year colleges by the October after high school completion.

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

for 2-year institutions.
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Note(s)

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

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

Source(s)
The Condition of Education, tables 302.10, 302.20, 302.30, https://nces.ed.gov/programs/coe/indicator_cpa.asp, accessed 3 May
2017. See Appendix Table 1-27.

Science and Engineering Indicators 2018

Socioeconomic status. Enroliment gaps, however, persisted among students of different socioeconomic backgrounds
(Appendix Table 1-27): in 2015, the immediate college enrollment rate of students from low-income families was lower than
the rate of those from high-income families (69% versus 83%).

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

Sex. The immediate college enrollment rate in 2015 was higher for female students (73%) than for male students (66%).
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Other characteristics . Enroliment rates also varied widely with parental education, ranging in 2015 from 56% for students
ZKRVH SDUHQWY KDG OHVV WKDQ D KLJK VFKRRO HGXFDWLRQ WR IRU VWXGHQWYV Z]|

Preparation for College

Although the majority of U.S. students attend college after high school, high rates of remedial coursetaking and low rates
of college completion indicate that many of them are not well prepared during their high school years for college (Chen 2016).
Research indicates that many college students arrive on campus lacking the necessary academic skills to perform at the
FROOHJH OHYHO 3RVWVHFRQGDU\ LQVWLWXWLRQV DGGUHVV WKLV SUREOHP E\ RIIHUL
basic skills. Students must pass these remedial courses before they can begin taking credit-bearing courses that count toward
WKHLU GHJUHH -Q + DERXW RI VWXGHQWY DW SXEOLF \HDU LQVWLWXWLRQV
having ever taken remedial courses (Skomsvold 2014).

In 2016, Achieve Inc., an independent, nonprofit education reform organization, conducted the first state-by-state analysis
of student performance on college- and career-ready measures (including performance on assessments, completion of a
ULJRURXVY FRXUVH RI VWXG\ DQG HDUQLQJ FROOHJH FUHGLW ZKLOH LQ KLJK VFKRRO
DUH SUHSDUHG WR VXFFHHG LQ SRVWVHFRQGDU\ HGXFDWLRQ $FKLHYH —-QF 6\
ACT also suggest that a majority of high school students are not academically prepared for college-level mathematics and

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

The ACT is a national college admissions examination that consists of subject-area tests in English, mathematics, reading,
and science. In 2016, 64% of the high school graduating class took the ACT (ACT 2016). The ACT organization has
established College Readiness Benchmarks, which are the minimum scores students need to have a high probability of
success in the credit-bearing college courses most commonly taken by first-year college students. " ACT drew on college
performance data from 214 institutions and 230,000 students to establish its benchmarks. Although not representative

of the entire high school population, performance on these benchmarks gives insight into how well prepared a majority

Rl WKH QDWLRQ V VWXGHQWY DUH WR VXFFHHG LQ FROOHJH OHYHO PDWKHPDWLFV D
takers met the college readiness benchmark in mathematics, and 36% met the college readiness benchmark in science

( Figure 1-A). These percentages varied substantially by race or ethnicity, with 70% of Asian ACT takers meeting the
mathematics benchmark, compared with 50% of white students, 27% of Hispanic students, and 13% of black students.
Similar disparities were seen in the percentages of students meeting the science benchmark, with 56% of Asian students
meeting the benchmark, compared with 46% of white students, 21% of Hispanic students, and 11% of black students.
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FIGURE 1-A

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

ACT, 2016. The Condition of College and Career Readiness 2016 . lowa City, IA, https://www.act.org/content/dam/act/
unsecured/documents/CCCR_National_2016.pdf. Accessed 27 February 2017.
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Other measures of college readiness support the ACT findings. National Association of Educational Progress (NAEP)

college-ready indicators provide readiness estimates based on a nationally representative sample of students. The

National Assessment Governing Board (NAGB), which sets policy for NAEP, began using NAEP in 2013 to estimate the

percentage of grade 12 students who possess the knowledge and skills in reading and mathematics that would make

them academically prepared for first-year college coursework. NAGB conducted a decade of research to determine the

NAEP scores students need to earn to demonstrate college readiness. According to results from the 2015 NAEP, an

estimated 37% of twelfth graders were prepared for college-level coursework in mathematics (Kena et al. 2016), a finding

VLPLODU WR WKDW RI $&7 DQG RQH WKDW LV HFKRHG LQ $FKLHYH -QF V VWDWH D
readiness indicators. Achieve found that, even in the highest performing state, only 42% of students were ready for

college-level work in mathematics (Achieve Inc. 2016).

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

With the goals of maintaining global competitiveness and enhancing capacity for innovation, U.S. policymakers have called
for increasing the number and diversity of students pursuing degrees and careers in STEM fields. Data from HSLS:09 gave
insight into the percentage of high school students planning to major in STEM fields in college. Among respondents who
UHSRUWHG SODQV WR SXUVXH D EDFKHORU V GHJUHH LQGLFDWHG SODQV WR SXUV
VWXGHQWY ZHUH WKH PRVW OLNHO\ WR LGHQWLI\ D 67(0 PDMRU ZLWK RI EDFKHORL
STEM major, compared with 32% of white students, 28% of Hispanic students, and 23% of black students. A higher percentage
RI PDOH WKDQ IHPDOH EDFKHORU V GHJUHH SURJUDP UHVSRQGHQWY LGHQWLI

1l 7R FDOFXODWH WKH $&*5 VWDWHYV LGHQWLI\ WKH FRKRUW RI ILUVW WLPH QLQWK J
number by adding any students who transfer into the cohort after ninth grade and subtracting any students who transfer out,

emigrate to another country, or die. The ACGR is the percentage of the students in this cohort who graduate with a high

school diploma within 4 years. The AFGR uses aggregate student enroliment data to estimate the size of an incoming

IUHVKPDQ FODVV ZKLFK LV WKH VXP Rl HLJKWKbJUDGH HQUROOPHQW LQ WKH ILUVW \lI
WHQWKbJUDGH HQUROOPHQW IRU WKH \HDU DIWHU DQG WKHQ GLYLGLQJ E\ WKUHH 7K
awarded 4 years later divided by the estimated incoming freshman class size.

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

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

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

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

Raising overall student achievement, reducing performance gaps among different groups, increasing advanced
coursetaking, recruiting more STEM teachers, and improving college readiness in mathematics and science are high priorities
for education reform across the United States. How well does this country perform in these areas? The indicators in this
chapter present a mixed picture of the status and progress of elementary and secondary mathematics and science education
in the United States.  Table 1-26 provides an overall summary of the data presented in this chapter. It shows that despite
HITRUWY DW UHIRUP WKHUH DUH VXEVWDQWLDO GLVSDULWLHYV LQ 67(0 SHUIRUPDQFH
and SES. Some disparities persist between male and female students, though the differences are small relative to the
disparities by race or ethnicity and SES. In the international arena, the United States performs in the middle of the pack among
developed countries on the TIMSS assessments but at the bottom on PISA. Table 1-27 shows that U.S. performance overall
in STEM has mostly improved over the long term, though short-term trends show some plateaus and downturns. Following is

a summary of the chapter findings by major indicators.



A Se,

: N3 ° National Science Board | Science & Engineering Indicators 2018 1] 106

o, S
Unpatt

cHAPTER 1| Elementary and Secondary Mathematics and Science Education

TABLE 1-26

&KDSWHU VXPPDU\ RI 8 6 SHUIRUPDQFH RQ . 67(0 LQGLFDWRUYV

(Score, percentile, and gaps between groups)

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

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

2015 NAEP Mathematics Grade 4 0 to 500 240 202 277 75 253 229 24 248 224 24 230 18 241 239 2
2015 NAEP Mathematics Grade 8 0 to 500 282 235 329 94 296 268 28 292 260 32 270 22 282 282 0
2015 NAEP Mathematics Grade 12 0 to 300 152 107 196 89 160 137 23 160 130 30 139 21 153 150 3
2015 NAEP Science Grade 4 0 to 300 154 108 196 88 169 140 29 166 133 33 139 27 154 154 0
2015 NAEP Science Grade 8 0to 300 154 109 195 86 167 140 27 166 132 34 140 26 155 152 3
2015 NAEP Science Grade 12 0 to 300 150 103 196 93 160 134 26 160 125 35 136 24 153 148 5
2014 NAEP TEL Grade 8 0 to 300 150 104 193 89 163 135 28 160 128 32 138 22 149 151 2
2014 ECLS-K:2011 Mathematics Grade 3 0to 135 99 NA NA NA 103 93 10 103 90 13 94 9 101 97 4
2014 ECLS-K:2011 Science Grade 3 O0to 87 56 NA NA NA 59 51 8 59 50 9 52 7 56 55 1
2015 TIMSS Mathematics Grade 4 0 to 1,000 535 432 640 208 600 499 101 541 462 79 492 49 543 536 7
2015 TIMSS Mathematics Grade 8 0to 1,000 518 408 624 216 573 477 96 559 495 64 515 44 519 517 2
2015 TIMSS Science Grade 4 0to 1,000 546 439 644 205 603 502 101 570 501 69 518 52 548 544 4
2015 TIMSS Science Grade 8 0to 1,000 530 421 631 210 579 489 90 557 469 88 502 55 533 527 6

2015 TIMSS Advanced Mathematics 0to 1,000 485 352 608 256 534 425 109 495 400 95 440 55 500 470 30
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Gaps between
Data year Assessment Scale Average score or percentage 10th percentile 90th percentile Point range 10th to 90th High and low SES? White and black and Hispanic b Male and female

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

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

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

Transition to postsecondary (%)

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

NA = not available; na = not applicable .

$3 $GYDQFHG 30DFHPHQW - QWHUQDWLRQDO %DFFDODXUHDWH (&/6 . (DUO\ &KLOGKRRG /RQJLW XG L Appendi Makl&s1-15)| NASHH-UNBDddaVASsessh@m df EdEchtional Progréds kse8 8pen@iGTablerDIEs@dd  Apperidi® Gable 1-3);
NAEP TEL = National Assessment of Educational Progress, technology and engineering literacy (see Appendix Table 1-5); PISA = Program for International Student Assessment (see Table 1-11); SES = socioeconomic status; STEM = science, technology, engineering, and mathematics; TIMSS = Trends

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

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

€ See Appendix Table 1-27.
fsSee Figure 1-9.

Note(s)

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

Science and Engineering Indicators 2018
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6XPPDU\ RI ORQJ DQG VKRUW WHUP WUHQGYV LQ 8 6 SHUIRUPDQ|FH R

(Trend)
Long-term trend Short-term trend

Assessment

Date span Trend Date span Trend
NAEP Mathematics Grade 4 1990 2015 y z
NAEP Mathematics Grade 8 y z
NAEP Mathematics Grade 12 / z
NAEP Science Grade 4 y na na
NAEP Science Grade 8 y y
NAEP Science Grade 12 / na na
TIMSS Mathematics Grade 4 y /
TIMSS Mathematics Grade 8 y y
TIMSS Science Grade 4 / /
TIMSS Science Grade 8 y /
TIMSS Advanced Mathematics / na na
TIMSS Advanced Physics / na na
PISA Mathematics (age 15) / z
PISA Science (age 15) / /
On-time high school graduation & y y
Immediate college enrollment b y y

/L Q G L F Daghificar® éhange; » = upward trend in scores;  z=downward trend in scores; na = not applicable because data are

available for only two time points, so long term is the only trend.

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

Mathematics and Science Study (see Figure 1-3 and Figure 1-4).
2See Table 1-23.

b see Appendix Table 1-27.

Science and Engineering Indicators 2018
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NAEP mathematics assessment results show that average mathematics scores for fourth, eighth, and twelfth graders
remained relatively flat over the past decade and then declined slightly from 2013 to 2015. These declines are the first since
1990 for fourth and eighth graders and since 2005 for twelfth graders. NAEP science results for fourth and eighth graders
were more encouraging, with increases of 4 points in average scores since 2009, although average scores for twelfth graders
did not change during the same period. NAEP data indicate that achievement gaps persisted in the United States: low-SES,
black, and Hispanic students trailed their peers by large margins, and male students slightly outperformed female students on
most NAEP exams. Data from ECLS-K:2011 showed patterns similar to those from NAEP with respect to performance by
different subgroups: high-SES students outscored low-SES students, Asian and white students outscored black and Hispanic
students, and male students slightly outscored female students. Gaps that were evident between disadvantaged and

advantaged groups in kindergarten and first grade remained through the end of third grade.

-Q WKH LQWHUQDWLRQDO DUHQD WKH QDWLRQ V IRXUWK JUDGHUV VFRUHG LQ WKH
mathematics and science on the 2015 TIMSS assessments, although their scores in either subject did not improve since the
last administration in 2011. U.S. eighth graders also performed in the top quarter of participating education systems in 2015
DQG LPSURYHG LQ PDWKHPDWLFV EXW QRW LQ VFLHQFH VLQFH 8 6 \HDU ROGV
mathematics and did not change significantly in science when compared with the last administration in 2012. The United

States scored lower than 36 education systems in mathematics and 18 in science.

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

Attracting and retaining high-quality STEM teachers continues to be a focus of educators and policymakers, as evidenced
by the inclusion in ESSA of multiple provisions related to STEM teachers. The law allows states to use differential pay to attract
STEM teachers and provides grants to create STEM master teacher corps, among other incentives. A recent international
DQDO\WLYV VXJIJHVWV WKDW WKH 8QLWHG 6WDWHY UDQNV ORZ DPRQJ GHYHORSHG FRXC
the salaries of other educated workers, which may play a role in STEM teacher recruitment and retention.

Recent federal and state policies encourage greater use of technology throughout the education system to improve
VWXGHQWY OHDUQLQJ H[SHULHQFHV 7KH XVH RI LQVWUXFWLRQDO WHFKQRORJ\ LQ .+
districts have invested in technology such as computers and mobile devices, and more than two-thirds of school district
technology administrators indicated that all the schools in their system fully met Internet bandwidth recommendations for
public schools in 2016. Rigorous research on the effects of instructional technology and online learning shows some modest
positive effects on student mathematics learning, but more research is needed to determine which technologies are effective
and under what conditions.

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

Definitions

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

courses, available for a wide range of academic subjects.

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

Distance education: A mode of delivering education and instruction to students who are not physically present in a traditional
VHWWLQJ VXFK DV D FODVVURRP $OVR NQRZQ DV GLVWDQFH OHDUQLQJ LW SURYLGF
and the learners are separated by time and/or distance.

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

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

based on parent-reported family income and family size.

English language learner: An individual who, because of any of the following reasons, has sufficient difficulty speaking,

reading, writing, or understanding the English language to be denied the opportunity to learn successfully in classrooms

where the language of instruction is English or to participate fully in the larger U.S. society. Such an individual (1) was not born

in the United States or has a native language other than English, (2) comes from environments where a language other than

English is dominant, or (3) is an American Indian or Alaska Native and comes from an environment where a language other

WKDQ (QJOLVK KDV KDG D VLIJQLILFDQW HIIHFW RQ WKH LQGLYLGXDO V OHYHO RI (QJO

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

of learning comparable with that of high school graduates.

High school: $ VFKRRO WKDW KDV DW OHDVW RQH JUDGH KLJKHU WKDQ DQG QR JUDGH LQ
High school completer: An individual who has been awarded a high school diploma or an equivalent credential, including a

GED certificate.

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

academic diploma, a general diploma, or a vocational diploma.
Middle school : $ VFKRRO WKDW KDV DQ\ Rl JUDGHYV QR JUDGH ORZHU WKDQ DQG QR JU
Online learning: Education in which instruction and content are delivered primarily over the Internet.

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

technology statistics for all member and selected nonmember countries.

Postsecondary education: The provision of a formal instructional program with a curriculum designed primarily for students
who have completed the requirements for a high school diploma or its equivalent. These programs include those with an
academic, vocational, or continuing professional education purpose and exclude vocational and adult basic education
programs.

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

Repeating cross-sectional studies: This type of research focuses on how a specific group of students performs in a particular
year, then looks at the performance of a similar group of students at a later point. An example would be comparing fourth
graders in 1990 with fourth graders in 2011 in NAEP.

Scale score: Scale scores place students on a continuous achievement scale based on their overall performance on the
assessment. Each assessment program develops its own scales.

Key to Acronyms and Abbreviations

ACGR adjusted cohort graduation rate

AFGR averaged freshman graduation rate

AP: Advanced Placement

CRDC Civil Rights Data Collection

CREDO:Center for Research on Education Outcomes

ECLS-KEarly Childhood Longitudinal Study-Kindergarten

ESSA Every Student Succeeds Act

GED: General Educational Development

HSLS High School Longitudinal Study

IB: International Baccalaureate

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

NAEP: National Assessment of Educational Progress

NAGB: National Assessment Governing Board

NCES National Center for Education Statistics

NRC: National Research Council

NSFE National Science Foundation

NSLP:National School Lunch Program

NTPS:National Teacher and Principal Survey

OECD Organisation for Economic Co-operation and Development

PISA Program for International Student Assessment

SASS Schools and Staffing Survey
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SES socioeconomic status

STEM science, technology, engineering, and mathematics
TEL:technology and engineering literacy
TIMSS Trends in International Mathematics and Science Study

UK: United Kingdom
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Highlights

Characteristics of the U.S. Higher Education System

A disproportionate numberof 6 ( EDFKHORU V PDVW ldtd degreb blHeS RyfaiMddfrom a small number of
universities with very high levels of research activity . But other types of institutions are making substantial contribution s
to HGXFDWLQJ WS giabuatésRIQ2015:

- QVWLWXWLRQV ZLWK YHU\ KLJK UHVHDUFK DFWLYLW\ DZDUGHG RI GRFWRUDO
EDFKHORU V GHJUHHV LQ 6 ( ILHOGYV

ODVWHU V OHYHO FROOHJHY DQG XQLYHUVLWLHY DZDUGHG Rl 6 ( EDFKHORU V
year colleges supplied the rest.

OLQRULW\ VHUYLQJ LQVWLWXWLRQV SOD\ DQ LPSRUWDQW UROH LQ XQGHUUHSUHYV
pathways. About 30% of Hispanic S&E doctorate recipients who earned their doctorates between 2011 and 2015 had

obtained their baccalaureate credential at a high-Hispanic-enrollment institution, and 24% of black S&E doctorate

recipients who received their doctorates in the same period had obtained their baccalaureate degree at a historically

black college or university.

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

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

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

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

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

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

Between 2006 07 and 2016 7, estimated average net tuition and fees paid by full-time undergraduate students in
public 4-year colleges increased by about 30% after adjusting for inflation.

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

Levels of debt among doctorate recipients vary by field. In S&E fields, high levels of graduate debt were most
common among doctorate recipients in social sciences, psychology, and medical and other health sciences.
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At the time of doctoral degree conferral, 43% of 2015 S&E doctorate recipients had debt related to their
undergraduate or graduate education.

Undergraduate Education, Enrollment, and Degrees

Undergraduate enroliment in U.S. higher education rose from 13.3 million in 2000 to 17. 3 million in 201 5. The largest
increases occurred L Q DQG and thus coincided with the two economic downturns  , continuing a well-
established pattern seen in earlier economic downturns. Enroliment peaked at 18.3 million in 2010 but has since

declined.

$VVRFLDWH V FROOHJHVY HQUROO WKH ODUJHVW QXPEHU RI VWXGHQWY IROORZHC(
doctorate-granting institutions with very high research activity.

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

7KH QXPEHU RI 6 ( DVVRFLDWH V GHJUHHV LQFUHDVHG IURP  Duringhts period, tteH WZHH Q
JURZWK RI 6 ( GHJUHHV DW WKH DYVURRUIDWHW WKIXGIQURZWK DW WKH EDFKHORU V
doctoral levels (60%).

-Q DERXW Rl WKH DVVRFLDWH V GHJUHHY DZDUGHG ZHUH LQ 6 ( DQG DQRW
technologies.

6LQFH WKH QXPEHU RI DVVRFLDWH V GHJUHHV LQ 6 ( WHFKQRORJLHV ZKLFK K
WR 1HDUO\ WKUHH TXDUWHUV RI WKHVH DVVRFLDWH V GHJUHHYV DUH LQ KHEL
are in engineering technologies.

The QXPEHU RI 6 ( EDFKHORU V GHJU HrHhe Unided Sidtes Hh@erhe/pad G5 y@ars, peaking at more
than 650,000in 2015. 6 ( GHJUHHV FRQWLQXHG WR DFFRXQW IRU DERXW RQH WKLUG RI DOO
period .

$00 6 ( ILHOGV H[SHULHQFHG LQFUHDVHVY LQ WKH QXPEHUV RI EDFKHORU V GHJUF
sciences, which had declined sharply in the mid-2000s and had remained flat through 2009.

RPHQ KDYH HDUQHG DERXW RI DOO EDFKHORU V GHJUHHY DQG DERXW KDOI RI
V OHQ HDUQ WKH PDMRULW\ RI EDFKHORU V GHJUHHYV LQ HQJLQHHULQJ FRPSX
and physics, and women earn the majority in the biological, agricultural, and social sciences and in psychology.

7KH UDFLDO DQG HWKQLF FRPSRVLWLRQ RI WKRVH HDUQLQJ 6 ( EDFKHORU V GHJUHH
and increases in college attendance among members of minority groups.

JRU DOO UDFLDO DQG HWKQLF JURXSV WKH WRWDO QXPEHU RI EDFKHORU V GHJU
GHJUHHVY HDUQHG DQG WKH QXPEHU RI EDFKHORU V GHJUHHV LQ PRVW EURDG 6 (

%HWZHHQ DQG WKH VKDUH RI EDFKHORU V GHJUHHY DZDUGHG WR +LVSDQL
residents increased from 7% to 13%, in S&E and in all fields combined, and remained steady at about 1% for

$PHULFDQ -QGLDQV DQG $ODVND 1DWLYHV -Q WKH VDPH SHULRG WKH VKDUH RI
remained stable at 9% in S&E fields but increased from 9% to 10% in all fields.
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The number of international undergraduate student enrollment in U.S. academic institutions increased consistently
between fall 2012 and fall 2016 but fell 2% between fall 2016 and fall 2017.

The decline in international undergraduate enroliment between 2016 and 2017 is due solely to a decline in
HQUROOPHQW LQ QRQ 6 ( ILHOGY HQUROOPHQW LQ 6 ( ILHOGY KHOG VWHDG\ RYHU

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

In fall 2017, China, Saudi Arabia, India, South Korea, and Kuwait were the top countries sending S&E undergraduates

to the United States, as in the previous year. Compared to fall 2016, the number of undergraduates from China,

India, and Kuwait enrolled in fall 2017 declined (by 3%, 11%, and 4% respectively) while the number from Saudi

Arabia and South Korea declined (by 18% and 7% respectively).
$PRQJ VWXGHQWY ZKR EHIJIDQ SRVWVHFRQGDU\ HGXFDWLRQ LQ abldtyoPorRrOSHIHIHY D QC
enrolled 3 years later, either at theirfir VW LQVWLWXWLRQ RU DW DQRWKHU DQG KDG HDUQHG HLV
EDFKHORU V GHJUHH

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

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

Graduate Education, Enrollment, and Degrees

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

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

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

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

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

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

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

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

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

compared with about 4 in 10 international undergraduates.

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

to prior years.

ODVWHU V GHJUHHV DZDUGHG LQ 6 ( ILHOGV LQFUHDVHG IURP DERXW LQ WR
7KH QXPEHU RI PDVWHU V GHJUHHYV DZDUGHG LQ HQJLQHHULQJ LQ ZDV WKH KL
PDVWHU V GHJUHHV LQ FRPSXWHU VFLHQFHYV DZDUGHG LQ VXUSDVVHG LWV SH

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

computer sciences, and engineering.

7KH QXPEHU DQG SHUFHQWDJH RI PDVWHU V GHJUHHY DZDUGHG WR ZRPHQ LQ PR\
2000.

7KH QXPEHU RI 6 ( PDVWHU V GHJUHHY DZDUGHG LQFUHDVHG IRU DOO UDFLDO DQ
the proportion of degrees earned by blacks and Hispanics increased, that of American Indians or Alaska Natives
remained flat, and those of whites and Asians and Pacific Islanders declined.

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

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

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

Students on temporary visas continue to earn high proportions of U.S. S&E doctorates, including the majority of degrees
LQ VRPH ILHOGYV 7KH\ DOVR HDUQHG ODUJH VKDUHV RI WKH PDVWHU V GHJUHHV LQ ¢

of undergraduate S&E degrees.

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

The number of temporary visa holders earning S&E doctoral degrees grew consistently between 2011 and 2014 but

remained flat in 2015.

6WXGHQWYVY RQ WHPSRUDU\ YLVDV HDUQHG RI WKH DVVRFLDWH V DQG RlI WKH |



.7 National Science Board | Science & Engineering Indicators 2018 2| 8

Unpatt

| cHAPTER 2| Higher Education in Science and Engineering

International S&E Higher Education

In 2014, more than 7.5 million first university degrees EURDGO\ HTXLYDOHQW W Rwére aweFdédios®&8 V GHJUHH
worldwide. Students in India earned about 25% of those degrees, those in China earned about 2 2%, those in the
European Union earned about 1 2%, and those in the United States earned about 10%.

6 (GHJUHHVY FRQWLQXH WR DFFRXQW IRU DERXW RQH WKLUG RI DOO EDFKHORU V
Japan, more than half of the first university degrees were awarded in S&E fields in 2014; in China, nearly half.

-Q WKH 8QLWHG 6WDWHV DERXW RI DOO EDFKHORU V GHJUHHY DZDUGHG LQ
about 18% throughout Asia and 33% in China.

In 2014, the United States awarded the largest number of S&E doctoral degrees of any individual country, followed by
China, Russia, Germany, the United Kingdom , and India.

The numbers of S&E doctoral degrees awarded in China and the United States have risen substantially in recent
years. S&E doctorates awarded in South Korea and in many European countries have risen more modestly. S&E
doctorates awarded in Japan increased fairly steadily through 2006 but have declined since then.

As a result of large government investments in higher education, in 2007 China overtook the United States as the
world leader in the number of doctoral degrees awarded in the natural sciences and engineering (which includes
agricultural, biological, and physical sciences, mathematics and statistics, and computer sciences and excludes social
and behavioral sciences). Since 2010, this number in China has risen more slowly.

International student mobility expanded over the past two decades as countries increasingly compet e for international
students.

The United States remains the destination for the largest number of internationally mobile undergraduate and
graduate students worldwide, although its share decreased from 25% in 2000 to 19% in 2014.

Other top destinations for international students include the United Kingdom, Australia, France, and Germany.

Introduction

Chapter Overview

This chapter focuses on the development of human capital in S&E through higher education. Postsecondary education
SURYLGHY WKH DGYDQFHG VNLOOV QHHGHG IRU DQ HGXFDWHG FLWL]JHQU\ D FRPSHWL
6 (HGXFDWLRQ WKH UHVHDUFK FDSDELOLW\ QHFHVVDU\ IRU LQQRYDWLRQ

Indicators presented in this chapter are discussed in the context of national and global developments, including changing
demographics, increasing international student mobility, and increasing global competition in higher education. The
composition of the U.S. college-age population is becoming more diverse as the Asian and Hispanic shares of the population
increase. During the latest economic downturn, public institutions of higher education faced unique pressures from a
combination of increasing enrollments and tight state budgets. Private institutions likewise experienced financial challenges
stemming from declining incomes and the effects of stock market fluctuations on endowment growth. Technology has
enabled rapid growth in the delivery of online courses; the consequences of these changes are not well understood.
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Over the past decade and a half, governments around the globe have increasingly regarded higher education as an

essential national resource. Although the United States has historically been a world leader in providing broad access to
higher education and in attracting international students, many other countries are providing expanded educational access to
their own populations and are attracting growing numbers of international students. Nevertheless, in recent years, increases
in international students contributed to most of the growth in overall S&E graduate enrollment in the United States. After a
decline in the number of international students coming to the United States after 11 September 2001, international student

enrolliment in S&E had recovered, but in the last year their numbers have dropped once again.

Chapter Organization

This chapter begins with an overview of the characteristics of U.S. higher education institutions that provide instruction in
S&E, followed by a discussion of characteristics of U.S. undergraduate and graduate education. [l Trends are discussed by
field and demographic group, with attention to the flow of international students into the United States by country of origin.
Various international higher education indicators include comparative S&E degree production in several world regions and
measures of the growing dependence of industrialized countries on international S&E students.

The chapter draws on a variety of federal and nonfederal sources, primarily surveys conducted by the National Center for
Science and Engineering (NCSES) within the National Science Foundation (NSF) and by the National Center for Education
Statistics (NCES) at the Department of Education. International data come from the Organisation for Economic Co-operation
and Development (OECD); the United Nations Educational, Scientific and Cultural Organization (UNESCO) Institute for Statistics
8-6 DQG LQGLYLGXDO FRXQWU\ VRXUFHV ORVW RI WKH GDWD LQ WKLV FKDSWHU DUl
H[DPSOH DOO VWXGHQWY UHFHLYLQJ GHJUHHV IURP 8 6 DFDGHPLF LQVWLWXWLRQV D

(1] For data on postdoctoral scientists and engineers see Chapter 3 and Chapter 5. For data on stay rates of doctorate
recipients see Chapter 3.
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The U.S. Higher Education System

This section discusses the characteristics of U.S. higher education institutions that provide S&E education and various
aspects of and trends in their finances.

Institutions Providing S&E Education

The U.S. higher education system consists of many diverse academic institutions that vary in their missions, learning
environments, selectivity levels, religious affiliations, types of students served, types of degrees offered, sectors (public, private
QRQSURILW RU SULYDWH IRU SURILW DQG FRVWY .HQD HW DO 'XULQJ WKH
4,600 postsecondary degree-granting institutions in the United States; about two-thirds (66%) of these offered 4-year or higher
degrees, and the remainder offered 2-year degrees ( Table 2-1). More than half of the 4-year institutions are private
nonprofit, 24% are public, and 23% are private for-profit. Most 2-year institutions are public (58%), but a large proportion
(36%) are private for-profit ( Table 2-1).

TABLE 2-1

'"HIJUHH JUDQWLQJ LQVWLWXWLRQV E\ FRQWURO DQG OHYHO RI LQVWI

(Number)
Highest degree awarded All degree-granting institutions Public Private nonprofit Private for-profit
Total 4,583 1,620 1,701 1,262
2-year 1,579 910 107 562
4-year 3,004 710 1,594 700
Source(s)

National Center for Education Statistics, Integrated Postsecondary Education Data System (IPEDS), Institutional Characteristics
FRPSRQHQW

Science and Engineering Indicators 2018

-Q 8 6 DFDGHPLF LQVWLWXWLRQV DZDUGHG QHDUO\ PLOOLRQ DVVRFLDWH V
of them in S&E fields (Appendix Table 2-1). [1I Public institutions produced the bulk of S&E and non-S&E degrees ( Table 2-2).
JRU H[DPSOH SXEOLF LQVWLWXWLRQV DZDUGHG QHDUO\ RI 6 ( EDFKHORU V DQG GR

$OWKRXJIK UHODWLYHO\ IHZ GRFWRUDWH JUDQWLQJ LQVWLWXWLRQV ZLWK YHU\
OHDGLQJ SURGXFHUV RI 6 ( GHJUHHY WKHVH UHVHDUFK LQVWLWXWLRQV DZDUGHG

Rl EDFKHORU V GHJUHHV LQ 6 ( ILHOGV LQ $ S SHeGd ClasBfE@ibh of Acaddidied VLGHEDU
Institutions ODVWHU V FROOHJHY DQG XQLYHUVLWLHY DZDUGHG DQRWKHU R1 6 ( EDFKF
degrees in 2015.
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Degree awards, by degree level and institutional control: 2015

(Number)

Degree awards Total Public Private nonprofit Private for-profit

All fields 3,772,587 2,436,359 988,737 347,491
Associate's 1,024,186 824,380 62,461 137,345
Bachelor's 1,915,608 1,216,648 565,271 133,689
Master's 763,678 351,798 340,130 71,750
Doctorate 69,115 43,533 20,875 4,707

S&E 960,594 642,527 268,156 49,911
Associate's 90,589 71,107 3,125 16,357
Bachelor's 649,922 444,621 182,088 23,213
Master's 180,905 100,090 71,748 9,067
Doctorate 39,178 26,709 11,195 1,274

Source(s)

National Center for Education Statistics, Integrated Postsecondary Education Data System (IPEDS), Completions Survey; National

Science Foundation, National Center for Science and Engineering Statistics, WebCASPAR database, https://ncsesdata.nsf.gov/

webcaspar/.

Science and Engineering Indicators 2018
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Carnegie Classification of Academic Institutions

The Carnegie Classification of Institutions of Higher Education is widely used in higher education research to characterize
and control for differences in academic institutions.

The 2010 classification update retains the structure adopted in 2005 and classified about 4,200 institutions. More than
three-quarters of the institutions added in that update (77%) were from the private for-profit sector, 19% were from the
private nonprofit sector, and 4% were from the public sector.

The Carnegie classification categorizes academic institutions primarily on the basis of highest degree conferred, level of
degree production, and research activity.* In this report, several Carnegie categories have been aggregated for statistical
purposes. The characteristics of those aggregated groups are as follows:

Doctorate-granting universities include institutions that award at least 20 doctoral degrees per year. They include
three subgroups based on level of research activity: very high research activity (97 institutions), high research activity
(1083 institutions), and doctoral/research universities (82 institutions). Because doctorate-granting institutions with
very high research activity are central to S&E education and research, data on these institutions are reported
separately.

ODVWHU V FROOHJHV DQEBEOX®mH MKW WLHFVWLWXWLRQV WKDW DZDUG DW OHDVW
than 20 doctoral degrees per year.

Baccalaureate colleges include the 749 institutions at which baccalaureate degrees represent at least 10% of all
XQGHUJUDGXDWH GHJUHHYVY DQG WKDW DZDUG IHZHU WKDQ PDVWHU V GHJUHHYV |

$VVRFLDWH WBROREHHWKH LOQVWLWXWLRQV DW ZKLFK DOO GHJUHHV DZDUGHC
EDFKHORU V GHJUHHYVY DFFRXQW IRU OHVV WKDQ Rl DOO XQGHUJUDGXDWH GHJL

Special-focus institutions are the 744 institutions at which at least 75% of degrees are concentrated in a single field
or a set of related fields (e.g., medical schools and medical centers, schools of engineering, schools of business and
management).

Tribal colleges are the 33 colleges and universities that are members of the American Indian Higher Education
Consortium.

* Research activity is based on two indexes (aggregate level of research and per capita research activity) derived from a
principal components analysis of data on research and development expenditures, S&E research staff, and field of
doctoral degree. See http://carnegieclassifications.iu.edu/  for more information on the classification system and on the
methodology used in defining the categories.

%DFFDODXUHDWH FROOHJHYVY ZHUH WKH VRXUFH RI UHODWLYHO\ IHZ 6 ( EDFKHORU V
SURGXFH Rl IXWXUH 6 ( GRFWRUDWH UHFLSLHQWYVY 16) 1&6(6 KHQ DGMXVWHG E
DZDUGHG LQ DOO ILHOGVY WKH WRS EDFFDODXUHDWH FROOHJHV DV D JURXS \LHOG |
degrees awarded than all other types of institutions except very high research universities. (2]


https://www.nsf.gov/cgi-bin/goodbye?http://carnegieclassifications.iu.edu/
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Minority-serving Institutions

Minority-serving academic institutions (MSIs) can be defined by legislation or by the proportion of minority student
enrollment in them (Li 2007). Examples of MSIs established by legislation include historically black colleges or universities
(HBCUs, see sidebar Historically Black Colleges and Universities ) and tribal colleges or universities [3] (TCUs). Given their
legal definition, the number of institutions in these groups cannot increase in number unless Congress acts to designate
additional institutions in those groups. In contrast, high-Hispanic-enrollment institutions [4] (HHEs, see sidebar High-
Hispanic-Enrollment Institutions: A Typology ) are a type of MSI based on the percentage of minority student enroliment. The
number of institutions in these groups vary from year to year based on the enrollment of students in their respective minority
groups. [

MSiIs enroll a substantial fraction of underrepresented minority undergraduates (NSF/NCSES 2017a). In 2015, HBCUs
DZDUGHG Rl WKH 6 (EDFKHORU V GHJUHHVY HDUQHG E\ EODFN 8 6 FLWL]JHQV DC
DERXW RI WKH 6 (EDFKHORU V GHJUHHV HDUQHG E\ +LVSDQLFV 7KH SURSRUW
GHJUHHV IURP +% &8V KDV EHHQ GHFOLQLQJ LQ UHFHQW \HDUV 7KH SURSRUWLRQ RI +|
HHESs declined through 2011 but has been stable at about 34% since then. Tribal colleges, which mainly offer 2-year degrees,
DFFRXQW IRU DERXW Rl WKH QHDUO\ 6 ( EDFKHORU V GHJUHHY DZDUGHG WR $PH
slightly in the last 5 years. [©]
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Historically Black Colleges and Universities

7KH +LJKHU (GXFDWLRQ $FW RI DV DPHQGHG GHILQHVY D KLVWRULFDOO\ EODFN F
historically black college or university that was established prior to 1964, whose principal mission was, and is, the
HGXFDWLRQ RI EODFN $PHULFDQV 7KHVH LQVWLWXWLRQV ZHUH HVWDEOLVKHG DQG
segregation and greatly contributed to the progress of blacks by providing access to higher education (Hill, 1985). In
WKHUH ZHUH +% &8V LQ RSHUDWLRQ LQ VWDWHYV WKH 'LVWULFW RI &ROXP
these institutions were public and half were private nonprofit institutions. The number of students enrolled at HBCUs
increased by 32% between 1976 and 2015 to about 293,000. In comparison, the number of students enrolled in degree-
granting institutions increased by 84%, to about 20 million during the same period (NCES 2017). In 2015, the majority of
HBCU students were enrolled in 4-year institutions (89%) and the remainder were enrolled in 2-year institutions. More
than three-quarters of HBCU students attended public institutions (75%) and 25% attended private nonprofit
institutions.*

Although HBCUs were originally established to educate black or African American students, they enroll a diverse student
body. In 2015, students who were not black or African American were 24% of total enroliment in HBCUs, up from 15% in
1976 (NCES 2017).

* Special tabulation from the 2015 Fall Enrollment survey in https://ncsesdata.nsf.gov/webcaspar/

Special tabulation from the 2015 Fall Enroliment survey in  https://ncsesdata.nsf.gov/webcaspar/


https://ncsesdata.nsf.gov/webcaspar/
https://ncsesdata.nsf.gov/webcaspar/
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High-Hispanic-Enrollment Institutions: A Typology

The demographic composition of the United States has been changing. According to the latest Census Bureau

projections, the proportion of Hispanics between the ages of 20 and 24 is expected to grow from 22% in 2015 to 32% in

2060 (National Science Board 2016). Along these demographic trends, the number of colleges and universities serving

large numbers of Hispanic students has increased considerably.

High-Hispanic-enrollment institutions (HHES) are degree-granting, nonprofit colleges and universities where full-time

equivalent undergraduate enrollment is at least 25% Hispanic students.* The number of HHEs has more than doubled

from 189 in 1994 to 432 in 2015, accounting now for 13% of all degree-granting public and private nonprofit institutions.

In addition, about 300 institutions enroll between 15% and 24% Hispanic students; these institutions are considered
HPHUJLQJ ++(V -Q ++(V HQUROOHG D WRWDO RI PLOOLRQ VWXGHQWVY QHDU
one-quarter were white, and nearly 1 in 10 was black. About 53% of the students enrolled in an HHE were attending part

time.

HHESs are diverse. In 2014, about half of them were 2-year institutions, half of them were 4-year institutions, and most

were public.

Nufiez, Crisp, and Elizondo (2016) conducted an empirical analysis of HHEs with data from the Integrated Postsecondary

Education Data System (IPEDS), the Census Bureau, and the American Community Survey. The study was based on the

-3('6 GDWD EHFDXVH WKH GDWD IRU WKDW DFDGHPLF \HDU FRQWDLQHG WKH PF
WKH GDWD LQFOXGHG DFFUHGLWHG ++(V 8VLQJ FOXVWHU DQDO\VLV WKH\ |

homogeneous groups as follows:

1.

Urban enclave community colleges UHSUHVHQWHG Rl DOO ++(V DQG LQFOXGH SXEOLF LQVW
degrees and certificates as their highest degrees. The institutions in this group enroll large numbers of students, the

vast majority of whom are in cities or suburbs, and more than half are in the West. More than two-thirds of the

students were enrolled part time, and a similar proportion of the faculty worked part time.

Rural dispersed community colleges represented 13% of all HHEs. They also include public institutions offering

DVVRFLDWH V GHJUHHY DQG FHUWLILFDWHY DV WKHLU KLIKHVW GHJUHHYVY KRZHYl
isolated areas and had lower student enrollment than the community colleges in the first group. About two-thirds of

them were in the South, particularly in the Southwest. About 65% of the students were enrolled part time, and 41%

of their faculty worked part time.

Big system 4 years represented 21% of the HHEs and had the highest student enrollment of all the clusters. These

institutions tended to be in a state public institution system (e.g., the California State University system, the City

8QLYHUVLW\ RI 1HZ <RUN WKH 8QLYHUVLW\ RI 7H[DV 6\VWHP 7KH YDVW PDMRULYV
more than three-quarters were public. These institutions provide broad access to students, admitting a higher

proportion of students than the other 4-year institutions in the groups below. The majority of students in these

institutions were enrolled full time, and more than half of the faculty worked full time.

Small community 4 years were smaller than the others, representing 9% of HHEs. Nearly all of them were private
DQG RIIHUHG EDFKHORU V RU KLJKHU GHJUHHVY 7KH\ LQFOXGHG VRPH VPDOO OLE|
ones. They were mostly in urban and suburban areas with high levels of educational attainment in the West and the
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South. Compared with the previous clusters, this group included more selective institutions. This group also
employed a lower proportion of Hispanic faculty members. Two-thirds of the students in these institutions were
enrolled full time, and only 46% of the faculty worked full time.

5. Puerto Rican institutions represented 19% of all HHES, and the vast majority were in cities and suburbs in Puerto
5LFR ORUH WKDQ WZR WKLUGV RI WKHVH ++(V ZHUH SULYDWH DQG QHDUO\ RII
quarters of the students are enrolled full time; most of the faculty worked part-time.

6. Health sciences schools represented the only two HHEs focused on health sciences, the University of Texas Health
Science Center and the University of Puerto Rico Medical School. These institutions had low enrollment, a higher
proportion of female students, a higher proportion of full-time students and faculty, and selective admission
requirements.

This classification shows the diversity of HHEs in terms of their geographic locations, faculty and student body, and

academic programs offered.

0ODQ\ UHVHDUFKHUV XVH WKH WHUP KLJK +LVSDQLF HQUROOPHQW DQG +LVSDQLF
HSIs meet the federally designated criterion (i.e., public and private nonprofit institutions whose undergraduate, full-time
equivalent student enrollment is at least 25% Hispanic) and are therefore eligible to apply for Hispanic-serving institution
VWDWXV %DVHG RQ WKH 7LWOH 9 SURJUDP XQGHU WKH +LJKHU (GXFDWLRQ $FW DO
- QVWLWXWLRQV 3URJUDP WKHVH LQVWLWXWLRQV DUH HOLJLEOH IRU IHGHUDO JUD (
opportunities and improve the educational attainment of Hispanic students. Because there is no information on whether
institutions apply for the HSI designation, NCSES uses the 25% enrollment criterion to determine which institutions have
high-Hispanic enrollment. For additional information, see https://www2.ed.gov/about/offices/list/ope/idues/
hsidivision.html , accessed 15 May 2017.

HHEs and HBCUs also play an important role in training Hispanic and black students for doctoral-level study in S&E fields.
Of Hispanics who earned an S&E doctorate between 2011 and 2015, nearly 30% had obtained their baccalaureate at an HHE
( Table 2-3). Similarly, 24% of black S&E doctorate recipients had an HBCU baccalaureate (  Table 2-4). HBCUs were the
second-largest contributor of black S&E doctorate recipients, behind only institutions with very high research activity (NSF/
NCSES 2013).


https://www2.ed.gov/about/offices/list/ope/idues/hsidivision.html
https://www2.ed.gov/about/offices/list/ope/idues/hsidivision.html
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TABLE 2-3

Distribution of U.S. citizen and permanent resident S&E doctorate recipients whose
EDFFDODXUHDWH RULJLQ LV D KLJK +LVSDQLF HQUROOPHQW LQVWLW:

(Number)
Earned baccalaureate degree from a high-Hispanic-enroliment institution
Ethnicity and race All
Yes No Yes (%)
All ethnicities and races 115,369 5,822 109,547 5.0
Hispanic or Latino 7,337 2,151 5,186 29.3
Not Hispanic or Latino
American Indian or Alaska Native 350 35 315 10.0
Asian 11,545 315 11,230 2.7
Black or African American 6,073 302 5771 5.0
White 84,277 2,679 81,598 3.2
More than one race 3,024 170 2,854 5.6
Other race or race not reported 895 57 838 6.4
Ethnicity not reported 1,868 113 1,755 6.0
Note(s)
Reporting categories for ethnicity and race were expanded in 2013; comparisons with data before 2013 should be made with caution.
Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016), 2015 Survey of Earned
Doctorates (SED).

Science and Engineering Indicators 2018
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U.S. citizen and permanent resident S&E doctorate recipients whose baccalaureate origin is an
+%&8 E\ HWKQLFLW\ DQG UDFH

(Number)
Earned baccalaureate degree from an HBCU

Ethnicity and race All
Yes No Yes (%)
All ethnicities and races 115,369 1,640 113,729 14
Hispanic or Latino 7,337 33 7,304 0.4

Not Hispanic or Latino

American Indian or Alaska Native 350 s s s
Asian 11,545 10 11,535 0.1
Black or African American 6,073 1,462 4,611 24.1
White 84,277 70 84,207 0.1
More than one race 3,024 28 2,996 0.9
Other race or race not reported 895 s S S
Ethnicity not reported 1,868 29 1,839 1.6

s = suppressed for reasons of confidentiality and/or reliability

HBCU = historically black college or university.

Note(s)

Reporting categories for ethnicity and race were expanded in 2013; comparisons with data before 2013 should be made with caution.

Source(s)

National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016), 2015 Survey of Earned
Doctorates (SED).

Science and Engineering Indicators 2018

Community Colleges

&RPPXQLW\ FROOHJHVY DOVR NQRZQ DV SXEOLF \HDU FROOHJHV RU DVVRFLDWH V F
higher education for all citizens. These institutions serve diverse groups of students and offer a more affordable means of
participating in postsecondary education. Community colleges prepare students to enter the workforce with certificates or
DVVRFLDWH V GHJUHHV RU WR WUDQVLWLRQ WR \HDU FROOHJHV RU XQLYHUVLWLHV
colleges tend to be closely connected with local businesses, community organizations, and government, so they can be more
responsive to local workforce needs (Olson and Labov 2012).
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-Q WKH DFDGHPLF \HDU WKHUH ZHUH FRPPXQLW\ FROOHJHV LQ WKH 8QLWH:(
nearly one-third of all postsecondary students (NCES 2017). Most (62%) community college students enrolled part time.
Responding to the economic recession in the late 2000s, enrollment in community colleges peaked in 2010 at 7.2 million but
has declined with improving labor markets (Ginder and Kelly-Reid 2017; Ginder, Kelly-Reid, and Mann 2014; Knapp, Kelly-Reid,
and Ginder 2009, 2011).

Community colleges play a significant role in educating students who go on to acquire advanced S&E degrees. About 19%
of U.S. citizens and permanent residents with S&E doctoral degrees earned between 2011 and 2015 reported having some
college credit from a community or 2-year college ( Table 2-5). In fact, 47% of all recent S&E graduates had done some
coursework at a community college (in 2003, it was 48%, according to the National Survey of College Graduates). [l Graduates
in the biological and social sciences were more likely than those in the physical and computer sciences and in engineering to
have attended a community college.
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U.S. citizen and permanent resident S&E doctorate recipients who reported earning college
FUHGLW IURP D FRPPXQLW\ RU \HDU FROOHJH E\ HWKQLFLW\ DQG UL

(Number)
Earned college credit from a community or 2-year college
Ethnicity and race All
Yes No Yes (%)
All ethnicities and races 113,942 21,185 92,757 18.6
Hispanic or Latino 7,142 1,640 5,502 23.0
Not Hispanic or Latino
American Indian or Alaska Native 335 117 218 34.9
Asian 11,671 1,498 10,173 12.8
Black or African American 6,067 1,132 4,935 18.7
White 83,965 15,785 68,180 18.8
More than one race 3,035 657 2,378 21.6
Other race or race not reported 857 191 666 22.3
Ethnicity not reported 870 165 705 19.0
Note(s)
Includes only respondents to the community college question. Reporting categories for ethnicity and race were expanded in 2013;

comparisons with data before 2013 should be made with caution.

Source(s)
National Science Foundation, National Center for Science and Engineering Statistics, special tabulations (2016), 2015 Survey of Earned
Doctorates (SED).
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JHPDOH 6 ( EDFKHORU V DQG PDVWHU V GHJUHH UHFLSLHQWY ZHUH PRUH OLNHO\ WK
( Table 2-6). Attendance levels as measured by the proportion who took courses at a community college were highest among
U.S. citizens, followed by permanent visa holders, and were much lower among temporary visa holders. Among racial and
ethnic groups, attendance levels were highest among Hispanics and lowest among Asians. Attendance fell with rising parental
education level, illustrating the special access function of these institutions.

Recent S&E graduates (1.3 million) who took courses in community colleges (nearly 600,000) report doing so at different
points in their educational careers. Nearly half of them reported doing so after high school but before enrolling in a 4-year
FROOHJH RU XQLYHUVLW\ RU ZKLOH HQUROOHG LQ FROOHJH EXW EHIRUH UHFHLYLQJ D
community college as a bridge between high school and college enrollment. One in five attended a community college after
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UHFHLYLQJ WKHLU ILUVW EDFKHORU V GHJUHH 2QH LQ UHSRUWHG WDNLQJ FRXUVHYV
ZLWKRXW UHFHLYLQJ WKHLU fLUVW EDFKHORU V GHJUHH

Recent S&E graduates took courses at community colleges for various reasons. The most prevalent reason was to earn

FUHGLWYV WRZDUG D EDFKHORU V GHJUHH IROORZHG E\ SUHSDUDWLRQ IRU FROOH
institution (17%), for financial reasons (14%), and to earn college credits while still attending high school (13%). Other reasons
PHQWLRQHG LQFOXGHG WR FRPSOHWH DQ DVVRFLDWH V GHJUHH WR JDLQ IXUWKH!

occupational fields (6%); to facilitate a change in their academic or occupational fields (5%); for leisure or personal interest

(4%); to increase opportunities for promotion, advancement, or higher salary (3%); and for other reasons (4%). Sl
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Recent recipients of S&E degrees who attended community college, by sex, race and ethnicity,
citizenship status, and parents' education level: 2015

(Number and percent)

Characteristic Number Percent
All recent S&E degree recipients who attended community college 1,262,000 a7
Degree level b b
Bachelor's 983,000 52
ODVWHU V 279,000 36
Sex
Female 657,000 50
Male 604,000 44

Race or ethnicity

American Indian or Alaska Native 2,000 33
Asian 141,000 28
Black or African American 129,000 56
Hispanic or Latino 2 231,000 64
Native Hawaiian or Other Pacific Islander 2,000 50
White 708,000 48
More than one race 49,000 62

Citizenship status

U.S. citizen 1,214,000 53
Permanent visa 33,000 38
Temporary visa 15,000 5

J)DWKHU V HGXFDWLRQ

Less than high school 114,000 59
High school diploma or equivalent 265,000 53
Some college, vocational, or trade school 298,000 56

%DFKHORU V 277,000 39
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