DOCUMENT RESUME

ED 316 444 SE 051 280

TITLE Suience & Engineering Indicators~~1989.

INSTITUTION National Science Foundation, wWashington, D.C.
National Science Board.

REPORT NO NSB=89=1

PUB DATE 89

NOTE 455p.

AVAILABLE FROM Superintendent of Docunments, U.S. Sovernment Printing
Office, Washington, DC 20402 (Stock
Number=-=-038-000~00583~9) .

PUB TYPE Statistical Data (110)
EDRS PRICE MFO1/PCl9 Plus Postage.
WESCRIPTORS Attitudes; Educational Needs; *Educational Trends;

Elementary Secondary Education; =*Engineering;
Engineering Education; =*Higher Education;
International Trade; Labor Force; Mathematics
Education; =*Research and Development; Science
Education; Sciences; Scientific Literacy:;
xStatistical Data; =*Technology

IDENTIFIERS xScience Indicators

ABSTRACT

This volume is the ninth in the biennial "Science
Indicators" series initiated by the National Science Board. The
series provides a broad base of quantitative information about the
structure and function of United States science and technology and
comparisons with other advanced industrial countries. An overview of
science and technology for the Uni »d Statzs of America is provided.
Chapters included are: (1) "Precol.ege Science and Mathematics
Education"; (2) "Higher Education for Science and Engineering®; (3)
"Science and Engineering Workrorce"; (4) "rFinancial Resources for
Research and NDevslopment"; (5) "Academic Research and Development:
Support, Personal, Qutputs"; (6) "Industrial R & D and Technology";
(7) "The Global Markets for U.S. Technology"; and (8) "Public Science
Literacy and Attitudes Toward Science and Technology." (YE)

LA R RS A AR EEEESEEEEERE RS SRR RS SRR REEEE LR AR R R RNl R R RSN RS T

* Reproductions supplied by EDRS are the best that can be nade *

* from th: original document. *
I X R R AR R AR SRR R R AR R R R R AR R AR TR RS R R EEE SN RS EEIEE S AT EEE R X 8 8

o
Lo
vam
Pl
NS
SRyt
N
s,
Lol
o
v

I I U R A
P EORE g gt

R

T A R

Ty

i
vy
:

:

X




i 5.8
BN ot A s e A o .

LRI v gl st A . . e

? BETE i . ., e Mg AR oo ST e 3N B

FIRLEEA L e s i s o b b A 2 s SRR

U.8. DEPARTMENT OF EDUCATION
Office of Educational Ressarch and improvament °
EDUCAYIONAL RESOURCES INFORMATION -
CENTER (ERIC) :
This document has been reproduced as
received from the person or GIganization
originating it

[ Minot changes have besn made (o mprove .pmmmme %7 ]
reproduction gualty. :

® Pointaotviow of opinions ataledinthisdocy:
ment do not necessarnly represant afticial
OERI potition ot policy.

o—

R TO THE EDUCATIONAL RESOURCES
gl INFORMATION CENTER (ERIC)."

E ' R Ty R T R R O o I e N L, P A
R c'i B
- ©

. .

.

. N . * l



R :'.~'_~"'—._.-"-5‘_ _:'_;__:__;’_b _,'.."-v"_l _:‘:_ o .:T.; ,.'3.'-"l':’-'
e St SR LR

MARY L. GOOD, (Chairman) Senior Vice President, Tech-
nology, Aliied-Signal Corporation

THOMAS B. DAY, (Vice Chairman) P'resident,San Diego
State University

PERRY L. ADKISSON, Chanellor, The Texas A&M Uni-
versity System

ANNELISE G. ANDERSCA, Senior Research Fellow, The
Hoover Institution

WARREN . BAKER, President, California Polytechnic
State University, San Luis Obispo

ARDEN BEMENT, Vice President, Technical Resources,
TRW Inc.

CRAIGC. BLACK, Director, Los Angeles County Museum
of Natural History

ERICH BLOCH, (Ex Officio), Director, National Science
Foundation

D. ALLAN BROMLEY, Director, Wright Nuclear Struc-
ture Laboratory, Yale University

FREDERICK P. BROOKS, JR., Kenan Professor of Con. .
puter Science, University of North Carolina

RITA R. COLWELL, Director, Maryland Biotechnology
Institute and Professor of Microbiology, University
of Maryland

NATIONAL SCIENCE BOARD

BT L o B U R IR SR oo L
T S B IS L e, s e R e A SR
R PRI TR R RS g

F. ALBERT COTTON, W.T. Doherty-Welch Foundation
Distinguished Professor of Chemistry and Director,
Laboratory for Molecular Structure and Bonding,
Texas A&M Universit

DANIEL C. DRUCKER, graduate Research Professor,
Department of Aerospace Engineering, Mechanics
and Engineering Science, University of Florida

JAMES ). DUDERSTADT, President—Designate, The
University of Michigan

JOHN C. HANCOCK, Executive Vice President, Corpor-
ate Development and Technology, United Telecom-
munications, Inc.

JAMES B. HOLDERMAN, President, University of South
Carolina

CHARLESL. HOSLER, Senior Vice President for Research
and Dean of Graduate School, The Pennsylvania
State Universi

K. JUNE LINDSTEDT-SIVA, Manager, Environmental
Sciences, Atlantic Richfield Company

KENNETH L. NORDTVEDT, JR., Professor of Physics,
Montana State University

JAMES L. POWELL, President, Reed College

FRANK H.T. RHODES, President, Cornell University

ROLAND W. SCHMITT, President, Rensselaer Polytech-
nic Institute

HOWARD A. SCHNEIDERMAN, Senior Vice President
for Research and Development and Chief Scientist,
Monsanto Company

THOMAS UBOIS, Executive Officer

National Science Board Subcommittee o
Science and Engineering Indicators—1989

K. June Lindstedt-Siva, Chairman, Manager,

Company
James L. Powell, President, Reed College

Environmental Sciences, Atlantic Richfield




SCIENCE &
ENGINEERING
INDICATORS - 1989




N ,.:1'-

Cover Illustration

The illustration was supplied by Professor John H.
Woodhouse, Department of Earth and Planetary Sciences,
Harvard University. It depicts a section into the Earth
showing a composite image synthesized from seismic
tomographic mapping. Results from seismic tomography
arebeing u ied to answer fundamental questions about the
evolution and present-day dynamics of the Earth.

Lower than average velocities, which are indicative of
elevated temperatures, are shown in orange; high velo-
cities are shown in blue.

Details of the models and methodologies are available
in Woodhouse and Dziewonski 1984 (Journal of Geophysical
Research 89: 5953); Dziewonski 1984 (Ibid., p. 5929); Wood-
house, et al., 1986 (Journal of Geophysical Research Letters 13
1549); and Morelli, et al., 1986 (Ibid., p. 1545).

Recommended Citation

National Science Board, Science & Engineering Indica-
tors—1989. Washington, DC: U.S. Government Printing
Office, 1989. (NSB 89-1)

For sale by the Superintendent of Documents, U.S. Government Printing Office, Washington, D.C. 20402

Stock Number 038-000-00583-¢

5

R
R 1Y

Fawn o L



Letter of Transmittal

December 1, 1989
My Dear Mr. President:

In accordance with Sec. 4(j)(1) of the National Science Foundation Act of 1950, as
amended, it is my honor to transmit to you, and through you to the Congress, the ninth
in the series of biennial Science Indicators reports—Science & Engineering Indicators——1989.

These reports are designed to provide a broad base of quantitative information about
U.S. science and engineering research and education and U.S. technology in : global
context to be used by public and private pulicymakers in their decisions about these
activities.

The data and analyses in this volume are especially important as our Nation seeks to
define its priorities and programsin this era of rapid global economic, political, and social
change. The key role of science and technology in achieving our national objectives is
recognized by Government and industry, and is reflected in their support of this function.

This report follows its predecessors in providing basic information on U.S. and foreign:

® Research and development efforis, si. pport, and performance;

® School science and mathematics education;

® Higher education for science and engineering;

¢ The science and engineering workforce;

® Technological innovation and high-technology trade; and

® Public science literacy and attitudes toward science and technology.

New features in this volume include materials on high schoul course-taking in science
and mathematics, state support for R&D, “modeling’’ +ae science and engineering labor
market, comparisons of U.S. and Japanese patenting in the United States, a “global”
approach to analysis of data on production and trade in high-tech goods, and com-
parisons of U.S. and British public attitudes toward science and technologv.

I join my colleagues on the National Science Board in expressing the hope that this
report will be useful to your Administration, the Congress, and those concerned with
formulating and analyzing science and technology policy.

Respectfully yours,

Hoe, o G

Mary LVGood
Chairman, National Science Board

The Honorable

The President of the United States
The White House

Washington, D.C. 20500
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Introduction

This volume is the ninth in the biennial Science Irdicators
-+ series (dnd the second entitled Science & Engineering In-
i+ dicators) initiated by the National Science Board (NSB) in
-1972. The series provides a broad base of quantiative
information about the structure and function of 1J.S,
-scienceand technology (S&T) and comparisons with other
~advanced industrial countries. It is designed to both in-
...~ form national policymakers who allocate resources to
“. . these activities and serve as an information resource to the
. S&T community at large.

The Basic Question of Science and Technology Policy

In this era of rapid globzl change, the Nation’s key S&T
policy concern is to identify the ki1 ds, levels, and em-
phases of the national effort in science and engineering
research and development (R&D) and education in order
to:

¢ Produce sustained advances across a brcad front in
the understanding of natural and social phenomena
(basic research);

¢ Foster vigorous inventiveactivity to produce continu-
ing technological progress (applied research and de-
velopment);

¢ Combine understanding and invention in the form of
socially useful and cost-effective products, processes,
and services (innovation); and

® Ensure an adequate supply of highly trained and
talented scientists and engineers to meet the Nation’s
needs.

Creating Science and Technology Indicators

The science, engincering, and technology system is less
easy to measure than other major functional areas of our
society such as health, agriculture, or the economy. This is
due in good part to the nature of its primary output-—
knowledge and ideas. People create, communicate, and
carry ideas; dollars support people. We can and do track
people and dollars. But we still are unsophisticated in our
attempts to measure either science as a body of ideas or its
connections with the social and economic order. Thus, our
indicators rema..—for now—Ilargely measures of aspects
of science and engineering as sets of activities, rather than
: as particular bodies of knowledge.

The elements of the science, engineering, and technol-
=, ogy system in the U.S. can be specified as:

® The human resources, including working scientists and
& engineers and their technical support and technical
. managers and entrepreneurs;

® The various organizati..... settings for conducting
R&D and technical education;

5
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¢ The substantive findings, research methods, and theories
embodied—in large part~in science and engineering
literatures;

¢ The physical infrastructure, including research and
teaching facilities and instrumentation with the most
advanced capabilities;

* The necessary financial support for all of these ele-
ments; and

¢ Acultural,economic,and legal context that is supportive
of these efforts.

While easy to specify in principle, describing each ele-
ment and subelement in the system involves many prob-
lematic research issues. For example, what operational
definitions should be used fer counting scientists and
engineers? Should it be their formal degrees? Their past
work experience? Their current work activity? And, if all
three, in what combination? In what sense do the data on
U.S. patents awarded reflect rates of technical innovation?
Does the dramatic increase in coauthorship of scientific
publications reflect real change in the conduct of research?

Even more difficult are the proclems of tracking and
analyzing the interactions among these imperfectly mea-
sured elements—the dynamics of the system.

Continuing investigation into these questions is a sine
qua non of improved indicators, and the National Science
Foundation (NSF) does provide modest funds for extra-
mural studies in this area. (See the Science Indicators
Group Program Announcement, available upon request.)
Descriptions of NSF-supported projects currently under
way are available in Project Summaries: FY 1987 (NSF 87-
315). '

About half of the quantitative information in this vol-
ume is generated by the national surveys. and studies
conducted on a continuing basis by NSF’s Division of
Science Resources Studies (SRS). The Division’s Publica-
tions List: 1978-1988 (NSF 88-335) details these studies; it
also explains how to obtain detailed statistical tables from
the various surveys (on computer diskettes), and data sets
from the SRS Electronic Bulletin Board. Additionally, the
Publications List references extramural publications deriv-
ing from SRS-supported studies. For further information,
call (202) 634-4634.

This volume also contains considerable information ob-
tained from outside NSF. The original sources are noted
throughout the text and tables. In the case of analyses
specially commissioned for this volume, the Science In-
dicators Group staff can provide further information. Call
(202) 634-4682.

What Is New in This Volume?

Following the extensive structural changes in Sci¢ence &
Engincering Indicators—1987, the approach in the present

13
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volume has been to consolidate &nd refine those changes.
However, a number of new features are also incorporated.

* A major new study of high school transcripts is an-
alyzed inthe precollege education chapter (chapter 1),

® For the first time, data about colleges and universities
are broken out by the Carnegie categories of institu-
tions in the chapter on higher edu-ation (chapter 2).

¢ Anew “stock-flow” model for analyzing the dynam-
ics of the science and engineering labor market is
presented in the chapter on the workforce (chapter 3).

® The chapter on financial support for R&D includes a
new section on state support for R&D (chapter 4).

® A new treatment of industrial support of academic
R&D is included in the chapter on academic R&D, as
is new bibliometric information on the growth of
coauthorships of scientific papers (chapter 5).

® New comparisons of patterns of Japanese and U.S.
patenting in the U.S. are presented in the chapter on
industrial R&D (chapter 6).

® Thetitle of the international chapter has been changed
to “The Global Markets for U.S. Technology,” reflect-
ing a new approach to the area which includes U.S.
internal markets for high-tech goods as an integral
part of the analysis (chapter 7).

® The move toward international comparative mater-
ials on public attitudes towards science and technol-

ogy, initiated in the 1987 Indicators, is continued in the
present volume with comparative data from a parallel
British survey (chapier 8).

Additionally, we have incorporated several new presen-
tation techniques for enhanced readability and reader ac-
cessibility. These include ‘‘sidebar” stories accompanying
the main text, changed Highlights formats, chapter-spe-
cific tables of contents, and a list of acron'ms (appendix
11D,

Organizational Responsibilities

This volume is a collaborative effort, as can be seen in
the acknowledgments below and in appendix II. The over-
all responsibility for the report derives from the statutory
charge to the National Science Board [Sec. 4(j)(1) of the
National Science Foundation Act of 1950, as amended]. A
special committee of NSB members provided oversight
and guidance to the staff of the Science Indicators Group
of the Special Analytical Studies Section of the Division of
Science Resources Studies, who worked exclusively on the
reportand related research. Other members of SRS, as well
as staff from other NSF Directorates, aided in manuscript
preparation. Numerous external expert reviewers and
users helped to shape and sharpen the indicators. Overall
staff responsibility for the report was assumed by NSF's
Directorate for Scientific, Technological, and International
Affairs.
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Overview of U.S. Science and Technology

SYNOPSIS

The decude-long (1975-85) uninterrupted expansion of
sufpport for U.S. science and technology (S&T) has leveled
off in recent years (1985-89). With some important excep-
tions, most indicators of U.S. S&T show significant slow-
downs and downturns. For example:

o Growth rates have slowed in both resezrch and de-
velopment (R&D) funding and science and engineer-
ing (S/E) personnel.

® While the U.S. still spends more on R&D than the next

four industrialized countries combined, some inter-

national competitors (e.g., Japan and West Germany)

have drawn ahead of the U.S. ir: terms of R&D expen-

?ét;\}re)s as a perceatage of gross national product
P).

® In several areas, U.S. producers of high-tech goods
have lost significant global market shares.

¢ National and international indicators of U.S. school
mathematics and science performance show little im-
provement, despite continuing major reform efforts.

e U.S. university and college freshmen show a down-
ward trend in their choice of undergraduate majors in
some S/E fields. Although undergraduate S/E de-
grees awarded have remained at about 30 percent of
allbachelor’s degrees awarded for the past 3 years, the
freshman shift away from S/E majors portends re-
duced S/E degrees in coming years.

® Increases in graduate S/E enrollments (in doctorate-
granting universities) slowed from an average annual
rate of 2 percent from 1980 to 1987 to a 1-percent
increase from 1987 to 1988.

¢ Foreign students continued i increase (and U.S. citi-
zens to decrease) their share of graduate S/E enroll-
ments and S/E Ph.D. degrees granted by U.S. univer-
sities in all broad S/E fields except psychology.

® One area of continuing growth (albeit at a slightly
slower rate than that of the past decade) is support for
basic research and R&D in universities and colleges.
This support has no doubt assisted the U.S. in main-
taining its share of world scientific and technical liter-
ature.

Support for U.S. Ré&D continues to grow in constant-do!-

lar terms, but at a much slower rate than has been the case
for the previous decade and a half. Although total R&D
expenditures grew at an annual rate of almost 6 percent
from 19/5 to 1985, the rate of growth for 1986 to 1989 is
estimated at about 2 percent per annum.

The slower pace of U.S. R&D growth in recent years is
also reflected in a U.S. lag of 3 consecutive years behind
Japanese and West German R&D expenditures as a per-
centage of GNP.

The recent slowdown in funding growth is most dra- i

matic for the development and applied research com-

ponents of R&D (1-percent estimated annual growth rate
from 1986 to 1989); basic research expenditures slowed ::

only slightly to an estimated annual growth rate of 3 7 .
percent (in constant dollars). These trends are largely due - .

to two sets of policy decisions. First, Federal S&T policy
has moved toward reducing the rate of increase indefense -
R&D spending and toward maintaining growth in basic >

research and academic R&D. And in the industrial sector, ..
corporate R&D decisionmakers have slowed their rate of

growth in company funding of R&D.

While the US. continues to be the world’s foremost
supplier of high-tech products, its lead is shrinking. The
U.S. share of global markets for high-tech goods, which
declined during the 1970s and then recovered in the first
half of the 1980s, showed renewed weakness in the latest

period measured (1985-86). During this period, U.S. pro- - =~

ducers lost both domestic and foreign market shares.
However, the U.S. trade balance in high-tech goods
showed a slight upturn back into a positive balance in
1987; this followed a 7-year period of decline and a first-
ever deficit in 1986. In terms of innovation, U.S. patent
applications and awards—both indicators of a country’s
S&T innovation—have increased in the recent period, but
not as rapidly as foreign patenting in the United States.

Since measurements began in 1957, the U.S. public has
exhibited strong positive beliefs about the beneficial con-
tributions of science and technology to society. Data from
a 1988 survey of public attitudes toward S&T showed a
reaffirmation of public confidence in the societal benefits
of S&T. Previously, such confidence had wavered some-
what, as detected in two surveys conducted after the Na-
tional Aeronautics and Space Administration space shut-
tle accident in January of 1986 and the Chernobyl nuclear
plant accident the following May.
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- have now excee..:d the US. on t

U.S. R&D INVESTMENTS IN A WORLD CONTEXT
In the world context, the United States spencis more on

=7 R&D than the next four largest countries—Japan, West
= Germany, France, and the United Kingdom—co1nhined.
% Overthe past decade, the U.S. has more or less maint *ined
“* its share of the combined R&D budgets of the five coun-
..& tries: 56 percent in 1975 versus 54 percent in 1986. This
+» share was significantly reduced from the 68-percent share

" the US. enjoyed in 1986. (See figure O-1.)
= Despite the differences in total expenditures,in 1987, the
.. major noncommunist industrialized countries each in-

.+ vested approximately the same percentage of their GNPs

in R&D. (See figure O-2)) Both Jaﬁan and West Germany
)_ is indicator for 3 years
(1985-87).

T Fgueod. .
- R&D expenditures, by country
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" See appendix table 4-19.and p. 96,
2 sl . Solgnee & Enginesring Indicators—1988

The nature of R&D investments has an important bear-
ing on their economic contributions. If only nondefense
R&D is considered, Japan and West Germany have been
ahead of the U.S. for nearly two decades; additionally,
their rate of civilian R&D investment as a percentage of

Figure O-2.
R&D expenditures as a percentage of G IP, by
country

{Parcant)
a3

28

Wast Germany

United Kingdom

France

18
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Note: Data for soma years are estimated.
See appendix table 4-18 and p. 96.
Science & Engineering Indicators—1988

GNP has beenrising faster than that of the U.S. since 1981,
(See figure O-3.) U.S. investment in nondefense R&D as a
percentage of GNP has declined for at least 2 years.

The overall rate of increase of U.S. R&D expenditures
has slowed considerably in recent years. While total na-
tional expenditures for R&D grew at an annual rate of
almost 6 percent from 1975 to 1985 (in constant dollars),
the rate of growth for the most recent period (1986-89) is
estimated at only about 2 percent annually. The rapid rate
of increase of development funding in the early 1980s has
shrunk to an estimated annual rate of less than 1 percent
in 1989. On the other hand, fundin, for basic research has
continued to grow at only slightly less thanits 1975-85 rate.
(See figure O-4 and appendix table 4-5.)
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Changing growth rates in U.S. R&D expenditures are
also evident ir figure O-5, which displays defense and
nondefense R&D by character of work. The massive in-
crease in defense development expenditures from 1980 to
1985 was reduced to a very small growth rate by 1989. In
civilian R&D, basic research maintained a significant
growth rate in both periods, while civilian applied re-
search and development expenditures remained approx-
imately constant from 1986 to 1989 after suffering large
cuts between 1980 and 1985.

" Nondefense R&D as a percentage of GNP, by

.0'/\/

ey -
7 ,»' WestGermany

1 ! 1 L ") A

1883 1985 1887

i _Ng!?;b'a"_i;i‘fo?ié‘m’é'i'eat‘s are estimated.
i Seeappandix takle4-20 and p. 96, ,
Do L T Soience & Enginesring Indicators-—1958

Figure O-4.
U.S. R&D expenditures, by characier of work; 1960-89

{Milllons of dollars)

90,000
== Current dollars
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Note: Ses footnotes, appendix table 4-3.
Sso appendix tables 4-3, 4-4, and 4-5; and p. 89.
Sclance & Enginsering indicators—=1989

HUMAN RESOURCES

International Comparisons

Recent years (1984-86) have seen a slowing in the rate of
growth of U.S, scientists and engineers ~ngaged in R&D
per 10,000 workers in the labor force. Atter two decades of
rapid growth, Japan has now caught up with—and, infact,
slightly exceeds—the U.S. on this indicator. Japan has 67
researchers per 10,000, compared with 66 for the United
States. France and West Germany continue to increase at
about the same rate as the U.S., while in the United King-
dom, the growth of researchers in the labor force has
remained flat since 1981. (See figure O-6.)
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Closely paralleling the international comparative data
on R&D funding, the US. in 1986 awarded more first
academic degrees in natural science and engineering
(NS/E) than the next four largest noncommunist countries
combined-—about 214,000 persons versus about 175,000,
respectively. (See appendix table 3-18.) The five countries
also vary considerably in the proportion of fir«t academic
degrees that are in NS/E fields, as well as in the relative
proportions of natural science to engineering degrees. (See
figure O-7.) The U.S. and Japan have the smallest propor-
tions of all first university degrees in NS/E fields—20
percent and 26 percent, respectively—while France and
the United Kingdom have the highest proportions (47

rcent and 40 percent, respectively). Among the NS/E

ields in Japan and France, first engineering degrees out-
number natural science degrees—in Japan, by a factor of
four to one. In 1986, Japan—which has half the population
of the U.S.—graduated about 73,000 engineers, a number
almost equal to U.S. engineering degrees awarded in that
Ear (77,000). In contrast, in both the U.S. and the United
ingdom, natural science degrees outnumber engineering
degrees by nearly two to one.

SRR P IR %
“(Billons of consfant 1982 dollars) T . T |

" - Sclence & Engineering In"cators—1989

Fl'gure 06 ' o - -
Scientists and enginsers engaged in R&D per 10,000
labor force, by country e
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Ses appendix table 3-19 and p. 76.
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Private Sector Employment of U.S. Scientists .
and Engineers

Figure O-7.
Between 1977 and 1988, S/E employment in the private Flgst university degrees, by field and country: 1986
sector e¥panded at more than twice the rate of total em- :
- ployment. (Parcent of all degreos)
This trend encompassed major changes in the occupa- a0

tional and industrial mix of S/E employment. For ex-

ample, 5/E employment in services-producing industries

grew 103 percent over the period, compared to a 38-per-

cent growth in total services employment. (See figure O-8.)

L S/E employment growth in the goods-producing sector

stemmed from an increased share of a declining total in
ki manufacturing jobs.

The expansion of the services-producing industries has

been a key factor in the extraordinarily rapid growth of

computer specialists between 1980 and 1988. (See figure

=W Natural sclences Engineering

Seaappondixtable 3-18andp.82. o i
Sclance & Enginsering Indicators—1983 ‘
Figure Q-8.
Index of S/E and total employment growth In private Industry, by sector of employment: 1977-88 "
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Sew appendix table 3-1 and pp. 63-65. Sclence & Engineering Indicators—1989
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Women in S/E

Women scientists and engineers represented about 13
percent of the S/E workforce in 1986, up from 11 percent
in 1980. (See figure O-10.) By field, women accounted for
a much larger share of employment among scientists than
among engineers—26 percent versus 4 percent. Between
1980 and 1986, women experienced small percentage
losses in the mathematics and environmental sciences, but
achieved sizeable gains in the physical and life sciences.
Small percentage gains were made in all engineering sub-
fields.

"

Precollege Science and Mathematics Education

U.S. school childrer continue to perform below the lev-
els obtained by their age groups in other countries on
science and mathematics achievement tests. In a 1988 ia-
ternational mathematics and science assessment of 13-
year-olds in five countries and several Canadian previn-
ces, U.S, children scored lowest of all the populaticns in
mathematics and below the mean in science. (See figure
0'110)

Figure O-10. .
Women as a pereentago of sclemlsts and englneers
employed in_S/E jobs, by field: 1980 and 1985
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Figure 0-11.
Averaga scores in science andmathamatlcs achlevement tests for age 13, by selected countries: 1988
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There are signs, however, that the two-decade-long de-
cline in mathematics and science achievement test scores
of U.S, children may be turning around. Slight improve-
ments in science and mathematics achievement trends
were detected in the 1986/87 National Assessment of Ed-
ucational Progress studies. (See figures O-12 and O-13.)
Trends for 9-, 13-, and 17-year-olds across five national
assessments in science since 1970, and four in mathematics
since 1973, reveal a pattern of initial declines followed by
subsequent recovery in all three age groups. In mathe-
matics, 9- and 13-year-olds scored slightly higher in 1986
than in 1973, Scores for 17-yea-old students, however,
showed small declines. In scieace, the recent improve-
ments have not yet brought scores up to their 1969 levels
in any age group.

FigweO 14 . R
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Higher Education

The interest of U.S. university and college freshmen in
K computing and engineering majors continues to decline.
(See figure O-14.) However, a small increase in interest in
a biological science major is apparent in the latest data, as
well as renewed interest in the social sciences. Business,
o education, and the arts and humanities all register gains in
student interest as evinced by choice of major.
i While S/E degrees have remained about 30 percent of
= all bachelor’s degrees in recent years, the downturn in
freshman choice of S/E majors portendsareductionin S/E
degrees in coming years. (See appendix tables 2-11 and
2-12) Despite an increase in freshman engineering enroll-
ments in 1988, decreases in engineering baccalaureates
should continue for several years due to declining enroll-
ments from 1983 to 1987. (See arvendix table 2-5.)
Atthe graduatelevel, overall ez ‘ollments inscience and
engineering programs increased by 1 percent in 1988 over
1987, a significant drop from the 1980-87 trend of an aver-
age annual 2-percent increase. (See figure O-15.) Engineer-
ing, computer science, and environmental science enroll-
ments show the most dramatic declines. However, several
science fields experienced increased rates of enrollment.
These included the life and social sciences, psychology,
and mathematics.

Figure O-15,
Change in graduate enroliments, by fleld

Figure O-16.
Foreign enroliment in S/E graduate programs: .
1980-88 -
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Growth in graduate S/E enrollments—albeit slowed—
continues to be fueled by registrations of non-U.S. citizens.
In doctorate-granting institutions, registration in graduate
S/E programs of non-U.S. citizens accounted for the entire
growth in total enrollments from 1987 to 1988. (See appen-
dix table 2-8.) Non-U.S, citizens on temporary visas make
up more than athird of S/E graduate students in engineer-
ing, mathematics, computer science, and the physical sci-
ences. (See figure O-16.)

KNOWLEDGE CREATION AND APPLICATION

One measure of the relative strength of U.S. scientific
research is the share of articles written by U.S. authors in
the world’s leading S/E journals. From 1973 to 1986, the
U.S. more or less maintained its share of a little over
one-third of world articles in most fields. Erosion of the
U.S. share occurred in biology and mathematics—each of
which lost 8 percentage points of its world share during
this period. (See text table O-1.)

The data on international coauthorship of scientific ar-
ticles suggest an increasing internationalization of scien-
tific research. In the 1976-86 decade, most of the major
countries studied virtually doubled the percentage of their
papers coauthored with foreigners. (See figure O-17.)
About 10 percent of all U.S. papers were coauthored with
one or more foreign authors in 1986, as compar=d with
about 6 percent in 1976. Western European countries
ranged from 15 percent to 20 percent; Japan and the USSR
had the lowest rates of foreign coauthorship.

Figure O-17.
lnternatlonauy coauthomd articles, by country: 1976
and 1936
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See appendlx table 5-28andp. 121.
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U.S. inventors areincreasing their numbers of successful

3 patent applicationsin the U.S,, but foreigners are acquiring Figure 0-19.
US. patents at a significantly faster rate than are U.S. Change In U.S. R&D expenditures, by performer:
5 applicants. From application date 1970 to 1983, the annual 1981-85 and 1985-89 _ :
number of U.S. patents granted to U.S. inventors fell from a S
5 about 46,000 to 34,000, but has risen to about 45,000 in 1988. {Average annual
s (See appendix table 6-6.) However, the proportion percantage change) ‘
awarded to foreigners of all successful patent applications 8
- rose from 30 percent in 1970 to nearly half (48.5 percent) in [ 100165
1987. Japanese inventors were by far the most active in UsS.
increasing their U.S. patenting,. (See figuie O-18.) . Government [] 19858
B . Total Industry
CIT I -
- = RESEARCH AND DEVELOPMENT | WL : Universiies i

The relative magnitudes of the various R&D-perform- . i ,‘%
ing sectors in the U.S. have stayed fairly constant over the oo B Nonprofits
decades, with some slight fluctuations. Industry has per- ' :
formed around three-yuarters of all R&D, Federal labor- g Frhocs
atories and academic institutions around 10 percent each, ¢
and other entities around 5 percent. (See appendix table
4-2.) The very rapid growth of R&D in industry and gov-
ernment during the early 1980s has been replaced by
growth rates of less than 2 percent in the late 1980s. Only
the academic sector shows a higher rate of R&D growth in -
the late 1980s than in the earlier part of the decade. (See :

figure O-19.)
- -Figure 0-20, . '
. Source of acadsmic R&D funding, by sector:. 1969-89 . J
~ {Percent of funding) ' . :
80 0
0t Covarorant ‘ (9]
FFRDCs = Federally ftunded ressarch and development cénters. ..,
60 Note: Some data aro estimated. - UL T D
See appendix table 4-2 and p. 87. oo
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Academic The continuing growth of academic R&D is being
0F Institutions_, . .. achieved (in some measure) with increasing support from
.......... ocal non-Federal sources. (See figure O-20.) Institutional and
Ob e S;g‘vgg,",;’,egf: ) industrial sources of support show a slow—but consis-
- ndusty o T tent—pattern of increased R&D funding over the past two
e e B decades, with quickening support in the 1980s. All fields
0196 S E— E—— I EE— of academic R&D have shared in this growth, but to dif-
871 73 175 '77 78 '8t 63 ‘85 ‘67 ‘89 fering degrees. (See figure O-21.) The most rapid rate of
Note: Data for 1988 and 1969 are estimates. expansion of academic R&D expenditures has taken place
See appendix table 5-2 and p. 108, in computer science, enginecring, and the mathematical
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nainoer sciences, but the medical and 1 iological sciences continue

to lead in absolute expenditures.
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SCIENCE AND TECHNOLOGY IN
THE MARKETPLACE

U.S. High-Technology Performance in Global Markets

From 1970 to 1986, U.S. producers of high-tech goods
decreased their share of global markets for such goods
from about 50 percent to 40 percent. (See figure O-22.)

. However, almost all of this loss was due to a reduced share

of domestic U.S. markets for high-tech goods. The share of
world ncn-U.S. markets for U.S. high-technology produ-
cers actually increased slightly during the period.

B
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Figure O-22.
U.S. share of high-tech markets
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U.S. producers of high-tech goods export about three
times the percentage of their total shipments as compared
with producers of non-high-tech manufactured products.
(See figure O-23.) There has been little change over the past
decade in the areas of high-technology where U.S. pro-
ducers aremost active in exporting. Aircraft and partsand
office and computing machines remain the most export-
intensive industries, and drugs and medicines, plastic ma-
teri?ls and synthetics, and guided missiles and spacecraft
the least.

Science and Technology in U.S. Industry

Thelatest estimates of U.S. industrial R&D activity show
a flattening rate of increase of R&D expenditures after
1985. The previous decade (1975-85) saw continuous
growth of industrial R&D from both corporateand Federal
sources. (See figure O-24.) There was virtually no real
growth in Federal funds for industrial R&D from 1985 to
1986. Company funds for R&D have continued to grow,
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-~ Figure 0-23.

- Exports of high-tech products as a percentage of shipments: 1986
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See appendix table 7-9 and p. 153.

but at a much slower rate than during the decade before
1985,

During the 1975-85 decade, high-tech industries exhibi-
ted the bulk of the rapid growth in corporate R&D. Es-
timates for 1986 (the latest year for which industrial R&D
data are available by industry) show a downturn in R&D
expenditures (in constant 1982 dollars) in the high-tech
manufacturing industries. (See figure O-25.) This trend
may be slightly exaggerated—as may be the opposite up-
ward trend in R&D expenditures among “other manufac-
turing industries”—by changes in the classification of cer-
tain major companies. But the principal finding of a

14
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slowdown in R&D expenditures among high-tech man-
ufacturing companies is not in dispute.

Through 1987, industry continued to increase its sup-
port of R&D in universities. (See figure O-20.) In that year,
industry supplied a record high of 64 percent of total
academic R&D funds. The continuing interest of corpora-
tions in university research is also reflected in the in-
creased rate at which industrial and academic scientists
and engineers collaborate in authoring scientific papers.
(See figure O-26.) The percentage of all industrially au-
thored papers which are coauthored with academic re-
searchers almost doubled between 1976 and 1986 (15 per-
cent and 28 percent, respectively).
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'Figure 0-24 R Figure O-25.
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PUBLIC ATTITUDES TOWARD SCIENCE
AND TECHNOLOGY

Over the decades, the U.S. public has held a remarkably
stable and optimistic view of the contributions of science
to society. This stability persists even in the face of major
technological accidents. Figure O-27 shows the changes in
U.S. public opinion as reflected in surveys before and after
the Challenger and Chernobyl accidents.

A fall 1965 survey showed ''ie traditional finding that
about three-quarters of the U.S. public believe that, on
balance, the benefits of scientific research outweigh the
harms to society. In addition, as in previous surveys, those
who believe that the benefits “‘strongly” outweigh the
harms outnumber those who believe that the benefits
“only slightly” outweigh the harms by a margin of two to
one.

i Figwe 027,

Bellefs about beneficial versus harmful effects of
sclentific research: 188588 .-~ " 0

| oates of surveys
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1 } 1 ) i . 1 | ] 1 L 1
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7 alin s o sy v parmi resute
. "Would you uythat.or oalanet, the benetits of sclentific research have
" outwelghed the harmful results, or have the harmful results been greater
* - than the benefits ?"-"Wouid you say that the balance has been strongly in
- favor of veneficial results, or only slighty?" -
-Note: The same perscns ware interviewed In the 1985 and 1686 surveys.
Seo appendix table 8-17 and p. 176.
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Two weeks after the Challenger accident on January 28,
1986, the individuals in the November 1985 survey sample
were resurveyed. While the overall percentage acknow-
ledging that the benefits of scientific research outweigh the
harms remained about the same, there was a complete
reversal of the percentages holding this view strongly or
only slightly. This reversal was maintained when the same
sample was questioned a third time in June 1986, after the
Rogers Commission had completed its report on the Chal-
lenger accident, but also 6 weeks after a second major
technological accident had occurred at the Cherriobyl nu-
clear power plant, The results of the three surveys sug-
gested that these technological disasters may have sig-
nificantly eroded the strongly positive attitudes toward
scientific research long held by the U.S. public.

However, a new national sample surveyed 2 years later
in July 1988 showed that public attitudes had reverted to
their pre-Challenger accident configuration—including
both the overall positive assessment as well as the original
pattern of the strength of the convictions.

Newly developed internationally coordinated surveys
of public attitudes toward S&T are beginning to yield
interesting national variations in public perceptions of and
knowledge about S&T. Recent national samples of public
opinionin the U.S,, Britain, Japan, and the European Com-
munity (EC) show surprisingly similar patterns of knowl-
edge and ignorance on scientific questions—with one ma-
jor exception. (See figure O-28.) The British and the EC
score a little better than do Americans on the question of
the simultaneous existence of humans and dinosaurs; the
U.S. and the EC score a little better than Britain on whether
the earth moves around the sun. Large majorities in all
three countries and the EC give the correct answer on
continental drift.

On the issue of the evolution of the human species,
however, the U.S. public differs markedly from the other
samples. Less than half of the U.S. respondents agreed
with the statement about evolution, as compared with 75
percent to 80 percent of the British and Japanese and 62
percent of the EC respondents. The U.S. pattern reflects a
history of political and legal controversy on questions of
biological evolution rooted in strongly held cultural or
religious beliefs.
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Figure 0-28
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Precollege Science and
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Precollege Science and Mathematics Education

RIGHLIGHTS

Student Achievement

® Following a wave of school reforms in the early 1980s, test
scores on national science achievement tests have shown slight
increases during the 1980s. Achievement trends for 9-, 13-,
and 17-year-old students from 1970 to 1986 show a
pattern of initial declines followed by subsequent up-
turns for the three age groups. However, the recent
improvemenis did not offset earlier decreases in test
scores, and student scores in 1986 remained below 1970
levels for the three age groups. (See p. 22.)

Mathematics achievement showed a similar pattern, with
students attaining slightly higher scores on national achieve-
ment tests in 1986 than in 1978. While 9- and 13-year-olds
scored slightly higher in 1986 than in 1973, scores for
17-year-olds were slightly lower. (See p. 24.)

In both science and mathematics, the largest increases in test
scores occurred among the ethnic/racial groups that had per-
formed comparatively poorly in earlier assessments. For ex-
ample, 9- and 13-year-old blacks and Hispanics showed
larger gains in science test scores than did whites be-
tween 1977 and 1986, and the same findings applied to
mathematics scores for 9-, 13-, and 17-year-olds between
1978 and 1986. (See pp. 22,25.)

Despite these recent improvements, average black and His-
panic students were still far behind white students in achieve-
ment scoresin 1986.In 1986, the average 17-year-old black
or Hispanic student performed at the same level as the
average 13-year-old white student in the science and
math achievement tests; the average 13-year-old black
or Hispanic student performed at the average 9-year-old
white student level in science. (See pp. 22,25.)

In an international mathematics and science assessment of
13-year-olds conducted in five countries and four Canadian
provincesin19° LS. students scored lowest among the 12
populations in mathematics and fourth lowest in science.
South Korean students demonstrated the highest over-
all mathematics achievement, and British Columbian
and South Korean students had the highest science
scores. (See pp. 27-28.)

In another international science assessment, students at the
5th, 9th, and 12th grade levels in the U.S. performed poorly
compared with their counterparts in other countries. For
example, among students taking a particular science
course in their final year of high school, of the 13 coun-
tries tested, U.S. students placed last in biology, 11th in
chemistry, and 9th in physics. (See pp. 28-29.)

€ tudent Coursework

® Largely as a result of school reform movements, the average
number of courses U.S. high school students take in science,

20

mathematics, foreign languages, and computer science has
increased proportionally more than it has in other academic
subjects. Students took an average of one semester more
of mathematics in 1987 than in 1982, and enrollments in
advanced mathematics classes were up by about a third.
Course-taking in science was also up, with the percent-
age of high school students taking a course in biology
increasing from 75 percent in 1982 to 90 percent in 1987;
increases also occurred in the percentages of students
taking chemistry (from 31 percent to 45 percent) and
physics (from 14 percent to 20 percent). (See p. 32.)

® In the international science survey conducted in 1988, U.S.
students spent less time on regularly scheduled hands-on
activities than did any of the other 12 populations in the -
assessment. While U.S. teachers believe that hands-on
activity is the most effective method for teaching sci-
ence, 38 percent of elementary school teachers reported
that they use classrooms with no science materials or
facilities, and less than half of secondary school teachers
said they had access to a general-purpose science
laboratory. (See pp. 34-36.)

® The amount of time spent teaching science and mathematics
in elementary school remained the same between 1977 and
1986. In grades 4-6, science teaching averaged about 30
minutes per day, and mathematics teaching about 50
minutes per day. (See pp. 34-35.)

Teachers and Teaching

® A 1986 study of the courses that science and matheiiatics
teachers took in college showed that a substantial proportion
failed to meet recommended standards for teacher preparation.
Only 34 percent of elementary school teachers who
teach science met all of the standards of the National
Science Teachers Association (NSTA). An even smaller
percentage (22 percent) of grades 7-9 teachers of science
met the full standards. At the high school level, 29
percent of biology teachers, 31 percent of chemistry
teachers, and 12 percent of physics teachers met all of
the NSTA standards. In mathematics, 18 percent of ele-
mentary school teachers met all of the National Council
of Teachers of Mathematics’ recommended standards,
while only 14 dpercent of grades 7-9 teachers, and 15
percent of grades 10-12 teachers, met these standards.
(See pp. 37-39.)

® Among high school math teachers, 29 percent had taken no
college math courses in the previous 10 years; the comparable
figure for science teachers was 25 percent. In a national
survey conducted in 1986, teachers of science and math-
ematics said that the{ typically had spent less than 6
hours in professional development in these subjects
during the prior 12 months. (See p. 39.)
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A well-educated and trained workforce is essential to
maintaining the Nation's domestic progress and world
competitiveness, as well as individual progress and pros-
perity. Nationally, investment in education is one of the
important sources of productivity and earnings. For ex-
ample, recent studies indicate that, in the postwar period,

‘=z increases in human capital have contributed 10 percent to
~: .. 20 percent of real economic growth and a similar percent-
-7 age of the gains in economic productivity. From an in-
2" dividual standpoint, workers with more schooling noi
i only havehigher earnings but also safer, more comfortable

working conditions and lower rates of unemployment. For
example, the unemployment rate for workers with fewer
than 4 years of high school is double that of workers who
completed 4 years of high school.!

The education system can be thought of as a “’pipeline”
through which students pass, increasing their educational
level. Through elementary school and much of secondary

o school, nearly all students are part of this pipeline. But, as

- . students make decisions about higher education, the pipe-
linediminishes in size. Particularly important is the period
from 6th to 12th grade, when individual students make
decisions about which courses to take—and not to take—
- which areas of the educational curriculum in which to

- specialize, and which careers to pursue.

As individuals make these plans about their academic
future, they are influenced by a number of factors, includ-
ing family and peeraspirations and motivation, the media,
teachers and counselors, and testing practices.? Also, the
content and quality of elementary and secondary educa-
tion helps determine individuals’ academic preparation
for college, their likelihood of graduating from college,
and their ability to derive the greatest benefit from a col-
lege education.?

Because the abilities, attitudes, and aspirations of to-
day’s elementary and secondary students directly affect
the quality of the Nation's future college-bound popula-
tion—and ultimately the skill of the Nation’s human re-
sources-—several prominent and troublesome trends need
to be examined:

® Despite recent improvements with respect to some
age and ethnic/racial groups, both participation and
achievement by U.S. elementary and secondary stu-
dents in science and mathematics are lagging behind
previous years and other countries.

¢ Participation of women and minorities in science and
mathematics, although improving inrecent years, still
is below the average white male. Achievement of
minorities in science and mathematics remains well
below that of whites.

e Compared with students in other developed coun-
tries, American students demonstrate lower achieve-
ment in problem solving and higher-order thinking.

® Many students, particularly those in less affluent
schools, are taught by teachers of science and mathe-

!Council of Economic Advisers (1988), pp. 166 and 170.
*OTA (1988a), p. 5.
3OTA (1988b), p. 3.
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matics who are not fully qualified. Shortages of fully
qualified elementary and secondary school teachers
are most apparent in physics, chemistry, computer
science, and mathematics.

In the early 1980s, the widespread nature of these and
other problems was drawn to the Nation’s attention in a
spate of nationa! reports, all of which recommended ex-
tensive school reform. More recently, education leaders in
all 50 states, as well as numerous local education agencies,
have initiated activities to set standards for schools or
students.* Among the specific problems identified were
declining student performance, dilution of graduation
standards, and a high school curriculum loaded with elec-
tives.

Asaresult of the numerous commissions and the recom-
mendations contained in their reports, extensive reforms
were launched, including, for instance, increasing the
number of course credits required to graduate, regulating
and standardizing curricula through state frameworks or
guides and through the selection of textbooks, and testing
for student mastery of basic skills and/or proficiency in
subject matter areas.’ The intent behind this broad range
of policy initiatives was to raise student performance and
exert some form of quality control over the process of
education.® And while several national studies discussed
in this chapter have shown some overall positive results in
student achievement and student course-taking, many
states are now in the process of conducting their own
studies to evaluate the effectiveness of these reforms.

Structure of the Chapter

This chapter consists of three major parts, organized to
discuss the indicators in the categories used by the Nation-
al Research Council’s {NRC) Committee on Indicators of
Precollege Science and Mathematics Education.” The com-
mittee was charged with (1) developing a framework, as
far as possible, using existing data to provide a baseline;
and (2) suggesting what data and analyses will be needed
in the future for a continuing portrayal of the condition of
precollege science and mathematics education. The NRC
committee defined the concept of an “indicator” as a
measure that conveys a general impression of the state or
nature of the structure or system being examined. While it
is not necessarily a precise statement, it gives sufficient
indication of a condition concerning the system of interest
to be of use in formulating policy.

To identify the central concepts relevant to the science
and mathematics education system, the committee mod-
eled the educational system in terms of inputs, processes,
and outcomes. The committee then recommended monitor-
ing the following key schooling variables:

¢ Inputs—teacher quantity and quality, and curriculum
content;

® Processes—instructional time/course enrollment; and

‘Moyer (1987), p. 1.
*Ibid.

*Capper (1988).

?Raizen and Jones (1985).
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® Outcomes—student achievement.

The committee considered student achievement to be
the primary indicator of the condition of science and math-
ematics education, since the acquisition of knowledg: is
the main reason for the existence of formal education.
Input and process variables were selected that research
had shown to be related to student achievement; namely,
exposure to a subject (instructional time/course content),
the number and qualifications of teachers with instruction-
al responsibilities in science and mathematics, and the
opportunity to learn these subjects as reflected in the con-
tent of the curriculum.

This chapter presents most recent data on the above-dis-
cussed variables, arranged in accordance with the com-
mittee’s proposed model of the education system. The
chapter also reviews recent educational reform efforts that
have been established to improve the quality of student
learning, classroom instruction, teacher performance, and
curriculum content.

STUDENT ACHIEVEMENT®

In the 1985/86 academic year, the National Assessment
of Educational Progress (NAEP) tested national samples
of 9-, 13-, and 17-year-olds in science, mathematics, and-—
for the first time—computer competence. These results
permit a 17-year trend analysis for five assessments in
science (conducted in 1970, 1973, 1977, 1982, and 1986) and
a 14-year trend analysis for four assessments in mathe-
matics (performed in 1973, 1978, 1982, and 1986). Also, for
the first time, the results in science and mathematics were
scaled according to various levels of proficiency.?

Science Achievement

While overall trends in science achievement for 9-, 13-,
and 17-year-olds across five national assessments from
1970 to 1986 do not reveal dran.atic changes, they do show
a pattern of initial decline followed by subsequent re-
covery at all three age levels.' (See appendix table 1-1.)
These recoveries, however, have not yet compensated for
the declines. Declines from the 1970 levels occurred in
assessments conducted in 1973 and 1977, but these were
followed by upturns in performance between 1982 and

*The following information draws heavily on three reports published
by the National Assessment of Educational Progress section of the Educa-
tional Testing Service under the heading *“The Nation’s Report Card.”
See NAEP (1988a), (1988b), and (1988c).

*Briefly, the statistical methodology used to develop these proficiency
scales involved the computation of percentages of students giving var-
ious responses to the assessment items and using Item Response Theory
(IRT) technology to estimate levels of science and mathematics achieve-
ment for the Nation and for various subpopulations. IRT defines the
probability of answering a given item correctly as a mathematical func-
tion of proficiency level or skill and certain characteristics of the item.
Each proficiency level is defined by describing the types of science and
mathematics questions that moststudents attaining that proficiency level
would be able to perform successfully. (See appendix tables 1-2, 1.7, 1-13,
and 1-14.) Science and mathematics specialists examined these empiri-
cally selected item sets and used their professional judgment to charac-
terize each proficiency level. For a detailed description of the statistical
methodology used, see NAEP (1988a) or (1988b), pp. 132 and 141.

UNAEP (1988a).

1986. In 1986, however, average achievement at ages 13
and 17 remained below that of 1970; at age 9, average
achievement just returned to where it was during the first
assessment of 1970. (See figure 1-1,)

Figure 1-1.
National trends in average sclence achlevement:
1870-86 ' _ ' :

" (Achlevement scores)
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See appendix tabie 1-1, Sclance & Englnesring Indicators—1989 .

Achievement by Minorities. Despite recent gains, the
averageachievementofboth 13-and 17-year-old black and
Hispanic students remains at least 4 years behind that of
their white peers. (See figures 1-2, 1-3, and 1-4.) From 1977
to 1986, white students at ages 9 and 13 tended to show
slightimprovements; black and Hispanic students at these
ages showed larger gains. Although all three ethnic/racial
groups at age 17 improved from 1982 to 1986, only black
students showed important gains across the 9-year span
from 1977 to 1986. As a result of recent improvements,
17-year-olc black students surpassed their 1977 perfor-
mance in 1986, while Hispanic and white students did not.

Achievement by Females. At all three ages—but par-
ticularly at age 17—~the science achievement of females in
1986 was below that of males, a trend that has persisted
throughout the 17 years of assessments. The science per-
formance of 9-year-old females in 1986 remained slightly
below that of 1970, and the performance gap between
malesand females atage 9 has increased somewhat during
that time. The performance gap between 13-year-old
males and females consistently widened across the five
assessments. Atage 17, althoughthe gap between the sexes
continued, trends in performance were comparable for
males and females: both groups showed steady declines in
performance from 1970 to 1982 and improvements from
1982 to 1986. (See appendix table 1-1.)

Level of Student Proficiency in Science

Based on a review of the NAEP test items by science
specialists, the NAEP results were used to describe five
levels of student proficiency:

NSee footnote 9 and appendix table 1-2.
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¢ Knows everyday science facts.

¢ Understands simple scientific principles.

¢ Applies basic scientific information.

¢ Analyzes scientific procedures and data.

¢ Integrates specialized scientific informat;on.

These performance levels can be characterized as the
interaction between knowing about science and gaining
the ability to perform scientific experiments and using
scientific information to infer relationships and draw con-

- ‘Figure 1-3.
- Trends In average science proficlency for age 13, by
- race/ethnicity: 1970-86
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Figure1-4. - -
Trends in average science proficlency for age 17, by
race/ethnicity: 1970-85
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clusions.”? The science specialists who constructed the
NAEP items established the level at which students have
the ability to analyze scientific procedures and data as
characterizing “. . . the sort of scientific literacy one might
expect to be universally held by members of society.”’1?

Results of the NAEP analyses of the five levels of student
proficiency show that, although recent progress has been
made in average student proficiency, most of this has
occurred at the lower end of the scale in the areas of basic
knowledge and elementary interpretation of scientific in-
formation.! (See appendix tables 1-3, 1-4, and 1-5.) Ap-
proximately 10 percent of junior high school students and
only about 40 percent of high school students can be
considered moderately versed in science (i.e., able to anal-
yze scientific procedures and data). Only 7.5 percent of the
17-year-olds demonstrated the ability to integrate special-
ized scientific information. (See text table 1-1.)

By 198¢, nearly all students in all three age groups
attained a level of scientific knowledge that might be
gained from everyday experiences, including elementary

2The 1986 NAEP science assessment did not include “hands-on”
exercises designed to measure students’ ability to “’do” science in terms
of their ability to use laboratory equipment and apply higher-order
thinkingskills inexperimental situations. Theimportance of the key types
of hands-on exercises was indicated by a recent report of the National
Academy of Sciences, which posited that multiple-choice tests are not
adequate for assessing conceptual knowledge, most process skills, and
the higher-order thinking that scientists, mathematicians, and educators
consider most important. Among the ty pes of tests this report advocated
were exercises that employ free-response techniques—not only paper
and pencil problems but also hands-on science experiments and com-
puter simulations. See Murnane and Raizen (1988), p. 63. Accordingly,
the NAED staff has launched a pilot study of innovative hands-on tech-
niques and exercises to simulate laboratory processes and analytical and
interpretative skills needed for problem solving and reasoning of the type
used in scientific experiments. See NAEP (1987).

NAEP (1987), p. 48.

HSee NAED (1988a), pp. 40-50, for examples of assessment items that
typify each level of performance.
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.~ Texttatle 1-1. Percentage of students at or
.-~ . abovethe five proficlency levels in sclence,

‘by age: 1977-86
_ o _ ' - Assessment year
"Z"’éroﬂclency lovel Age 1977 1882 1986
' Percent ———
Knows everyday science

BES s errannnnns e 9 938 950 963
13 986 996 998
RERE 17 808 997 999
* :“Understands simple
. -sclentific principles . ....... 9 679 704 T4
O 13 859 896 91.8
17 972 958 86.7

.. . Applles basic sclentific
- T S 9 262 248 276
ST 13 492 515 534
17 818 768 808

 Analyzes sclentific
. Procedures anddata ...... 9 35 22 34
Ceen 13 10.9 9.4 9.4
17 417 375 414

- Integrates speclalized
© sclentificinformation . ...... 8 00 01 01
T 13 0.7 0.4 0.2

17 85 72 75

Note: Ses appandix table 1-2 for defirutions of proficiency levels,
~ Sea appendix tablas 11, 1:2, 1-3, 1-4, and 1-5,
Sclance & Engineering Indicators—~1989

facts about the ch~racteristics of animals and the operation
of familiar mechanical devices. Also,  significantly greater
proportion of both 9- and 13-year-olds demonstrated
knowledge of simple scientific principles in 1986 than in
1977.1n 1977, 68 percent of the 9-year-olds and 86 percent
of the 13-year-olds showed the ability to understand sim-
ple scientific principles. Nearly all of the 17-year-olds at-
tained this level in the three latest assessments.

It is of great coricern that only about 15 percent of the
black ard Hispanic 17-year-old students assessed in 1986
demonstrated the ability to analyze scientific procedures
and data, compared to nearly half the white students at
this age. (Seeappendix table 1-5.) Of similar concern is that
at age 17, roughly half the males, but only a third of the
‘fjemales, were able to analyze scientific procedures and

ata.

Based on these analyses of levels of proficiency, espe-
cially the fact that less than half of all high school students
were able to analyze scientific procedures and data, the
science educators who assisted in preparing the report
concluded that:

“In limiting opportunities for true scicucelearning,
our Nation is producing a gencration of students who

2

lack the intellectual skills necessary to assess the
validity of evidence or the logic of arguments, and
who are misinformed about the nature of scientific
endeavors. The NAEP data support a growing body
of literature urging fundamental reforms in science
education—reforms in which stucents lcarn touse the
tools of science to better understand the world that
surrounds them,"’'s

Mathematics Achievement

Findings from the 1986 mathematics NAEP assessment -
were similar to those from the science study. Recent math-
ematics performance has improved somewhat, especially
for studentsat ages9and 17. (Seeappendix table 1-6.) Since
1978, blacks and Hispanics at ages 9, 13, and 17 made
appreciable gains. All of these performance improve-
ments, however, have been confined primarily to the
lower-level skills, The highest level of performance at-
tained by any substantial proportion of students in 1986
reflects only moderately complex skills and understand-
ings. Most students, even at age 17, do not possess the
breadth and depth of mathematics proficiency needed for
advanced study in secondary school mathematics.16

In the 14-year span covered by NAEP’s four mathe-
matics assessments, performance of 9-year-olds was stable
between 1973 and 1982 and improved slightly between
1982 and 1986. (See figure 1-5, figure O-13 in Overview,

Figura 15, - = ‘ o
National trends In average mathematics e ¥
achlevement: 1978-66 - |
(Achlevementscore) N
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Sae appendix table 1.6, Sclenca & Engineering Indicators—1959

and appendix table 1-6.) Thirteen-year-olds showed some
improvement between 1978 and 1986. For 17-year-olds,
performance declined slightly from 1973 to 1982, but
showed an upturn between 1982 and 1986.

“NAEP (1987), p. 17.
NAEP (1988b).
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Achievement by Minorities. At ages 9 and 13, black
students have shown steady improvement across the 13-
year period from 1973 to 1986; these improvements were
most notable from 1978 to 1982 and again from 1982 to
1986. (See figures 1-6, 1-7, and 1-8.) At age 17, bi *rk stu-
dents showed relatively consistent performance between
1973 and 1978, before improving between 1978 and 1986.
At age 9, Hispanic students improved slightly with each
assessment. At the older ages, Hispanic students showed
recent improvements, with the performance of 13-year-
olds improving primarily between 1978 and 1982, and that
of 17-year-olds improving primarily between 1982 and

Figure 1-6.
Trends In average math achlevement for age 9, by
race/ethnicity: 1973-86

(Achlevement score)

350

300 f

asop White .
¥ Hispanic e e

200} j\; ;5
3 v Black

150 ] I 2 e - A
1973 ‘78 ‘82 '86
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Figure 1-7.
Trends in average math achlevement for age 13, by
race/ethnicity: 1973-86
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Factors Behind Changes in Test Scores

A study by the Educational Testing Service (ETS)
examined changes in the academicachievement of high
school seniors (as measured by various test results,
including the NAEP assessments) between 1972 and
1980 and examiined the school and student factors re-
lated to these changes. (See Rock, et al., 1985.) The
findings show that significant shifts in the character-
istics of high schools and student behavior were related
to test scores. Changes during the period studied at the
school and student levels that seem to be most closely
associated with lower test scores were; =

¢ A greater likelihood of being in the general or voca-
tional curriculum rather than the academic curricu-
lum;

® A drop in the frequency with which students report
taking “traditional” cellege preparation core courses
such as foreign languages, science, and/or courses
requiring laboratory work;

® A decrease in the amount of homework done; and

® An increasing dissatisfaction among students with
the lack of emphasis on academics in the schools.

This dissatisfaction~shared by students of all socio-
economicstatuses (SES) and racial/ ethnic groups-—was
the overall major factor associated with lower test
scores, The impact of this shift in emphasis fell primar-
ily on white and upper class students. On the other
hand, Federal and state programs designed to strength-
en skills in mathematics among low SES blacks appear
to have contributed to the test score increase in mathe-
matics among this group. :

1986. Because performance of white students remained at
approximately the same level in 1986 as in 1973, while the
black and Hispanic scores gained (particularly at age 13),
the performance gap between these groups narrowed ap-
preciably.

Achievement by Females. Gender differences in math-
ematics performance were smallest at age 9 and greatest at
age 17; in 1986, 17-year-old males scored 5 points higher
than females on the proficiency scale. (See appendix table
1-6.) Atage 9, females scored higher than males until 1986,
when the scores were identical, due to a greater improve-
ment in male scores than female scores between 1982 and
1986. Females atage 13 scored higher than males in the first
two assessmients; the reverse was true in 1982 and 1986,
although both genders showed improved proficiency in
1986 compared with 1973,

Levels of Student Proficiency in Mathematics

As in the science NAEP assessment, five levels of math-
ematics proficiency were established, in this case by a team
of mathematics educators."

"See footnote 9 and appendix table 1-7.
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" Figure 1-8.
- Trends In average math achlevement for age 17, by
- race/ethnicity: 1973-86
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¢ Simple arithmetic facts.

® Beginning skills and understanding,

* Basic operations and beginning problem solving.
* Moderately complex procedures and reasoning,
® Multi-step problem solving and algebra.

The performance level associated with “moderately
complex procedures and reasoning” represents the level
of attainment recommended by the National Science
Board (NSB) that all secondary students should achieve,
including a variety of mathematical outcomes such as an
understanding of the logic behind algebraic manipula-
tions, a knowledge of iwo- and three-dimensional figures
and t?eir properties, and some more advanced objec-
tives.!

In1986, only about half of the 17-year-old age group was
able to attain the proficiency level recommended by the
NSB. (See text table 1-2.) Moreover, only a small propor-
tion of 17-year-olds (6 percent) showed the ability to do
multi-step problem solving and algebra in the 1986 assess-
ment. The percentage of students achieving at this level
has remained essentially constant since 1978. This means
that few students have, by their last vears of high school,
mastered the fundamentals needed to perfo: in more ad-
vanced mathematical operations.

On a more positive note, in 1986—as in past assess-
ments—virtually all students in all three age groups were
able to perform elementary addition and subtraction.
There was also some improvement in performing begin-
ning skills and understanding: more 13-year-olds could
solve the test items designed to measure bi.ic operations
and beginning problem solving in 1986 (73 percent) than

BNSB (1983), pp- 94-96.
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Text table 1-2, Percentage of students at or
abova the five proficlency levels in mathematics,

by age: 1878-86
Assessmant ysar B
Proficiency level Age 1978 '1932 1988 -
| n——Perognt ————— -+
Simple arithmetic facts . . ... 8 965 972 978 -
17 1000 1000 1000 .
Beglnning skills and ' SR U
understanding ........... 9 703 715 5
' o 13 945 976 -
‘ 17. 998 .999..
Baslc operations and -
beginning problemsolving .. 9 194 187 i
_ 13 649 716 B I
' 17 821 929 QL
Moderately cornplex AR
proceduresandreasoning .. 9 08 - 08 06
13 178 178 169 -
Multi-step problem solving R
andaigebra ......... o g 00 00 00 -
13 08 05 04
17 74 54 - 64
Note: See appandix table 1-7 for definitions otprdﬂclehcy levals.- w

Seo appendix tables 1-6, 1-7, . 8, 1-9, and 1-10

Sclence & Englnesring Indicators~1989

in 1978 (65 percent). Most of this gain occurred between
1978 and 1982. (See appendix tables 1-8, 1-9, and 1-10.)

Among the conclusions reached by the authors of the
mathematics assessment was the following:

“Too many students leave high school without the
mathematical understanding that will allow them to
participate fully as workers and citizens in contem-
porary society. As these young people enter univer-
sities and businesses, American college faculty and
employers must anticipate additional burdens. As
long as the supply of adequately prepared precol-
legiate students remains substandard, it will be dif-
ficult for these institutions tc assume the dual respon-
sibility of remedial and specialized training; and
without highly trained personnel, the United States
risks forfeiting its competitive edge in world and
domestic markets.”’**

International Assessments of Science and
Mathematics Achievement

In recent years, two large-scale international assess-
ments of science and/or mathematics have been conduc-
ted. The first was performed in 1988 by the International

NAEP (1988b), p. Y.
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Assessinent of Educational Progress (IAEP); it tested 13-
year-old students in mathematics and science in f{ive
countries and four Canadian provinces.?® The second as-
sessmeni, by the International Association for the Evalua-
tion of Educational Achievement (IEA), covered science in
24 countries or systems. The IEA study included students
at three levels: age 10, typically grades 4 or 5; 14-year-olds,
or grades 8 and 9—the point in secondary school when
education in most systems is still full-time and compul-
sory—and students who were enrolled in science in the
terminal year of high school.?! In the U.S., most students
inthe 12th grade who are still enrolled inscience are taking
physics or a second year c.urse in some science.

Both of these assessments point to the same conclusion:
US. students perform poorly in science and/or mathe-
matics compared with most of their counterparts around
the world.

International Assessment of Educational Progress. In
the JAEP mathematics assessment, the U.S. ranked last

¥In the IAEP study, test items were taken from the 1986 NAEP assess-
ments of science and mathematics.

21 At the time of preparation of this report, data were available for 15
countries atage 10, 16 countries atage 14, and 14 countries at the terminal
year of high school.

" Figure 1.8,
e Averago math achlevement for age 13, by country: 1968

among the five countries and four Canadian provinces.?
(See figure 1-9and appendix table 1-11.) Thirteen-year-old
students in South Korea had the highest proficiency levels
in mathematics—well above the mean—while the other 11
populations clustered themselves into three lower-per-
forming groups.

In the 1988 IAEP science assessment, the U.S. was also
among the lowest scoring populations, which included
Ireland, French-speaking Ontario, and French-speaking
New Brunswick. (See figure 1-10 and appendix table 1-12.)
The students of British Columbia and South Korea were
by far the highest scorers. The perforiances of about half
the countries were clustered near the mean for all par-
ticipants.

To make informed judgments about the adequacy of
student skills in science and math, the IAEP international
tests were scaled at five points similar to the U.S. NAEP
science and math assessments.?® (See appendix tables 1-13
and 1-14.) In mathematics, the results show that South
Korean students were much more proficient in solving

2] apointe, Mead, and Phillips (1989).

BIbid.—see the Procedural Appendix for a discussion of stutistical
methodology used to scale the various levels of student proficiency. Also
see footnote 9.
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" Seeappendixtable 1-11.
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- Figure 1-10.

-~ Avarage sclence achlevement for age 13, by country: 1988
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See appendix table 1-12.

complex problems than students in most other countries,
including the United States. (See appendix table 1-15.)
More than three-quarters of the 13-year-old South Korean
students could use intermediate mathematical skills to
solve two-step problems, compared with only 40 percent
of the U.S. students. In terms of understanding measure-
ment and geometry concepts and applying problem solv-
ing to more complex mathematical problems, 40 percent
of the South Korean, compared with only 9 percent of the
U.S., students were successful.

In science, over 70 percent of the 13-year-olds in both
British Columbia and South Korea demonstrated the abil-
ity to use scientific principles and analyze scientific data,
compared with only 42 percent of the American students.
(See appendix table 1-16.) Over 30 percent of the students
in British Columbia and Korea were successful in solving
problems designed to measure the understanding and
application of scientific knowledge and principles, com-
pared with less than 12 percent of the students in U.S,

IEA International Science Assessment.® In the IEA in-
ternational science assessment, students in Japan and

“In the IEA science study, most of the countries conducted the assess-
ment in 1983, In the U.S,, two assess.nents were conducted, one in 1983
and another in 1986, but the 1983 survey was marked by extremely low
response rates and, as a result, these data are not shown here, See
International Association for the Evaluation of Educational Achievement
(1988), p. 26.
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South Korea (each with average scores of 15.4 out of a
possible 24 correct answers to test items) were the top
performers among 10-year-olds. U.S. students, along with
those from a number of other countries, were in the middle
with a mean score of 13.2. The 10-year-old studeats in the
United Kingdom and Hong Kong were among the lowest
scorers in the country rankings.

By the intermediate level of schooling, Hungarian, Japa-
nese, and Dutch 14-year-olds demonstrated the highest
achievement, correctly answering roughly 20 to 22 of 30
items. U.S. 14-year-old students ranked third to last wsith
an average of about 17 items correct.

Attheterminal year of high school, among students who
took biologg', chemistry, or physics, students in Hong
Kong and the United Kingdom were among the highest
scorers, with the U.S. students ranking last in biology,
third from last in chemistry, and fifth from last in pl ysics.
(See figures 1-11, 1-12, and 1-13; and appendix tables 1-17,
1-18, and 1-19.)

Thus, U.S. 10-year-old students in science ranked in the
middle of the countries, lost ground by age 14, and scored
at or near the bottom by the 12th grade. The opposite
pattern is observed in Hong Kong and the United
Kingdom, where 10-year-old students scorerelatively low,
but—by the terminal year of high school—move up in the
international rankings.

There are several possible explanations for this




- Figure 111,

N "(Country)

Mq_gn_ scores on biology test: among students taking biology In final year of high schaol, by country

"~ Singapore N

United Kingdom. - [=

Hungary

" Poland

Finland

- Sweden

Australia

Japan

- Canada

{taly

Un]ted States R I N e R RN DA

_Note: Da‘a are for 1886 in U.S. and 16883 for other countries.
" Seeappendixtable 1-17,

phenomenon. In some countries, notably Hong Kong and
the United Kingdom, secondary school students who are
skilled in science are provided with the opportunity to
study the science curriculum much more intensively than
inthe United States. Also, in some countries, high achieve-
ment is associated with high student attrition rates. Stu-
dents who do not achieve well drop out early. In Thailand,
for example, where scores of 14-year-old students equaled
those of U.S. students in the IEA study, only 32 perceat of
this age group is in school, as opposed to 99 percent of U.S.
students. Thus, in-school 14-year-olds in Thailand are a
select group of students. On the other hand, however,
Japan—a country typically among the highest scoring
ones in international assessments of science and mathe-
matics—has a higher student retention rate than does the
United States.

Another possible explanation of why the U.S. scores
relatively low in international assessments of science and
mathematics lies in the type of curriculum studied. Other
studies have shown that the srience curriculum in the
United States is different from that in most other courtries.
In the United States, most public schools teach one science
subject for one academic year and then move on to another

40 50 €0 70

(Percent corract)
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discipline the following year; in contrast, the preferred
approach in certain other countries is the parallel teaching
of an array of disciplines over a period of years.?® Other
speculative explanations include family and coimmunity
expectations and support.

Computer Competency

Overall, the computer competency assessment found
that most students have used computers and have some
familiarity with them, but that their competency is gener-
ally low and largely restricted to relatively simple com-
puter applications such as word processing. Further,
computi.rs are seldom used in subject areas such as math-
ematics or science, but rather are largely confined to
classes about computing and the use of computers.2

Morethan 60 percent of 11th graders correctly identified
the word processing functions of “search and replace,”
“insertion,” and “movement of text.” (See appendix table
1-20.) At all three grade levels tested, however, students

BKlein and Rutherford (1985).
BNAEDP (1988¢).
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did not have a clear grasp of graphics functions or the
structure and functions of data bases. Only about 10 per-
cent of 7th and 11th graders practiced such applications as
often as once a week. About two-thirds of these students
had never written computer programs.

White students averaged between 5 and 8 points higher
on the computer assessment than did their black and
Hispanic counterparts. White students also havea definite
advantage over blacks and Hispanics in access to com-
puters at home. Maic students have slightly higher
compnter competency than females, although differences
in experience and instruction were small. Families of boys,
however, were more likely to own computers: among 11th
graders, 35 percent of boys had computers at home, com-
pared with 25 percent of girls.

More than half of grade 3 studei ts have used computers
in mathematics classes. But when 7th and 11th grade stu-
dents were asked how often they used computers in var-
ious subject areas, it became clear that computers are
primarily confined to the school computer studies cur-
riculum. (See appendix table 1-21.) High percentages of
students never use a computer to practice mathematics,
science, reading, or other skills from traditional subjects.

Sclence & Enginaering indicators—1989

(See text table 1-3.) Among those who used a computer to
practice subject matter skills, only about 5 percent to 10
percent did s 1nore than once a week.

Text table 1-3. Computer use in subject areas,
by grade level: 1986

Have you used a computer in
any of the following classes?

Grade 3 Grade 7 Grade 11

- Percent

Mathematies .............. 53.0 39.4 29.1
Reading/English . .......... 25.0 239 16.9
Sclence ................. 12.8 116 164
Socialstudies ............. 1.7 10.2 46
At e 21.6 10.2 46
Music .....ciiiiiiiein 16.9 7.0 39
SOURCE: NAEP (1988c¢).
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Science and Engineering Interests of
College-Bound Seniors

An important indicator of the potential supply of scien-
tists and engineers is the proportion of high school seniors
who intend to major in S, E fields in college. Based on thie
plans of college-bound seniors who take the Scholastic
Aptitude Test (SAT), there has been a decline in the pro-
portion of students intending to major in the more quan-
titative sciences—math and statistics, the physical sci-
ences, engineering, and computer science. (See figure 1-14
and appendix table 1-22.)¥ During the 12-year period from
1977 to 1988, the proportion of college-bound high school
seniors who intended to major in these S/E fields doubled,
peaking at about 20 percent in 1983, and then gradually
declining to about 13 percent in 1988.

Engineering is the most popular of the four quantitative
fields; it has held its own since the early 1980s with be-
tween 9 percent and 10 percent of college-bound seniors
expressing an interest in majoring in it. This represents an
increase over the 6 percent of students planning an en-
gineering major in 1977. Interest in computer science
dropped from a high of about 7 percent in the early 1980s

YGrandy (1989); and ETS (1989).
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Figure 1-14.
Percentage of college-bound senlors Intending to
major In sclence and engineering: 1977-88
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to less than 3 percent in 1988. Interest in both the physical
sciences and math and statistics remained low throughout
the 12-year period and has been declining. By 1988, less
than 1 percent of the college-bound seniors planned to
major in each of these fields.

In 1988, 24 percent of the black males, and 21 percent of
white males, intended to major in a quantitative science.
Only 11 percent of black females and 5 percent of white
females expressed an interest in majoring in these fields.
Regardless of race, males were more likely to be interested
in the applied engineering subfields than were females.

Academic Persistence of High-Ability
Minority Students

Are minority students who test high in ability and ex-
press an interest in becoming scientists and engineers
more or less likely than whites to persist in preparing for
these fields? How do those who persist differ from those
who don’t? To address these issues, a recent study con-
ducted by the Educational Testing Service sampled 5,000
minority high school seniors who (1) scored 550 or above
in mathematics on the SAT, and (2) said they planned to
major in math, science, or engineering.

By the spring of 1987 (2 years after taking the SAT), 61
percent of the total sample had enrolled in college and
were actually majoring in an S/E field or intended to do
s0.” This proportion greatly exceeds the comparable per-
centage for the general population of minority students.
The persistence rate of high-ability minority students was
about twice that of their counterparts in the general pop-
ulation. The comparable persistence rate for high-ability
white students was 55 percent.

Those who persisted were different from those who did
not in several important aspects. The persisters were much
more likely to participate in high school math and science
courses and related extracurricular activities. More than
hali of the persisters had taken high school honors courses
in science and mathematics, and two-fifths had taken
Advanced Placement (AP) mathematics courses. (See ap-
pendix table 1-23.) In this regard, a recent study using High
School and Beyond data shows that senior high schools
serving predominately poor students typically offer fewer
AP courses.” Almost two-thirds of high socioeconomic
status schools offer AP courses, but less than one-fifth of
schools in low-SES communities offer them. Science and
Liath clubs, college-based minority science and engineer-
ing recruitment and enrichment programs, and science
fair/independent research projects also seem to have been
inﬂ:ential in their persistence in science and mathematics
studies.

OPPORTUNITIES TO LEARN SCIENCE
AND MATHEMATICS

As previously noted (see p. 21), a recent National Re-
search Council report on precollege science and mathe-
matics education recommended that (1) course enrollnents

#Hilton, et al., (1989), p. 152.
BEckstrom, Goertz, and Rock (1988), p. 50.
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in secondary school and (2) instructional time inthe elemen-
tary and middle schools be used as key indicators in an
integrated system of information about science and math-
ematics learning. Accordingly, this section deals with
these indicators.

Course Enrollments in Secondary Schools®

A recent study for the U.S. Department of Education
found that long-term patterns of high school course offer-
ings have shifted, particularly inthe “general” track.®! For
one thing, the proportion of students in this track dropped
from 35 percent in 1982 to 17 percent in 1987; nearly all of
this change reflected movement into a more rigorous aca-
demic curriculum. As a result, students in 1987 took an
average of one semester more of mathematics than they
did in 1982, and enrollments in advanced math classes
(geometry, second-year algebra, trigonometry, and cal-
culus) were up by about a third. (See appendix table 1-24.)
The numbe. of students in pre-calculus had more than
doubled, while enrollment in remedial mathematics was
down by a third since 1982.

Course-taking in science was also up over the 6-year
period. (See appendix table 1-25.) While only 75 percent of
1982 high school graduates had taken a whole year of bi-
ology, 90 percent had done so by 1987. The number of
students taking a year of chemistry increased from 31
percent to 45 percent. Similarly, the average percentage of
graduates taking a full year of physics increased from 14
percent to 20 percent.

Proportionally, there were greater increases in course-
taking in science, mathematics, foreign languages, and
computer science than in the other academic subjects,
reflecting the emphasis in state reform movements on
these areas. (See figure 1-15 and appendix table 1-27.) For
example, the average high school graduate took 2.2 credits
of science in 1982, compared with 2.6 credits in 1987. More
time for core curriculum subjects such as science and
mathematics was accompanied by relatively small de-
creases in vocational educaticn programs. In addition,

%An apparent inconsistency is that while student course-taking in
secondary math and science has been increasing in recent years, overall
student achievement in these subjects has reinained relatively static. In
this regard, it should be noted that increases in secondary science and
mathematics course-taking, as well as the recent increases in some stu-
dent asse: sment scores, may portend improvements for the future. Stu-
dent learning depends on many things besides time spent on a subject.
However, the educational reform movements implemented by state and
local agenciesin the 1980s cannot be expected to have immediateimpacts
and their full effe :ts may not be seen for some time. In addition, student
learning is not only a function of the quantity of time spent on a subject,
but also the quality of the curriculum, teacher effectiveness, student
interest in particular subjects, availability of adequate laboratories and
facilities, and family and community expectations.

¥In this study, transcripts of 1987 high school graduates were com-
pared with transcripts of 1982 graduates to describe changes in course-
taking across this 6-year period. The analyses were based on approx-
imately 15,000 transcripts of 1987 graduates obtained as part of the 1987
High Schoo! Transcript Study and 12,000 transcripts of 1982 graduates
who participated in the High School and Beyond project. See Westat, Inc.,
(1988).
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“Figure 1-15.
.Mean number of credits earned by hign school
--graduates: 1982 and 1987
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some high schools appear to be lengthening the school
day, shortening class periods, and placing less emphasis
on noncredit courses such as study hall, gym, and driver’s
education.®

There was a substantial increase in the proportion of
high school graduates taking Advanced Placement cour-
ses in mathematics and physics. For example, the propor-
tion of graduates taking AP/honors calculus courses in-
creased from 1.5 percent in 1982 to 3.4 percent in 1987;

- AP/honors physics increased from 1.1 percent to 1.8 per-

cert. Simultaneously, the proportion of students in
AP /honors biology decreased from 6.6 percent to 3.0 per-
cent; chemistry essentially held its own (going from 2.9
percent to 3.1 percent). As a result, 66,227 secondary stu-
dents took the AP mathematics exam in 1988 compared
with 31,918 students in 1982, Similar numbers for the AP
physics exam were 15,266 in 1988 and 6,804 in 1982,

Course-Taking Trends Among Minorities. There were
notable increases in the average number of credit hours
taken in mathematics among all racial and ethnic groups.
(See figure 1-16 and appendix table 1-26.) The largest
increases were shown for Asians, who also took the great-
est number of credits in mathematics in both 1982 and
1987.

Course-Taking Trends for Females. The rate of growth
for course-taking by female high school students in math-
ematics was considerably higher than for males, but the
average number of credits taken remained higher for
males than for females. Females took an average of 2.93
creditsin mathematicsin 1987, up from 2.46 creditsin 1982,
Comparable figures for males were 3.04 creditsin 1987 and
2,61 credits in mathematics in 1982. The average number
of credits taken in science by males and females went up
equally—from 2.25 to 2.69 (males), and from 2.13 to 2.57
(females). (See appendix table 1-27.)

2Judy MzNeil Thorne, the Westat, Inc., project director of 1987 High
School Transcript Study (personal communication).
¥The College Board (1988).
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Racial, Ethnic, and Socioeconomic Aspects of
Opportunities to Learn Science and Math in
Secondary Schools

Despite recent gains, the average science and math
achievement of 13- and 17-year-old black and Hispanic
students remains several years behind that of their
white peers. One possible explanation of the relatively
}:oor performance of minority students is that they have
ewer opportunities to learn these subjects and that the
opportunities they do haveare of less quality than those
available to whitestudents. To assess this situation with
respect to science and mathematics, a recent study by

the RAND Corporation attempted to provide a com- .

prehensive set of analyses to determine if and how
disparities in school opportunities disadvantage poor
and minority students.

Based on preliminary analyses of data from the 1986
National Survey of Science and Mathematics Education
(Weiss, 1987), the RAND study showed that a pattern
of uneven distribution does exist. For example, based
on teachers’ reports of their perceptions of the general
science and math ability of students enrolled in their
classes, students whoattend schools with high minority
enrollments are far more likely than other students to
be enrolled in low-ability science and math classes and
far less likely to be in high-ability classes. (See Oakes, et
al., n.d.) Student enrollment in classes that teachers

perceive to be of “high ability’” was only 16 percent in.
schools where nonwhites comprise more than 90 per- .

cent of the school population, while 43 percent were
enrolled in “high-ability’” classes in schools where
white students made up more than 90 percent of the
total enrollment. (See appendix table 1-28.)

The same patterns are evident when student ability
in science and math is compared with socioeconomic
status, as measured by the percentage of students with
parents who are unemployed or on welfare and the
percentage of students with parents in professional or
managerial occupations. As secondary schools become
more affluent, they have fewer classes at low-ability
levels and more at high-ability levels.

The study authors concluded that poor and minority
students are more likely to find themselves in low-
ability classes and in courses focused on ‘‘general”
math and science content. Consequently, students have
less access to the topics and curricular objectives that
could prepare them for successful participation in aca-
demic courses in math and science. On the other hand,
whites and students from more affluent families are
more likely to be identified as able learners, placed in
academic classes, and have greater opportunities to
take the critical courses (such as advanced mathematics
and calculus) necessary for successful science and math
achievement in higher education. In this regard, a re-
cent study comparing course-taking patterns between
1982 and 1987 found that while black high school grad-
uates in 1987 were more likely than in 1982 to study all
subjects except calculus, they continued to lag substan-
tially behind white graduates in advanced math cour-
ses. (See ETS, 1989, pp. 4-5.) The course-taking patterns
for Hispanics generally resembled those of blacks.
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" Figure 1-16.
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Science and Mathematics Instruction in Elementary
and Middle Schools*

The amount of time spent teaching science and mathe-
matics in elementary schools remained substantially the
same between 1977 and 1986. (See appendix table 1-29.) An
average of only 18 minutes per day was spent on teaching
science in 1986 at grades K-3, compared with around 29
minutes in grades 4-6. Substantially more time was de-
vo.ad to mathematics at both grade levels. At grades K-3,
an average of 43 minutes per day was spent on mathe-
matics in 1986, and around 52 minutes in grades 4-6.

On average, in both 1977 and 1986, elementary school
teachers reported spending the greatest amount of class-
room time in teaching reading; this was followed by time
for n)1athematics, social studies, and science. (See figure
1-17.

Morespecifically, when teachers of third grade students
were asked how much time they spent teaching science
compared with carrying out other classroom activities
during a typical week, half reported spending only 1to 2
hours each week providing science instruction. About 20
percent of the teachers reported spending less than 1 hour
per week teaching science. Only 5 percent reported spend-
ing 5 or more hours per week on science. (See appendix
table 1-30.)

“Recent data on student exposure to science instruction in elementary
and middle schools are available from two sources: (1) for all grades at
each level in 1977 and 1985-86 from the National Survey of Science and
Mathematics Education (Weiss, 1987), and (2) for 1986 at ages 9 and 13
(generally grades 3 and 7) from the science and mathematics assessments
conducted by the National Assessment of Educational Progress (NAEP,
1988a and 1988b). In the 1986 National Survey, teachers were asked to
report the number of minutes spent in their most recent lesscn in a
particular subject.
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At grade 7, the amount of time spent teaching science
still appears to be relatively low, with approximately half
of the seventh grade teachers reporting that they devoted
3 hours or less to science instruction each week. Only 14
percent of the teachers reported that they spent 5 hours or
more cach week teaching science.

Classroom Activities

When teachers were asked as part of the 1986 National
Survey to indicate what took place during their most
recent lessons in science and mathematics classrooms,
they said that most science lessons included lecture and
discussion rather than hands-on activities. Use of hands-
on activities was more common in elementary school (51
percent of lessons) than in secondary school (43 percent in
grades 7-9 and 39 percent in grades 10-12).%

Approximately two-thirds of elementary science teach-
ers, and more than three-quarters of secondary teachers,
indicated that they believe that laboratory-based activities
are more effective than nonlaboratory classroom practices
(including lectures). Fewer than 5 percent of the sampled
teachers in each group agreed with the statement “Hands-
on science experiments are not worth the time and ex-
pense.”” Despite this attitude, experiments conducted in
laboratories constitute less than a quarter of the time spent
in science classrooms.

At least part of the reason why hands-on science ac-
tivities are not more prevalent is because many schools
lack access to laboratories. In the 1986 National Survey, 38
percent of all elementary teachers surveyed reported that
their classrooms have no science materials or facilities. In
the 1986 NAEP assessment, slightly less than half of all
secondary teachers reported that they had access to a
general-purpose laboratory for use in teaching science.
(See text table 1-4.) And only one-fifth of the seventh grade
teachers had access to more specialized facilities (i.e., a
biology or chemistry laboratory).

SWeiss (1987), pp. 47-51.

Text table 1-4, Teacher access to laboratory
facllities, by grade level: 1986

Grade 7 Grade 11
Percant responding "yes"

Do you have access to a general
purposs laboratory for your

teaching? .......ovvvuiviiinnn 46 45
Do you have acu 1ssto a

specialized sclence laboratory for

yourteaching? ................ 20 64

SOURCE: NAEP (1988a), p. 86.
Science & Enginesring Indicators—1989
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Flgure 1- 17
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Special analyses of the 1986 NAEP data indicate that
innovative classroom practices (such as problem solving
and conducting experiments in connection with labora-
tory exercises) are likely to be associated with higher sci-
ence proficiency. To conduct these analyses, students were
asked to report how often they solved problems, con-
ducted experiments alone or with other students, wroteup
the results of experiments, read articles on science, and
presented oral or written reports. Responses to these ques-
tions were ranked as “low,” “medium,” or “high.”” Stu-
dents whose teachers often lectured and seldom engaged
the class in experimentation were at the low end of the
scale. Those whose teachers used more innovative tech-
niques such as hands-on science experiments and hypoth-
esis testing were ranked at the high end of the scale.

These student-reported types of classroom activities
were correlated with actual student achievement scores
for the same students. Figure 1-18 shows a positive re-
lationship between science proficiency and innovative in-
structional activities, even though, as noted above, these
practices are relatively rare. The report summarizing the
1986 NAEP data on thesc questions indicates, however,
that it is not possible to determine whether students with
greater science proficiency tend to be placed in classes that
consistof more innovative curricular activities—or wheth-
er these activities yield higher proficiency.’ The rela-
tionship between innovative instructional activities and
student proficiency is confounded further by positive cor-
relations between student achievement and a number of
other significant factors, including the use of science
equipment in the classroom, the ability of the school to
instill positive student attitudes toward science, and the
beliefs students hold regarding science’s applicability in
helping remedy human and environmental problems.

%NAEP (1988a), p. 97.
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Classroom Science and Mathematics Practices in Other
Countries. The IAEP international sciencr assessment
found that students in the U.S. were the least involved in
laboratory experiments and other types of hands-on ac-
tivities of any of the six cormtries in the assessment.

In terms of mathematics instruction, however, detailed
analyses of eighth grade data from the more extensive
1981-82 Second International Mathematics Study showed
that therc is a great deal of similarity in teaching practices
in the eighth grade around the world. Sli=*tly more than
a third of the teachers in that study repurted that the
majority of class time in mathematics was taken up with
the whole class working together as a group, either listen-
ing to the teacher lecture or participating in discussions.
Teachers in the participating countries reported spending
comparatively little time in small group instruction. In all
countries studied, more than 75 percent of the teachers
reported spending less than 25 percent of their class time
in small groups.”

Classroom Activities, as Reported by Students. In the
1986 NAEP assessments of science and mathematics, stu-
dents were asked to report on their teachers’ instructional
practices and the kinds of learning activities featured in
their science and mathematics classrooms. While most
science educators encourage the use of hands-onactivities,
science instruction continues to be dominated by teacher
lectures and the reading of textbooks. In fact, the instruc-
tional technique reported most often by students wasread-
ing science textbooks: over half the students in grades 3,7,
and 11 stated that they read textbooks daily or weekly.
Other learning opportunities appear to be neglected. For
example, over half the students in third grade said they
never went on field trips with their science classes. Of the

.students in grade 7:

® Over four-fifths never went on science field trips,
® Over half never wrote up the results of experiments,

® About half reported that they never conducted inde-
pendent science experiments, and

¢ Nearly half said they never did oral or written reports
for science classes. (See appendix table 1-31.)

Among 11th grade students:

® 90 percent reported that they had never done experi-
ments alone, although approximately half reported
that they had performed experiments on a weekly
basis with other students;

® Slightly more than half reported never doing oral or
written reports; and

® Nearly half reported never having gone on field trips
or written up results from science experiments. (See
appendix table 1-31.)

Similar results were shown for mathematics teaching,
where routine instructional approaches predominate.

VBurstein (in press).
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Use of Calculators and Computers in the Clas:

In the 1986 NAEP mathematics assessn elativery
few students reported having access to calculators in
school. Only 15 percent of all third graders have calcu-
lators for use in mathematics classes and only 21 percent
of the seventh grade students and 26 percent of the senior
high students used them in mathematics classes at school.

Larger numbers of students reported using computers for
mathematical purposes, e.g., for learning mathematics
through computer instruction, solving mathematical
problems, or learning computer programming. Studying
aspects of mathematics through computerized instruction
seems to peak in junior high school: 39 percent of the
13-year-olds reported having computerized mathematics
instruction, compared with only 22 percent of the 17-year-
olds. At age 17, access to computers more than doubled
between 1978 and 1986; however, most of the increases
have occurred in connection with initial high school math-
ema;ics courses, such as pre-algebra and algebra I (first
year).

Amount of Science and Mathematics Homework

Both the 1986 National Survey and the 1986 NAEP
assessment obtained data on time spent on science and
mathematics homework. In the National Survey, teachers
of science and mathamatics were asked to estimate the
average amount of time a typical student in a randomly
selected class spends on homework during the week. In
the NAEP assessment, students in the 7th and 11th grades
were asked to report how much time they spent on home-
work each week.

The findings show that the average amount of time
spent on homework in both science and mathematics is
relatively small but increases with grade level; also, more
time is spent on mathematics homework than on science
homework.® For instance, almost half of all high school
students spend no time (12 percent) or less than 1 hour (36
percent) on science homework per week. Almost two-
thirds of all students in the seventh grade spent less than
1 hour each week on science homework.

Analyses based on the 1986 NAEP assessment data
show that a reasonably consistent relationship exists be-
tween the total amount of homework done and student
proficiency in science and mathematics for grade 11 stu-
dents, but not at the 7th grade. In both mathematics and
science for the 11th graders, the more homework, the
higher the proficiency. (See appendix table 1-32.) At the
junior high school level, no consistent relationship appears
to exist between homework and proficiency, although

¥Despite the relatively small amount of time spent on mathematics
homework by most students, reports by 13- and 17-year-olds indicate a
dramatic increase in general homework being assigned each day, par-
ticularly between 1982 and 1986. In 1982, 73 percent of the 13-year-olds
reported being assigned homework in general on a daily basis. This
percentage increased to 96 percent in 1986. Results for 17-year-olds were
similar, with 70 percent reporting assigned daily homework in 1982,
compared to 94 percent in 1986. Data on trends in the amount of time
spent on mathematics homework are not available, See NAEDP (1988b),

p. 107.
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seventh grade students who reported spending no time
each week on science homework had the lowest science
proficiency.

INDICATORS OF TEACHING/EDUCATION
QUALITY AND QUANTITY

The recent NRC report on precollege science and math-
ematics indicators pointed out that teacher quality and
quantity was a key variable associated with student
achievement. This section, accordingly, contains data on
col.ege courses teachers have taken as quality indicators.
Teacher quantity is explored using data on supply and
demand and teacher career patterns.

Teacher Preparation

Inrecent years, there has been considerable concern that
teachers of science and mathematics may be poorly trained
and/or inadequately prepared to teach these subjects. For
example, a report by the American Association for the
Advancement of Science states:

“Few elementary school teachers have even a ru-
dimentary education in science and mathematics, and
many junior and senior high school teachers of science
and mathematics do not meet reasonable standards of
preparation in those fields.”*

Furthermore, an NRC report prepared in response to the
need to revitalize mathematics and science education,
points out that:

‘“Too often, clementary teachers take only one course
in mathematics, approaching it with trepidation and
leaving it with relief. Such experiences leave many
elementary teachers totally unprepared to inspire
children with confidence in theii own mathematical
abilities. What is worse, experienced elementary
teachers often move up to middle grades (because of
imbalance in enrollments) without learning any more
mathematics.’"#0

To address these issues, a special tabulation was pre-
pared of course-taking data for teachers of science and
mathematics. These teacher preparation data—taken from
the 1985-86 National Survey of Science and Mathematics
Education—were compared with the preservice standards
recommended by the National Science Teachers Associa-
tion (NSTA) and the National Council of Teachers of Math-
ematics (NCTM).#

Elementary School Teachers. NSTA has recommen-
ded that elementary teachers have at least one course in
each of the three major areas of science—biological/life,
physical, and earth/space—along with a course devoted
to methods of teacking science. While large proportions of
the elementary school teachers of science in the 1986 Na-
tional Survey had taken at least one course in methods of

¥AAAS (1989), p. 13,
“ONRC (1989), p. 64.
Y'Weiss (1988a) and (1988b).
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teaching science (88 percent), biology (86 percent), the
physical sciences (72 percent), and the earth/space sci-
ences (44 percent), only 34 percent meet all of NSTA's
recommended standards. (See appendix table 1-33.) Five
percent of the teachers responsible for instruction of
elementary science have had no college coursework in
science; another 17 percent have had only one college
science course; in most cases, this was a course in biology.

NCTM recommends that elementary teachers of mathe-
matics have at least one course each on (1) number systems
through the rational numbers; (2) informal geometry in-
cluding measurement, graphing, geometrical construc-
tions, similarity, and congruence; and (3) methods of
teaching mathematics.®? While nine-tenths of elementary
school teachers of mathematics have completed a course
in mathematics for elementary school teachers, and an
equal percentage have had a course in methods of teaching
mathematics, less than one-fifth have completed an ap-
propriate geometry course. (See figure 1-19.) Only 18 per-
centof elementary school teachers of mathematics meetall
of NCTM's recommended standards. (See appendix table

*2For the purposes of these analyses, any teacher who has completed a
course in mathematics for elementary or middle schuol teachers, a course
in geometry for elementary or middle school teachers, and a course in
methods of teaching mathematicsis considered to have met these require-
ments.

_' . Figure 1_-1-9.

Parcqntag_e of alome_nta;y_teachgrs who_'h_a_v_e; ever completed selected college éou_ms In mat

1-34.) Atthelow end of the scale, 8 percent of these teachers
have had no more than one of the three recommended
courses.

Middle/Junior High School Teachers, NSTA has taken
the position that teachers of science at the middle school
level should be prepared as science generalists rather than
as specialists in a particular science discipline. NSTA rec-
ommends that these teachers have a minimum of 36
semester credit hours in science, with at least 9 hours each
of life, earth, and physical sciences, as well as a course in
methods of teaching science. About two-thirds of all
teachers of science in grades 7-9 meet the credit hours
requirement;** however, only 22 percent have the spe-
cified distribution of science courses. (See appendix table
1-35.) An additional 2 percent meet the science standards
but have not had a course in science teaching methods.

NCTM recommends that middle school teachers of

miathematics have college coursework in five areas of math--

ematics (calculus, geometry, abstract algebra/number
theory, applications of mathematics, and probability and
statistics), computer science using a high-level program-
ming language, and methods of teaching mathematics.
Only 14 percent of grades 7-9 teachers of mathematics fully
meet these standards. (See appendix table 1-36.)

“Since most science courses are either 3 or 4 credit hours, the 36-hour
recommendation by NSTA is roughly equivalent to 11 science courses.
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High School Teachers. According to NSTA, secondary
science teachers should have a minimum of 50 semester
credit hours of coursework in science, with at least 32
hours (eight courses) of specifically designated courses in
their area of specialty. Although a relatively high number
of biology teachers meet the requirement of eight courses,
only 29 percent of these teachers meet all of the NSTA
recommendations. This is, in most cases, because they lack
one or more of the specific biology courses listed. Similar-
ly, less than one-third of the chemistry teachers, and only
12 percent of physics teachers, meet the full NSTA stan-
dards. (See appendix table 1-37.)

According to NCTM guidelines, high school mathematics
teachers should have an extensive math background, in-
cluding three courses each in calculus, linear algebra, ab-
stract algebra, college geometry, probability and statistics,
applications of mathematics, history of mathematics, as
well as other upper-level coursework (e.g., applied math-
ematics from either classical continuous fields or the
emerging discrete fields of mathematics). NCTM also rec-
ommends coursework in computer programming and
methods of teaching mathematics. A total of 54 percent of
grades 10-12 mathematics teachers come close to meeting
these standards, typically lacking only one or two of the
recommended mathematics courses and/or a course in
computer programming. However, only 15 percent of sec-
ondary school math teachers meet all of the NCTM stan-
dards. (See appendix table 1-38.)

Professional Development of Teachers. Based on the
inadequacies noted in science and mathematics prepara-
tion alone, there is considerable need for additional train-
ing of teachers. Mureover, the 1986 National Survey noted
that from one-quarter to one-half of teachers had not taken
a course in the subject they teach in the 10 years prior to
the survey. (See figure 1-20.) Also, while many teachers
participate in professional meetings, workshops, and con-
ferences related to the subject they teach, the amount of
time they devoted tc these professional development ac-
tivities was typically fewer than 6 hours during the pre-
vious 12 months.#

Teacher Supply and Demand

Over the past several years, numerous studies have
pointed to a shortage of adequately trained teachers of
science and mathematics, predicting that shortages will
becomeworse over timeas enrollmentsriseand the supply
of new teachers falls.* Educational leaders have tried to
respond to these conditions through such measures as
differential pay for teachers in shortage areas (including
science and mathematics), salary increases for teachers
across all fields, and tuition support for teacher training
and retraining, For example:

¢ The Houston school disirict provided incremental
pay for all teachers designated in shortage categories
from 1982 to 1987. Mathematics, science, and bilin-

“Weiss (1987), p. 113,
BNRC (1987).
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Figure 1-20.
Teachers with no college coursework in past 10
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gual teachers were awarded the highest annual incre-
ments.

¢ New mathematics and science teachers were given
higher initial salaries in Dade County, Florida.

¢ Salary contracts in Boston, Detroit, and Hartford con-
tain provisions that allow new teachers in shortage
areas to be paid more than their current experience
would dictate.*

The 1985-86 National Survey of Science and Mathe-
matics Education asked principals to report on thedifficul-
ty of hiring qualified high school teachers.?” The results
show that over half the principals in the national sample
said that their schools had trouble hiring fully qualified
teachers in physics, chemistry, computer science, raathe-
matics,and foreign languages. (See figure 1-21.) Rural high
schools were more likely than suburban schools to ex-
perience difficulty in recruiting qualified mathematics,
biology, earth science, special education, and general sci-
ence teachers. This difficulty was especially apparent in
certain subjects. In biology, for example—which s offered
by nearly all high schools—half of the rural school prin-
cipals said they had difficulty recruiting teachers versus
only 13 percent of suburban school principals.

Career Paticius of 'L eachers, by Teaching Specialty

Until recently, very little has been known about teacher
career patterns. How long does the average teacher stay in
the teaching profession? How many teachers return to
teaching after a career interruption? Do career patterns
differ by teaching specialty? Recent research has attempted

“Darling-Hammond (1988).
YWeiss (1987).
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Figure 121,
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to address these questions.® In these investigations, the
career patterns of beginning teachers were tracked in three
states (Michigan, North Carolina, and Colorado) as follows:

* During their initial employment—i.e, the first spell;
and

* In cases where teachers left the field and returied to
a teaching position at a later time, during this second
period of employment as a teacher—i.e., the second
spell.

The research revealed that attrition rates differ signifi-
cantly for teachers with different subject matter specialties.
In Michigan, for example, chemistry and physics teachers
were more likely to leave teaching after only a few years
in the classroom than were teachers inany other specialty.
In fact, only 45 percent of the physics teachers, and 49
percent of the chemistry teachers, were still in the class-
room 6 years after they started teaching, In contrast, by the
end of £years, 61 peieniof historvteachers and 42 percent
ui biviugy teachers were still in the classroom.%

In all three states, high school teachers have shorter
first-spell lengths than do elementary school teachers. (See
aﬁpendix table 1-39.) And, among high school teachers,
chemistry and physics teachers have shorter average first-
spell lengths than teachers of other academic subjects. In
both North Carolina and Michigan,® the average begin-

*“*Murnane and Olsen (1989),

“Murnane (1987),

¥Chemistry and physics teachers cannotbe distinguished from biology
teachers in the Colorado data.
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ning teacher of chemistry and physics spent less than 5
yearsin theclassroom, versusan average of around 7 years
for teachers of social studies and mathematics.

In terms of those who return to teaching after a career
interruption, chemistry and physics teachers again have
the largest rates of attrition. Only 16.3 percent of the chem-
istry and physics teachers in North Carolina, and 14.6
percent of those in Michigan, returned to the classroom
after initially teaching less than 6 years, compared with
22,6 percent and 22.5 percent, respectively, of the social
studies teachers in each state. (See appendix table 1-40.)

Thus, chemistry and physics teachers have the shortest
teaching careers. Not only do they leave teaching earlier
than do teachers of other subject specialties, they are also
less likely to return. This pattern suggests that, because of
their higher rates of attrition, teachers of chemistry and
physics will be in greater demand than other subject mat-
ter teachers in the future. And while teachers returning to
the classroom will probably continue to be a significant
souree of {uture swpply in some areas (e.g., elementary
school teaching), they probabiy will not constitute a major
source in chemistry, physics, and mathematicg,5!

EDUCATION REFORM MOVEMENTS

The continuing current high level of Federal and state
policy concern with the performance of America’s school
children in science and mathematics was underscored by
the unprecedented and widely publicized “Education

*Murnane, Singer, and Willett (1988),
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Summit” in September 1989, at which the President met
with the governors of 49 states to endorse coordinated
Rolicies to improve precollege education.” This section

ighlights the various ongoing initiatives occurring at the

 state level to improve education quality.

State Reform Movements

During the 1980s, while various prestigious national
commissions gathered to study the shortcomings of Amer-

=" ica’s schools and to make recommendations to improve

their performance, states also engaged their own review
panels. Between early 1982 and mid-1983, states initiated
130 commissions or task forces to look at their own educa-
tional practices. By 1984, as many as 290 high-level state
commissions were studying the quality of public educa-
tion. The Education Commission of the States reported
that many states had separate commissions working at the
behest of the governor, state legislature, and the chief state
school officer.® Findings, and the proposed and/orimple-
mented solutions these findings have generated, are de-
scribed in the following paragraphs.

Reforms in Student Preparation. Inthe area of student
preparation, reforn activities have been undertaken in

52Gee New York Times (1989).
$3Kirst (1987).

";ilgl.;f.é 1-22.

“(Years of required coursework). -

setting curricular guidelines and raising curricular re-
quirements for high school graduation and, at the elemen-
tary school level, raising the amounts of time devoted to
science and mathematics instruction. Also, there is in-
creased concern with assessment of student skills,

Although there is a great deal of variation from state to
state, influence is generally exerted over the content of
science and mathematics instruction through curricular
frameworks, guides, textbook selection, and statewide as-
sessment. Forty-seven states have curricular guidelines in
science and mathematics: 27 states have recommended
guidelines and 20 have required guidelines.>

Forty-six states raised curricular requirements in scietv -
and mathemat. 's at the high school level during
1980s.5 By 1986, the average number of years of cows::
work required in .:ience was 1.8 for public schools and 2.5
for private schools; comparable data for mathematics were
1.9 and 2.8 years. For both science and mathematics, the
amount of coursework required is still short of the three
credits recommended by the National Commission on
Excellence in Education. (See figure 1-22.)

At the elementary school level, 25 states have recom-
mended minimal amounts of time that should be devoted
to science and mathematics instruction. At the lower ele-
mentary level, the range is from 20 to 30 minutes per day;

*Moyer (1987), p. 1.
$Capper (1988), p. iv.
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in upper elementary grades, the recommended amount is
from 35 to 45 minutes per day. The recommendation for
mathematics is approximately 15 minutes per day more at
each level.

Almost every state has a statewide testing program of at
least one grade level, primarily assessing basic skills of
mathematics and reading or language arts. Assessment
programs are growing, howeves, and 30 states now assess
students’ science knowledge anc! skills and 43 assess math-
ematics cutcomes.*

Reforms in Teachers and Teaching. When asked to
identify major problems that their states face in improving
science and 1. athematics instruction, the majority of state-
level policymakers point out concerns dealing with teach-
ers and teaching.% Thirty states indicate a concern about
teachers’ understanding of science subject matter content
and theability to teach scienceso thatstudents—especially
young students—will comprehend scientific methodol-
ogy. One need identified was that “elementary teachers
need to more fully understand the use of hands-on, in-
quiry, and activity approaches in teaching science.”

Teacher shortages is anotherissue of concern among the
states—37 states reported a shortage of teachers in terms
ct either quality or quantity.®® Other teacher issues in-
cluded:

* Tendency of teachers to depend heavily on textbooks
in teaching science and mathematics,

® Lack of adequate preservice preparation, and

® Lack of funding for staff development and teacher
salaries.

Regulation of the amount of science and mathematics
course-taking required of prospexctive teachers varies con-
siderably fromstate to state. Requirements are particularly
low for prospective teachers of elementary grades. Ap-
proximately one-quarter of the states have no science or
mathematics credit requirements fcr elementary-level
teachers. Most states have course requirements in science
or mathematics for middle/junior high school teachers
(generally ranging between 12 and 36 semester credit
hours in science or mathematics), but an occasional state
has none and several leave this decision to the institutions
offering certification programs, At the senior high level,
almost al! states have rather detailed specifications of re-
quired science or mathematics course work. One-half of
the states do not require that secondary teachers take
coursework in methods for teaching science or mathe-
matics.”

Higher-order thinking skills (i.e,, the ability to infer
relationships and draw conclusions and to solve multi-
step problems) are of particular concern to many educa-

*Ibid., p. v.

¥ Armsirong, et al,, (1988), p. 11.

*Moyer (1987), p. 12.

¥Lack of funding was reported by 39 states as a major issue. Half of
these states specifically cited lack of funding for materials and updaling
laboratories as a major problem.

“Capper (1988), p. vi.

tional policymakers, and most states report activity in this
area. Some states promote the teaching of higher-order
thinking skills through staff development. For example,
some states sponsor annual conferences for science and
mathematics teachers on incorporatit,g problem solving
into their teaching. Some states have held in-service train-
ing programs statewide to promote the teaching of these
skills, while others include these skills in their assessment
programs. In still other states, higher-order thinking skills
underlie and are thebasis for their curriculum guidelines.!

New Institutional Arrangements, Only a handful of
states provide sole support for magnet or residential
schools that specialize in subject area study. Special
schools are more often supperted through private organi-
zations or through a combination of resources. Fifteen
states report sponsoring, at least in part, schools that focus
on science; two more states say that they are considering
or proposing a special, science-oriented school. Twelve
states report having special schools that focus on mathe-
matics; one state is currently proposing, and another cur-
rently developing, such a school. Some states report hav-
ing more than one special school.¢2

The movement toward administrative and political de-
centralization of large urban public school systems, such
as the Chicago system, will no doubt have a significant
impact upon educational practice—including science and
mathematics teaching. It is too soon yet to discern the
details of the effects.

Impact of State Reforms on Local Schools

For state efforts at improving science and mathematics
learning and achievement to be successful, they must be
effectively implemented in local educational districts and
schools. Two recent projects—one conducted by the Ed-
ucation Commission of the States (ECS), the second by the
Center for Policy Research in Education (CPRE)—have
studied the effect of state policies on local science and/or
mathematics curricula. Study findings are described be-
low.

The ECS project studied the local impact of various state
policies designed to improve science curricula—e.g,,
adoption and improvement of state curriculum guide-
lines, selection of instructional materials, increased grad-
uation requirements, increased instructional time. higher
teacher certification requirements, assessment of stadent
achievement, and evaluation of teaching. The study was
conducted in California, Michigan, and Virginia as these
states (1) encompass various mixes of policies and (2) form
a continuum of state versus local control of education.®®

The study found considerable evidence of positive im-
pacts of state policy initiatives, but these were not uniform

*'Moyer (1987), p. 2.

“Ibid., p. 5.

“'Armstrong, et al., (1988). Within each state, researchers interviewed
personnel in four school districts as well as in the respective state depart-
ment of education. They visited three schools in cach district, interview-
ing central office staff, principals, and teachers. These interviews became
the basis of case studies and cross-site analyses.
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across states or districts. Among the 12 districts studied in
depth, classroom impacts were detected in 8. At these sites:

® Increased time and emphasis were given to science
instruction—especially in elementary school classes,

¢ Teachers madeincreased use of scientific experiments
as instructional devices,

® Instructional materials were more available and of
higher quality, and

® Instruction was better coordinated among grades.

Impacts were even more apparent at the district level in
terms of official curriculum revisions, the content of in-ser-
vice training sessions, and the adoption of textbooks. In
districts where the implementation of state initiatives was
successful, the researchers found strong leadership, cen -
tralization of curriculum revision, discretionary resources
for materials and teacher training, science specialists at the
district or school level, and attention paid to monitoring
the implementation process.

In some districts (more than half of those in Michigan
and Virginia), state science policies were apparently not
adopted and consequently had no impact on classroom
instruction. On-site visits to four districts in which impacts
were generally absent provided a range of explanations,
including the existence of unusually high-quality pro-
grams prior to the adoption of new state trameworks, a
high degree of state autonomy, and rejection of state pol-
icies or. philosophical grounds.

The CPRE study concentrated on high school gradua-

tion requirements.® Interview data on the intent and ef-
fects of these requirements were gathered in 4 states, 13
districts, and 19 high schools. Comparis ans were made of
graduation requirements in the core academic subjects of
English, mathematics, science, and social studirs.

The study findings showed that affluent scnools and
districts, which typically enroll large numbers of rollege
preparatory students, were relatively unaffected by the
reforms, usually because they already had graduation re-
quirements that equaled or exceeded those mandated by
the state. This applied to 4 of the 13 districts studied; these
all tended to be affluent, suburban, and white.

Where district/school graduation requirements were in-
creased, this generally resulted in the addition of mathe-
matics and science courses. Out of 19 schools, 17 reported
additions of mathematics and 16 reported additicns in
science. Moreover—while ‘he ECS study found that
hands-on activities were increasing in elementary school
classes because of state reforms~—the CPRE study found
that, at the high school level, the courses added were
overwhelmingly of the basic, general, or remedial type.
This suggests that the impact of the reform initiatives was
largely on middle- and low-achieving students. Of the 17
schools adding mathematics classes, 15 reported additions
of basic, remedial, or general courses; this was true of 14
of the 16 schools adding science sections.

Thus, it appears that approximately half a decade after
the implementation of a wave of state education reforms,
their impact on science and mathematics instruction is
yielding mixed results. Change is clearly under way; how
far these changes will go, however, remains to be seen.

%Clune (1988).
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Higher Education fci Science and Engineering

HIGHLIGHTS

. Between 1970 and 1987, institutions of higher edu-
.., cation have increased in number and size.

* Considerable growth was experienced by institutions offering

. thescience and engineering (S/E) degree at some level, Of the

~ total 650 new institutions, about 400 offered the S/E

- degree at some level and about 70 awarded the science
“'= . or engineering Ph.D. The most growth overall (in terms

- of all degree levels) was experienced in “comprehen-
sive” institutions, which award relatively few S/E
Ph.D.s, but considerable numbers of S/E baccaluureates
and master’s degrees. (See pp. 47-48.) .

® Ph.D.~granting institutions also award relatively high per-
centages of lower level S/E degrees. While some 307 institu-
tions offered the Ph.D. in 1986, 95 percent of all S/E
Ph.D.s were awarded by 205 institutions, These same
205 also awarded 53 percent of the S/E baccalaureates
and 72 percent of the S/E master’s, (See p. 48.)

" Freshmen continue to display declining interest in

some S/E fields.

® Fewer freshmen plan majors in engineering or computer sci-
ence. Between 1982 and 1987, the percentage of freshmen
planning undergraduate degrees in engineering fell
from 22 percent to 17 percent among men and from 4
percent to 3 percent among women. Both genders com-
bined displayed declining interest in computer science
majors, from 4 percent in 1982 to 2 percent in 1987.
Interest in the physical sciences as a major has not
changed. In contrast to these indicators, freshman full-
time enrollments in engineering baccalaureate
programs increased in 1968 for the first time in 6 years
by about 2,500 students. (See pp. 49-51.)

Graduate S/E enrollments of U.S. citizens have not
grown since 1986, while those of foreign citizens
continue to inciease.

® In 1987, the long-term trend of increasing graduate enroll-
ments of U.S. citizens in science and engineering programs
halted, and these enrollments remained flat in 1988. Fields
experiencing absolute declines in U.S, citizens included
engineering and the physical and environmental scien-
ces. (See pp. 52-53.)

Enrollment of graduate students from abroad increased in
virtually all fields in 1988, continuing a long-term trend. In
engineering, nearly 5 of every 10 students is a non-U.S.
citizen, and 4 of 10 in the mathematical and computer
sciences are from abroad. Since 1986, the entire increase
(about 9,000 students) in graduate enrollments in S/E
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programs was accounted for by enrollments of non-U.S.. -
citizens. (See p. 53.) L

U.S. institutions continue to award more S/E
Ph.D.s, especially to foreign citizens and to U.S.
women, G

® Total S/E Ph.D.s awarded in 1988 iricreased by 945 degrees
over 1987, U.S, citizens accounted for one-third of this
increase, halting a declining trend over the decade. En-
gineering showed the strongest gains among US. citi-
zens, (See p. 53.) oL

® Women ULS. citizens continue toearn increasing proportions -
of S/E Ph.D.s. Among U S. citizens, they earned 32 per-
cent of S/E Ph.D.s in 1988, up from 17 percent in 1975,
gnc)l wereawarded 52 percent of non-S/E Ph.D.s. (See p.
5. e T
® Foreign cilizens on temporary visas continue to earn increas-
ing proportions of ULS. SE Ph.D.s. Foreignets on tem-
porary visas earned 40 percent of engineeringand math- -
ematics Ph.D.s and 24 petcent over all S/E fields. (See p--

55.)

Patterns of support for graduate S/E students have. -
changed over the decade. S

® Non-Federal sources of support for graduate S(E study have .
increased faster than Federal sources. However, the total - -
number of students reporting mainly Federal assistance -
in their graduate S/E st 1dy in 1988 increased 4 percént
over 1987. (See pp. 56-57.) o

® Institutional sources of support have grown \most strongly .~ -
throughout the decade. In 1988, about 44 percent of grad- -
uateS/E students reported institutional support as their . -
main source of support, versus 40 percent in 1980. (See
pp- 56'57-) V l

® Research assistantships have become the dominant mech-
anismof support. Growth iriresearch assistantshipsas the
primary support mechanism has been about 5 percent
per year since 1980. This mechanism of support now
outnumbers all other support types, including “self- -’
support.” (See p. 57.)

More scientists and enginecers employed on the '
Nation’s campuses report rescarch as their rimary -
work activity. They are also clder and hold higher *

rank, overall, than earlier in the decade.

® Increases in “research intensiveness” on the Nation's cam-
puses are evident since 1981. This increase in research
intensiveness, as opposed to teaching, was particularly -3%i-
strong in engineering, where 33 percent of the doctoral 3%
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engineers in 1987—versus 23 percent in 1981—reported
research as their primary work activity. (See pp. 58-59.)

¢ LS. S/E faculties hold higher ranks and have increased in
average age. The percentage of faculty holding full pro-
fessorships reached as high as 58 percent in the physical

This chapter discusses indicators of higher learning in
science and engineering (5/E). These indicators are
grouped into five general topic arcas:

¢ The institutions that offer S/E degrees in the United
States, with measures showing how the mix of these
institutions has changed over the past few decades
and which types of institutions offer S/E degrees at
different degree levels and in different S/E fields;

¢ Information on students in these institutions, includ-
ing limited data on undergraduate enrollments and
plans for an $/E maujor, and more extensive coverage
of graduate enrollments in S/E fields by various stu-
dent subgroups;

® Recent S/E degrees awarded by these institutions,
with trends in Ph.D. awards through 1988;

¢ Changes in how U.S. S/E graduate students finance
their education; and

® Data on faculties in S/E higher education.

For the first time in the Science & Engineering Indicators
series, the chapter opens the discussion of S/E higher
education with an overview of the institutions in which
this learning occurs. A recent reclassification of the 3,100
colleges, universities, and specialty schools in the United
States permits tracking the changes in their different roles
in S/E education since 1970, The distinct educational roles
of the various categories of institutions become clear as
groups of institutions are compared in terms of the levels
and ficlds of S/E degrees they award.

Undergraduate enrollments in engineering programs
and surveys of freshmen as they enter higher education
are used as indicators of aspirations and intentions to
obtain a science or engineering degree. The chapter then
turns to data on S/E graduate enrollments in doctorate-
granting institutions.

Degrees in science and engineering fields are indicators
of achievement in learning, and these are the subject of the
third section. The discussion pays particular attention to
Ph.D. attainment among population subgroups and by
U.S. citizens. as a whole, reflecting ongoing concern of
policymakers about these trends. For the first time in this
series, this chapter separates out U.S. citizen Ph.D. earners
by gender and racial/ minority groups.

Financial support of students in S/E higher education is
an indicator of the value society places on these endeavors,
and the different sources and ‘nechanisms of S/E graduate
student support ase the subject of the following section.
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sciences and 55 percent in engineering. These were also
the fields with the highest proportions of teaching staff
over the age of 50 in 1987, though all S/E fields have
experienced declining proportions of younger faculty
members since 1977, (See p. 59.)

The chapter concludes with indicators of the faculties
wiwi teachand guide these students. These indicators con-
cerning the professoriate are largely restricted to its teach-
ing functions and general population characteristics; chap-
ter 5 covers its research activities.

INSTITUTIONS IN S/E HIGHER EDUCATION

The approximately 3,100 institutions of higher educa-
tion in the United States do not play equal roles in science
and engineering education and research.! For example, in
some fields, degrees awarded at the baccalaureate, mas-
ter’s, and Ph.D. levels are more concentrated in the Ph.D.-
granting institutions than in other fields. Also, the number
of institutions has expanded over the past two decades,
and individual schools have developed into different
types of schools as they have increased their program
offerings to mect the demands of the growing student
population.

A widely used classification of colleges and universities
has been developed by the Carnegie Foundation for the
Advancement of Teaching (1987).2 The Carnegie classifica-
tions wereinitiated in 1970 and revised slightly in 1976 and
1987. They thus can be used to track changes over time in
the general structure of the U.S, higher educational system
as well as in individual institutions, including the relative
roles of different institutional types in awarding S/E de-
grees.?

The foundation’s classification scheme is based on a
combination of factors, including:

¢ Amount of Federal support,

¢ Numbersand levels of degreesawarded and numbers
of programs awarding such degrees, and

¢ An index of institutional “selectivity’’ (for the liberal
arts institutions) developed from a number of mea-
sures.

Institutional Change Since 1970

Between 1970 and 1987, about 650 new institutions of
higher education werg established in the United States,

'"This section focuses on the various educational roles plaved by these
institutions. For discussions of their respective research and development
activities, see chapters 4 and 5.

*The universe of institutions classified are those canvassed by the
Higher Education Ger.ral Information Survey of the National Center for
Education Statistics, U.S. Department of Education.

'See Carnegie Foundation for the Advancement of Teaching (1987) for
asimilar discussion of institutional types broken out by tota! carollment
trends.
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bringing the total to about 3,100 institutions. (See appendix
table 2-1.) Of these, approximately 2,400 offer an S/E
degree at some level—i.e., froma 2-year (associate) degree
to the doctorate.

In discussing the roles of these institutions in awarding
S/E degrees and how these roles have evolved since 1970,
three aspects of change must be considered:

® Increases in the number of institutions awarding S/E
degrees;

* Growth in the total number of institutions, especially
at lower degree levels; and

® Expansion of institutions’ programs, leading to sub-
sequent reclassification.

During the period 1970-86, the number of institutions
awarding the S/E Ph.D. increased by about 70 schools. By
1986, 300 institutions (13 percent) awarded S/E Ph.D.s.
Half of this increase was accounted for by “comprehen-
sive’” and “other” schools, which offer relatively few
Ph.D.s. (See appendix table 2-1.) In addition, the “doc-
torate-granting” classification grew by 35 universities
over the 16 years; this primarily refiected the movement of
comprehensive institutionsinto this category through pro-
gram expansion and proliferation.

Much larger growthwas experienced in the group iden-
tified as comprehensive institutions. One-hundred fifty
schools were added to this category between 1970 and
1986 in response to several developments in higher educa-
tion, including:

¢ Growth and expansion of programs in schools for-
merly identified as “liberal arts,” and

* Growthof large statewide higher educational systems
itt the 1970s.

Comprehensive colleges may award few doctorates (see
appendix table 2-2), but they produce large numbers of
S/E baccalaureate and master’s degrees.

The number of colleges in the liberal arts category that
award S/E degrees has shrunk slightly—from 570 in 1970
to 532 in 1987—largely due to expansion of their programs
and subsequent reclassification. This group of schools in-
cludes both nationally well-known, highly selective liberal
arts colleges as well as a large group of colleges oriented
to local industries and continuing education. About 10
percent of these schools offer master’s degrees in one or
more S/E fields.

The rapid expansion of 2-year colleges offering the as-
sociate degree is evident in appendix table 2-1. Over 200
of these colleges offering a technical degree were estab-
lished between 1970 and 1986, bringing their total to 826
institutions.

“Specialized” schools offering a science or engineering
degree doubled in number between 1970 and 1986. Most
of these schools are in the health sciences.

S/E Degree Awards in 1986

A cross section of the 1987 Carnegie institutional clas-
sification, broken down by numbers and levels of S/E
degrees granted in 1986, underlines the different roles of

the institutional types in the science and engineering pipe-
line. Increasingly large proportions of all S/E degrees are
granted by the 205 doctoral institutions (though some 307
insti*utions overall awarded S/E Ph.D.s). These 205 in-
stitutions grant almost all (95 percent) of the Ph.D.s, over
half (53 percent) of the baccalaureates, and almost three-
quarters (72 percent) of the master’s degrees in scienceand
engineering. (Seeappendix table2-2.) Doctoral institutions
also award 7 percent of all S/E associate degrees. Most of
these latter, however, are granted by community colleges
which, in 1986, awarded 77 percent of these 2-year degrees.

While liberal arts colleges constitute 37 percent of the
institutions granting S/E baccalaureate degrees, they
awarded only 9 percent of these degrees in 1986. These
schools granted 1 percent of the master’s and 2 percent of
the associate S/E degrees.*

Institutional Classification and Degree Field

The roles of different classifications of institutions vary
across broad S/E fields. (See appendix table 2-3.) For ex-
ample, liberal arts colleges award few engineering bach-
elor’s degrees (2 percent of the total in 1986). Engineering
degrees at all levels are more often awarded by doctoral
institutions, though the comprehersiveinstitutions confer
26 percent of engineering baccalaureates and 13 percent of
the master’s degrees. (See figure 2-1.) Finally, a small
group of specialized institutions award about 6 percent of
engineering baccalaureates and 3 percent of the master’s
degrees.

In contrast to their negligible role in engineering educa-
tion, liberal arts colleges grant 12 percent of science bacca-
laureates, reaching 17 percent in the physical sciences and
14 percent in psychology. Thecomprehensive collegesalso
grant relatively more science than engineering degrees (37
percent of science bachelor’s, and 27 percent of science
master’s, degrees). Comprehensive institutions also pro-
duce relatively high percentages of mathematics and com-
puter science degrees: 44 percent of the combined bach-
elor’s and 29 percent of master’s.

THE S/E STUDENT POPULATION
Changing Demographics

The size of the U.S. population groups normally attend-
ing institutions of higher education is declining. For ex-
ample, 18- to 21-year-olds—the traditional undergraduate
student cohort—have been declining in number since
1981. (See appendix table 2-4.)

Decreases in the indicators discussed here may reflect
this changing size of ihe relevant population group; they
might also reflect changing choices of individuals. Thus,
attention should be paid to changing rates as well as to
absolute measures.

For example, the data in appendix table 2-4 show that
there is not a continuous direct relationship between

‘See NSB (1987), pp. 47-48, for a discussion of the major role these
institutions play in producing baccalaureate recipients who go on to earn
S/EPh.Ds.
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demographic trends and eunrollment in colleges and Freshman Plans

universities. Enrollments of 18- to 21-year-olds have not
declined as rapidly as the size of that population group;
thus, the college-going rate of the group has increased
overall® Consequently, the observations in this section are
based on trends over time and not on annual fluctuations.
These increases, especially among women (both black and
white), have helped compensate for the decline in the
cohort size to keep enrollments high at U.S. colleges and
universities Also, growing proportions of U.S. high
school graduates overall pursue higher education, a trend
that has been sustained for at least a decade. (See figure
2-2)

Indicators for certain population subgroups contrast
with the overall trend. Black males aged 18 to 21—after
increasing their college enrollment rates by about 5 per-
centage points from 1980 to 1985—more recently have
failed to increase alongside the overall cohort; they may
actually have begun to decline. Likewise, attendance rates
of 18- to 21-year olds of Hispanic origin show little, if any,
increase. (See appendix table 2-4.)

*As estimated in the U.S. Bureau of the Census’ Current Population
Survey (CP’S) conducted each October. CI’S is a survey of approximately
60,000 houscholds, covering about 125,000 people and 8,000 college
students. Some of the detailed categories in these data are necessarily
small, and trend data based on them are subject to considerable year-to-
year fluctuations.

“Significant differences in these trends are likely to exist among indi-
vidual institutions, across fields, and in various geographic regions.

¥

Engineering Enrollments. Most undergraduates plan-
ning a degree in the sciences need not declare their major
field until the second or third year of study. In contrast, the
engineering bachelor of science is a 4- or 5-year profes-
sional curriculum starting in the freshman year; head-
counts of students in these programs provide early in-
dicators of freshman plans. Surveys by the Engineering
Manpower Commission provide trend data on the full-
and part-time enrollments in both baccalaureate and
shorter programs.”

In the fall of 1988, approximately 346,000 students were
enrolled full time in an engineering baccalaureate pro-
gram. (See appendix table 2-5.) Freshman full-time enroll-
ments in the 4- and 5-year programs, after decreasing for
5 years, increased in 1988 by about 2,500 students. (See
figure 2-3.) Total part-time enrollments in these programs
also increased. Since some of these part-time students are
midcareer and may be returning to class for specific cour-
ses only, it is unclear how many of these students intend
to obtain a degree. In 1988, part-time enrollments were 11

"American Association of Engineering Socicties (1989). The data on
engineering programs are from 4- and 5-year programs approved by the
Accreditation Board of Engincering and Technology (ABET). Upon suc-
cessful completion of these programs, the student receives a bachelor of
engineering degree or, in the case of the 5-year programs, an engineering
professional degree. Engineering technology enroliments, in contrast, are
usually in 2-year programs terminating in an associate degree, but some
of these programs also include 4-year study. Data on engineering tech-
nology enrollments in appendix table 4-5 ar: from all programs, not just
ABET-approved programs.
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percent of full-time enrollments, and this ratio has hardly
changed over the decade.

Enrollments by freshman blacks increased from 5,800 to
6,100 from 1986 to 1987, and total black undergraduate
enroliment increased from 16,800 to 17,300.* Hispanics,
too, increased their freshman enrollment in engineering
curricula from 4,300 to 4,500 and from 16,300 to 17,100
overall. Students of Asian origin increased 10 percent
among engineering freshmen (to 7,100) and 12 percent
overall (to 30,100).

Engineering Technology Enrollments. Full-time enroll-
ments in engineering technology programs—at both the
associate and bachelor’s levels—declined throughout the
1980s. (See appendix table 2-5.) However, part-time enroll-
ments in these programs have shown recent growth, pos-
sibly reflecting increasing midcareer study. The growing
number of engineering technology programs (from 200 in
1985 to 310 in 1988) suggests that schools are developing
programs to accommodate students who cannot study full
time.

*The data in this paragraph are from Ellis (1988).

The 1987 Freshman Class.’ Declining enrollments in
engineering are being driven not only by decreases in the
size of the 18-year-old population but also apparently by
reduced interest in the field among students in successive
freshman classes. Between 1982 and 1987, the percentage
of freshmen planning a baccalaureate in engineering de-
clined from 12.6 percent to 9.4 percent. (See figure 2-4.)
Both male and female interest in engineering majors is
falling: among men, from 22.3 percent in 1982 to 17 percent

°Latain this section are from the University of California at Los Angeles
(UCLA) Cooperative Institutional Research Program, which each fall
surveys entering freshmen on various characteristics and their future
plans. Excluded from this survey are part-time freshmen and students
who have previously attended college for credit. The data also exclude
students at semiprofessional and proprietary schools, as well as those at
certain very small schools, Data here are from UCLA (1982-87), or—when
50 cited—special unpublished tabulations. (In the latter case, only fresh-
men at 4-year colleges and universities are included.) For a complete
description of the survey methodology, see any of the UCLA volumes.
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in 1987, and among women from 3.6 percent to 2.7 per-
cent.!0

Freshman plans {or a major in computer science have
also fallen, dropping from 4.4 percent in 1982 to 1.6 percent
in 1987 (both genaers combined). (See text table 2-1.) In-
creases in both the biological sciences and social sciences
as planned majors have been noted in the UCLA surveys.
(See footnote 9.)

In the nonscience fields, business has remained the ma-
jor of choice for about 25 of every 100 freshmen since 1982;
the arts and humanities, however, have increased as a
major choice, rising from 8.2 percent in 1982 to 11.3 percent
in 1987. Student plans also indicate a trend noted in Science
& Engineering Indicators—1987:" over all fields, more fresh-
men are planning to study longer and obtain a higher
degree. (See text table 2-1.)

When freshmen planning science or engineering de-
grees are broken down by broad field categories, differ-
ences emerge on self-reports of high school grade point

"*Data on freshman plans for engineering majors from another source,
the Admissions Testing Program of the College Board, are reported in
Lane (1988).

INSB (1987), p. 41.

,.
LT od
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averages (GPA), aspirations to the Ph.D., and career plans.
(See figure 2-5.)' For example, less than one-third of stu-
dents planning degrees in the environmental, computer,
and social sciences reporta high school GPA of ““A,”” while

2NSB (1985), pp. 96-100.
Figure 2-5.
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Text table 2-1. Freshman plans
1982 1983 1984 1985 1986 1987

.....

Percent ----——=——
Highest degree planned
PhD.orEBdD.........co i 82 B85 92 92 97 132
Masters ... e 305 304 312 316 33.0 39.2
Bachelor's .....vovviiiii i e 383 36.5 376 382 368 316
Probable major
Biological sciences ...............ciiin 37 38 42 34 39 44
Engineering .....ooiiii i i i e 126 11.7 11.0 107 109 94
Physical sciences' ......... .. o i, 25 25 26 24 24 26
Soclalsciences .......iii it 58 6.1 67 76 8.0 10.1
Computersciente ..........covviieiiiennny 44 15 34 23 19 16
BUSINESS ...ttt i e e 242 244 264 268 269 257
Education ... i i e 60 60 65 71 81 88
Arts and humanitles ................. ... g2 79 77 83 90 113
Oneofthepirfessions ..................... 13.3 144 141 129 11.7 107
Probable career occupation
Computer programmeror analyst ............. 88 85 61 44 35 24
Scientificresearcher ..............co.it 15 15 15 14 14 18
Engineer ......coiiiiii i 120 108 104 100 97 84
Collegeteacher...........coovviiiinniiannn, 02 02 03 03 03 03

'In¢cludes mathematics.
SOURCE: UCLA (1982-87).
Sea figure O-14 in Overview.

over half of those anticipating majors in the physical scien-
ces and mathematics report this level of performance.
Regarding plans for the Ph.D., 41 percent of freshmen
planning baccalaureates in the physical sciences hope to
attain the doctorate, as do about one-fourth of freshmen
looking toa bachelor’s in mathematics or the environmen-
tal, biological, or social sciences. In sharp contrast, only
about 12 percent of freshmen planning an undergraduate
degree in computer science state that they hope to attain
the Ph.D.

Depending on their field of interest, freshmen planning
S/E degrees differ greatly in their plans for a career as a
“research scientist.” One-third of freshmen anticipating
physical science majors, one-fourth of planned environ-
mental science majors, and one-fifth of planned biological
science majors foresee a future as a research scientist (35
percent of the latter plan to enter the medical profession).
Three percent of freshmen hoping to attain a bachelor’s in
mathematics plan to become research scientists, and less
than 1 percent in computer and social sciences and in
engineering have such plans.

Merit Scholars, Another indicator of freshman plans
can be obtained from the stated choice of major of Merit
Scholars.* While the percentage of scholarship winners

BNSB (1977), p. 159. Merit Scholarships are competitive grants ad-
ministered by the National Merit Scholarship Corporation, Evanston,
llinois. For a complete description of the progr.= ., see National Merit
Scholarship Corporation (1982-88).
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who have planned a major in science or engineering has
varied over the years, recent trends are downward. (See
appendix table 2-6.) Proportions choosing engineering, the
sciences overall, and the health sciences are declining;
simultaneously, more Merit Scholarship winners are plan-
ning majors in the social sciences and humanities. (See
figure 2-6.)

Graduate Enrollments™

Envollments of U.S. citizens in graduate science and
engineering programs have not increased since 1986. In
contrast, students from abroad continued to enroll in these
programs in increasing numbers: in 1988, one in four
graduate students studying science and engineering in
U.S. urdversities was from abroad.

Other changes are occurring among the graduate S/E
student population and the institutions they attend. De-
creases in part-time enrollments, and sharp differences in
enrollment rates among fields of study, become apparent
when overall enrollment data are disaggregated. More
women undertake graduate S/E study, and the various
racial and ethnic groups display different patterns of

“The graduate enrollment data discussed in this section are limited to
enrollments in S/E doctorate-granting institutions. These enrollments
accounted for 85 percent of all graduate enroliments in 1987 and about 93
percent of toral full-time enrolliments. For deiails of the survey universe
and student populations, see NSF (1989a).

66



Cholce of maor of Merlt Scholars

‘Humanities
-~ -and soclal
;7 - sclences

06 0.5 20 2 30 3
T i(Percent) |

** See appendix tabla 2.6, Sclgnce & Enginesring Indicators—1989

enrollment. These and other trends are discussed in the
following paragraphs.

Overall S/E Enrollments, In 1988, total enrollments in
all S/E fields combined increased by 1 percent over the
previous year, a slowing of the 198G-86 trend of an annual
2-percent increase. (See figure O-15 in Overview.) Virtual-
ly all of the 1988 growth in total enrollments was in the
sciences; graduate engineering enrollment has remained
unchanged for 3 years.

Enrollments by Citizenship, Graduate S/E students
who are U.S. citizens increased by 1,300 students in the
sciences in 1988, but decreased in engineering by 1,400.
(See appendix table 2-8.) Other fields experiencing ab-
solutedeclinesin the number of U.S. citizens enrolled were
the environmental sciences (5.6-percent drop)'® and the
physical sciences (0.6 percent).

Foreign enrollments increased in all S/E fields, continu-
ing a trend that has been widely noted and discussed.!¢ In
full- and part-time study combined, increasing matricula-
tion in science and engineering programs by non-U.S.
citizens accounted for the entire growth in enroliments
from 1987 to 1988. (See text table 2-2.)

Non-U.S. citizens are attracted to particular fields of
study. In 1988, nearly 5 of every 10 full-time engineering
students in doctorate-granting institutions were non-U.S.
students. (See figure O-16 in Overview.) In the science
fields, foreign students made up 37 percent of enrollments
in the physical sciences and about 43 percent in both the
mathematical and computer sciences.

%The environmental sciences in these data include atmospheric scien-
ces, geosciences, and oceanography.
16See, for example, NRC (1988b); and NSF (1986).
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Text table 2-2, Graduate S/E enroliments by
citizenship and enroliment status

Ful-time Parttime Total

, ' ~~Parcent chanje 1987-88—
Total enroliment ....... ven 19 0.2 1.2

TOfal U-s_- c"!zens XEIEEKK 0-3 '0.6 '0-03
Foreign citizens . ........ 558 2.9 6.2

Note: includes only dactorate-granting institutions.
See appendix tables 2-8 and 2.9,
' Sciance & Engingering Indicators—1989

Enrollments by Gender. Women have traditionally
specialized in the sciences or engineering at rates below
those of men. Thus, this large population group has be-
come a focus of attention for policymakers and educators
concerned with future supplies of scientific and engineer-
ing personnel.”

Enrollments of women in graduate S/E programs con-
tinued to increase in 1988, and the rate of increase overall
is higher than earlier in the decade.’® By contrast, in en-
gineering, increases averaging 10 percent yearly from 1980
to 1987 slowed to 3 percent in 1988. (See appendix table
2-7.) In both time periods, however, the rates of increase
for women exceeded those of men, Women make up about
32 percent of the total graduate S/E enrollment and earn
about 32 percent of the doctorate S/E degrees awarded to
US. citizens.

Like other population groups, women tend to concen-
trate in certain broad fields. They make up particularly
large proportions of total graduate enrollments in psychol-
ogy (63 percent), the social sciences (47 percent), and the
life sciences (41 percent). (See appendix table 2-7.) While
they account for smaller proportions in the physical scien-
ces (22 percent), mathematics (29 percent), and engineer-
ing (13 percent), their enrollments have been increasing
fester in these fields.”

Enrollments by Racial/Ethnic Group. The ex 3.t to
which different populati-a subgroups—e.g., women,
some minorities, and older students®—choose careers in

YFor discussions of women at other puints in the scientific and en-
gineering pipeline, see the appropriate sections in other chapters of this
report. Detailed data are presented in the bienntal series Women and
Minorities in Science and Engineering; for the most recent volume, see NSF
(1990). A recent discussion of issues involving women in science and
enﬁineering can be found in NSF (1987b).

The statistics discussed in this section obscure the nationality of the
men and women described; the questionnaire from which these data are
produced does notallow for classifying by gender and nationality. How-
ever, because most non-U.S. citizens enrolled in S/E graduate programs
are men, the enrollment data for women discussed here may be assumed
to include mostly U S. citizens. Conversely, the enroliment data for men
in this section include much of the enrollment by non-US. citizens.

“In general, graduate S/E fields that attract relatively fewer women
than men also tend to be fields with high enrollment of non-U.S. citizens.
Ifthe assumption is correct that most of these students are male, then the
enrollment rates of females in these fields among students who are U.S.
citizens could be expected to be higher than identified here.

A recent study of characteristics of students 25 and older is reported
in Aslanian and Brickell (1988).

67




engineering and science hasattracted incr2asing attention.
For example, a recent survey of campus administrators
reports that many of them perceived their institution’s
performance in attracting minority students as “fair’’ or
“poor.HZI

About 600 more black U.S, citizens enrolled in graduate
S/E programs in doctorate-granting institutions in 1988
over 1987. (See appendix table 2-8.) These increases were
spread across all fields, except for a 6-percent decrease in
mathematics (about 20 students). Among U.S. citizens in
engineering programs, only 1 student in 50 is black.

Enrollments of white U.S, citizens, though relatively
unchanged overall, decreased by 3 percent in engineering
programs. (See appendix table 2-8.) S/E graduate students
of Hispanic origin (U.S. citizens only) have increased their
enrollment rates throughout the sciences and engineering
in the 1980s; this trend was halted in 1988. Enrollments of
US. citizens who identify themselves as of Asian back-
ground continue to increase in virtually all fields. (See
appendix table 2-8,) Overall, the rate of enrollment growth
of this population group was 9 percent in 1988. The largest
increase for citizens of Asian origin was in the physical
sciences (22 percent).

Part-Time Envollments, Science & Engineering Indica-
tors—1987 noted strong growth in the number of graduate
studentsin scienceand engineering who study part time.2
In 1988, this decade-long trend may have ended. Part-time
graduate enrollments in engineering—especially among
U.S, citizens—largely accounted for the slowdown.? (See
appendix table 2-9.)

Enrollments by Field. As noted above, the sciences
continued to grow in total graduate enrollments in 1988
over 1987 while engineering enrollments remaired un-
changed. Among science fields, only the environmental
sciences lost enrollment; this continued a 4-year trend in
this field. In contrast, the mathematical sciences have ex-
perienced strong enrollment growth throughout the dec-
ade, especially because of enrollments by non-U.S. citi-
zens. Other fields with strong growth in 1988 were
computer science and psychology; both shoved a 3-per-
cent increase.

Postdoctoral Appointments™

In 1988, about 20,000 researchers held postdoctoral
training positions in U.S. research universities. About

'See El-Khawas (1988),

#NSB (1987), p. 43.

PRelat.vely few foreign students attend graduate S/E programs part
time, largely because of visa regulations.
#Data for this section are from NSF, Survey of Graduate Science and
Engineering Students and Postdoctorates. Postdoctorates include those
individuals with science or engineering Ph.D.s, M.D.s, D.DS.s, or
D.V.Ms(including fe eign degreesthatareequivalentto U.S. doctorates)
who devote their primary effort to research activities or study in the
department under temporary appointments carrying no academic rank.
Such appointments are generally for a specific time period. Postdoctorates
may contribute to the academic program through seminars, lectures, or
by working with graduate students. Clinical fellows, and those with
appointments in residency training programs in medical and health
professions, are not included unless the primary purpose of the & ppoint-
ment is research training under the supervision of a senior mentor. See
NSF (1987), p. 44.
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1,700 of these were in engineering fields, but this number
has been increasing annually by about 8 percent since 1980.
(See appendix table 2-10.) In contrast, the number of post-
doctorates in scientific fields has grown at an annual rate
of about 5 percent over the same period,

Postdoctoral appointments generally grow in conjunc-
tion with expanding academic research budgets, and this
has been the case throughout the 1980s.% In the life scien-
ces, where most (57 percent) of these positions are located,
positions increased 11 percent in 1988 over 1987,

Foreign citizens increasinglK receive postdoctoral ap-
pointments. (See figure 2-7.) Their percentage of all posi-
tions in the life sciences increased from 30 percent in 1980
to42 percent in 1988. In engineering, non-U.S. citizens hold
66 percent of the postdoctoral positions, though this per-
centage has not changed considerably since 1980. Total
postdoctoral appointments heid by foreigners have also
grown faster than those held by U.S. citizens: about 8
percent versus 3 percent per year, respectively, since 1980.

#3ee chapter 4. NRC (1988a) provides detailed data on postdoctorates
by fine field.

Figure 2-7.
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SCIENCE AND ENGINEERING DEGREES
Overall Degree Trends

Ph.D.s in S/E fields accounted for 60 percent of all
doctorates awarded in 1988-—an incre=se of 5 percentage

. points over the past decade. (See appendix table 2-11.)

The total of S/E toctoratesawarded by U.S, universities
increased in 1988 cver 1987 by about 945 degrees. The
-+ sciences and engineering each accounted for about half of
- thisincrease. (See appendix table 2-12.) Only Ph.D.s in the

' - social sciences and psychology failed to increase.

The last year for which data on bachelor’s and master’s
dgrees is available is 1986.% Undergraduate awards in
-+ science and engineering combined increased from 1985 to

. 1986 by 2,500 degrees, to a total of about 324,000 degrees.
(See appendix table 2-11.) This was 30 percent of all bac-
calaureates awarded in the U.S,, a ratio that has not
changed for 3 years. Baccalaureate awards declined in the
physical sciences, environmental sciences, and life scien-
ces. Eight hundred fewer students received engineering
bachelor’s degrees in 1986 than in 1985.

Doctoral Degrees by Citizenship

Following a declining trend for most of the decade, U.S.
citizens earned about 300 more Ph.D.s in the sciences and
engineering in 1988 than in 1987. (See appendix tat-le 2-14.)
Most of these increases were in engii.eering (220 degrees),
continuing a 5-year trend.

Ph.D.s earned by foreign citizens on temporary student
visas account for a growing share of total Ph.D.s awarded
by U.S. institutions in most broad science and engineering
fields. This phenomenon has attracted widespread atten-
tion, leading to speculation about the impacts of this in-
creasing presence of non-U.S. citizens on higher education,
future supplies of doctoral scientists and engineers for the
U.S. labor market, and the wisdom of relying onimmigra-
tion of doctoral scientists.”

Across thesciencesand engineering combined, non-U.S,
citizens on temporary visas earned 24 percentof the Ph.D.s
in 1988, up from 15 percent a decade ago. (See figure 2-8.)
In both the mathematiral sciences and engineering, tem-
porary visa-holders earned 40 percent *n 41 percent of the
Ph.D.s in 1988. Also in that year, non-U.S. citizens earned
25 percent of the Ph.D.s in the social sciences. (See appen-
dix table 2-13.)

Ph.D. Degrees by Gender

The share of total degrees in the sciences and engineer-
ing earned by women has remained at about 26 percent for
3 years. (See appendix table 2-11.) Since the majority of the
S/E Ph.D. earners from abroad are male, the heavy pro-
portion of non-U.S. citizens in this ratio hides the relative
shares of male and female U.S. citizens. When Ph.D.s
awarded to foreigners are removed from the total figures,

*For data on degrees using the categories of “joh-related”’ versus
de§rees in the arts and sciences, see Carpenter (1987).
For example, see NRC (1987b), especially the essays by Drucker,
Kuswa, and Luco; and NSF (1986).

-

Sae -y

3 -

Figure 2-8. R o
S/E Ph.D.s awarded to foreigners.

(Percant ot total Fh.Ds)

50
Englineering -
l/ ..
l’ \‘ - o
- o’ "'. ..-q
. K4
(]
4
n, .' L
4 .
o’ ‘
” .
Mathematics
3 - . 1 -
3 Total S/E
20 . B
o % Total sciences _¢” |-~
,/
Pyl
p _/\.\,/
M/ Life sciences
-y —o~’ ',
e —
L1138 R Y VO TR T T S N

978 f9w 1682 1984 1988,

Note: Includes only forclg’n:e_if;:;an,te_’rnpora'ry‘vlsés'-.'-"" ek W
See appendix table 2-13. .- - Scionco& Engineering Indicators~1389

the share of degrees earned by U.S. female citizens in-
creases considerably.

In all non-S/E fields, U.S. females earned 52 percent of
the Ph.D.s awarded in 198¢. ‘?<e figure 2-9.) They earned
32 percent of the S/E doctor.i.>s awarded to U.S. citizens
in 1988, up from only 17 percent in 1975. In 1988, U.S.
female citizens earned 10 percent of the engineering doc-
torates awarded to U.S. citizens and 36 percent of the
corresponding science doctorates. However, women are
increasing their rates of obtaining the engineering Ph.D.
faster than men, about 16 percent per year versus 7 percent
per year over the past 4 years. Women'’s shares of Ph.D.s
in both psychology and the life sciences-——where they have
always been well represented—have increased from 32
percent to 55 percent and from 21 percent to 35 percent,
respectively, since 1975. (See appendix table 2-14.)

Ph.D.s by Racial/Ethnic Group

Over the past decade, black US. citizens have been
earning fewer Ph.D.s in science and engineering; in 1988,

' 639

LY



Figure 2-9,
Ph.D.s carned by U.S. citizens, by gender
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they received 231 such degrees compared with 278in 1978,
(See appendix table 2-15.) Ph.D.s awarded to black female
citizens declined in 1988 for the fourth year in a row,
though black female citizens earned 390 non-S/E Ph.D.s
in 1988 versus 337 in 1987. Black male citizens earned 127
S/E Ph.D.s in 1988. While this was a slight increase over
1987, it was down considerably compared to the late 1970s.
In contrast, Ph.D.s earned by Hispanic citizens doubled
over the same period, from 160 to 319.

White U.S. citizens earned 299 more Ph.D.s in the scien-
ces and engineering combined in 1988 over 1987. This
accounted for almost all of the increase in Ph.D.s earned,
and followed 4 years of decline.

U.S. citizens of Asian background, desite their sharp
increases in graduate enrollments, earned only 3 percent
of the S/E Ph.D.s awarded to U.S. citizens in 1988.
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SUPPORT FOR S/E GRADUATE STUDENTS”

How do graduate S/E students pay for their educations?
Since education js a crucial investment in developing the
human talent needed for the Nation’s science and en-
gineering activities, the Federal Government has tradition-
ally been a key source of support for graduate S/E study.

Institutions, too—using funds intheir general institutional

budgets—provide support to graduate S/E students ia
order to attract and retain talented students. Changes ir.
support patterns among mechanisms of student support,
and inthe different Federal agencies that provide the most
graduate S/E student support, are discussed in the follow-
ing paragraphs.

Sources of Graduate Student Support
One source of information on support of graduate S/E

students is an annual survey of graduate S/E departments

that requests the ‘“primary” source of support for each
full-time student?® Four broad categories describe the
sources of support for graduate S/E students:

® Federal sources;

® Institutior il sources, i.e., funds from schools’ general
budgets;

® Other sources, i.e, from sources outside the institu-
tion other than the Federal Government or the stu-
dent; and

¢ Self-support, including the student’s own tuition and
fees paid.

Institutional sources of support have grown most rapid-
ly throughout the 1980s, averaging nearly 4 percent yearly.
In contrast, total enrollment has grown at a rate of around
2 percent per year over the sai.e period. (See appendix
table 2-16.) Increased institutional support for S/E grad-
uate students has been particularly important in engineer-
ing and the social sciences. For instance, in the social
science subfields, expanding institutional support has
comyensated for a decline in Federal support in these
subfields over the decade.

Federal sources of graduate S/E support declined dur-
ing the first part of the 1980s but turned strongly upward
by mid-decade. (See figure 2-10.) In contrast, self-support
and other outside sources of support slowed their in-
creases,

Federal support of graduate S/E study between 1984
and 1988 grew most notably among students in computer

“This section discusses only full-time students in doctorate-granting
institutions.

®NSF (1989a). Since students often attend graduate school with a
package of financial aid from different sonrces and of different types,
many sources are notreported. Corsequently, virtually all support sour-
ces are underreported. In addition, no data on the amount of support
provided are captured by this survey.
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science (15 percent annually) and the mathematical scieir-
ces (11 percent). Federal sources of support for graduate
students in the environmental and social sciences declined
throughout the decade. (See appendix table 2-16.)

The net result of these differing growth rates among
sources of support for S/E graduate students was a dif-
ferent “mix” of support sources in 1988 versus 1980. By
1988, about 27 percent of S/E students overali reported
“seif-support” as their main support versus 30 percent in
1980; about 44 percent listed “institutional” support in
1988 versus about 40 percent in 1980; and about 20 percent
noted “Federal” sources versus 22 percent in 1980.

Mechanisms of Student Support

Students receive financial assistance for graduate study
in the sciences and engineering via five broad mecha-
nisms.®

¢ Fellowships are usually awarded through a competi-
tion directly to the student by a source other than the
institution.

® A trainceshipis also competitive, butisawarded by the
institution.

¥For precise definitions, see NSF (1987a).
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® Assistantships can be either for research or teaching,
depending upon how the student’s time under the
grant is to be spent.

® “Otner” types of support include Federal student
loans and tuitions paid by the Department of Defense
(DOD).

¢ Self-support coversstudent sources including parental
support and privately arranged loans.

During the 1980s, the total numnber of fellowships and
traineeships changed hardly at all, in contrast with growth
in research assistantships tiat averaged nearly 5 percent
per year. (See appendix table 2-17.) These trends, however,
have not been equally distributed among the broad fields.
Fellowships and traineeships combined have increased in
engineering and the mathematical, computer, biological,
and physical sciences. They became less common in all
other fields.

Research assistantships have declined only in the agri-
cultural sciences. Fields experiencing considerable growth
in the number of S/ E students reporting their main source
of support as research assistantships include computer
science (14 percent annually), engineering (7 percent), and
the mathematical sciences (5 percent).

Teaching assistantships increased mostly in the mathe-
matical sciences (4 percent, .nd engineering (5 percent)
since 1980.

Federal Support Patterns

As noted above, Federal sources as a percentage of all
sources of support declined between 1980 and 1988. How-
ever, the number of students reporting Federal sources as
their primary support increased by about 4,000 students
over the decade. During this period, both the mechanisms
of Federal support for graduate students and the relative
importance of the various Federal agencies in providing
this support have changed.

Federally financed traineeships and fellowships have
generally declined as a percentage of all Federal support
mechanisms since 1980, but the number of research assis-
tantships funded by Federal sources has increased suffi-
ciently to more than offset the declines.? (See figure 2-11.)
Research asvistantships increased among the mechanisms

MFor a detailed statistical study of federally financed research assis-
tantships in science and engineering, see Snyder (1988). Among Snyder’s
conclusions were:

* “There appears to be a strong relationship between the presence and
concentration of federally supported graduate research assistants
(RAs) in a department and a variety of measures commonly as-
sociaied with departmental quality.

* “There are significant differences in the utilization
search grants (RAs per $ million) by field, with Che ..
almost 3x the utilization rate as the Biological Sciences

* “There was a small overall shift in the concentration of federal RA
support away from the highest rated (top 10 percent) depariments
to lesser rated quality departments.

* “The presence of federal RAs appears to have a positive impact on
certain outcome measures of graduate education.”
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of Federal support, rising from 55 percent in 1980 to 66
percent in 1988.

DOD, concomitant with its increased research and de-
velopment (R&D) funding during the period (see chapter
4), supported 2,900 research assistantships in 1980 and
5,900 in 1988. (See apwendix table 2-18.) The National
Science Foundation (NSF), which supports the lion’s share
of research fellowships among the Federal agencies, in-
creased its fellowship programs by about 2 percent per
year, from 1,300 to 1,600. The Department of Health and
Human Services, which includes the National Institutes of
Health (NTH), funded fewer fellowships and traineeships
in 1988 thanin 1980, despite recent small in czeases by NIH.

Insummary, the growth of federally funded Ré&D seems
to have had the greatest impact on Federal support for
graduate S/E students through the proliferation of ve-
search assistantships built into Federal R&D grants. De-
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spite recent new NSF programs and slight increases by
DOD, federally funded fellowships have not noticeably
affected overall Federal support patterns in S/E higher
education.

HIGHER EDUCATION S/E FACULTIES

Four-year colleges and universities employ more doc-
toral scientists and engineers each year. But since recent
hiring rates have not kept pace with those of the 1950s and
1960s, these scientists and engineers are relatively older—
and hold higher ranks—than a decade ago. Moreover, in
recent years, increasing proportions of scientists and en-
gineers in academic settings report greater amounts of
work in research and development, suggesting a growing
“research intensiveness” of U.S. college and university
campuses. There are, however, differerices among broad
S/E fields for each of these general trends, as discussed in
the following paragraphs.

Overall Employment Tzends

U.S. colleges and universities® employed approximate-
ly 186,000 doctoral scientists in 1987—or 53 percent of the
total doctoral scientists employed in the U.S.—and 24,000
doctoral engineers, or 35 percent of the Nation’s employed
doctoral engineers. (See appendix table 2-19.) The number
of doctoral engineers on U.S. campuses has increased at
twice the rate of doctoral scientists: 10 percent per year
versus 5 percent per year, on the average, since 1981,

Patterns of Academic Employment

The percentage of academic doctoral scientists and en-
gineers who report teaching as either their primary or
secondary work activity has not changed considerably
over the years. (See appendix tables 2-20 and 2-21.) How-
ever, some fields have considerably more doctoral staff on
campus who perform research or other tasks to the ex-
clusion of teaching. Up to 90 percent of mathematical
Ph.D.s, for example, report teaching as a major work ac-
tivity; in contrast, in the life sciences, only 60 percent to 65
percent hav~ teaching duties. Computer science and the
physical sciences also have relatively large proportions of
Ph.D.s on campus who do not teach.

A growing research intensiveness of the Nation’s cam-
puses is further suggested in appendix table 2-20, Between
1981 and 1987, across nearly all fields, increasing propor-
tions of academic doctoral scientists and engineers iden-
tified research and development as their primary work
activity, while declining proportions identified teaching as
their primary work activity. This general trend seems
stronger in engincering than in the sciences: among doc-
toral engineers, the percentage reporting R&D as their
primary activity rose from 23 percent in 1981 to 33 percent
in 1987; corresponding growth among scientists was from
<9 percent to 35 percent.

*The discussion throughout this section refers only to employment at
4-year colleges and universities.
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Text table 2-3. Academic doctoral sclentists and engineers, by age 2nd fleld

Percentage under 40 Percentage 50 ur older
! 1977 1981 1983 1985 1987 1977 19881 1983 1985 1987
All scientists andengineers .. 45 38 33 32 29 26 36 32 32 34
Scientists .......ovueninn 45 39 34 32 29 26 29 32 32 33
Physical scientists ....... 46 34 27 28 25 24 32 84 35 39
Mathematical scientists ... 53 38 30 28 29 19 24 27 32 82
Computer scentists ...... 57 48 48 41 31 15 20 20 19 21
Environmental scientists ... 45 36 37 32 30 24 26 3 33 33
Life sclentists ........... 45 42 37 35 33 27 28 30 30 AN
Psychologists ........ ... 47 45 39 38 31 25 28 30 30 33
Soclal scientists ......... 40 35 31 28 25 30 34 35 34 34
Allengineers ............. 38 929 28 30 27 26 34 34 37 4
See appendix table 2-19.

Most of the increase in R&D has been focused on
applied, rather than basic, research. In both scierce and
engineering, doctoral emplovees report more work in ap-
plied and relatively less work in basic research. (See ap-
pendix table 2-20.) Moreover, since 1981, the number of
academically employed doctoral scientists and engineers
who report basic research as their primary activity has
grown by 28 percent, compared with a 75-percent growth
in reports of applied research.

Only the mathematical and computer sciences go
against these general trends, however. Inthe mathematical
sciences, the increasing percentage of doctoral scientists
reporting R&D clearly emphasizes basic over applied re-
search (81 percent in 1981 to 89 percent in 1987, versus 16
percent to 11 percent, respectively). In computer science,
the recent high rates of growth in total employment in
colleges and universities have left the percentage of total
employment engaged primarily in either teaching or re-
search virtually unchanged. Also, the percentages report-
ing either basic or applied research as a primary activity
both increased at the expense of those researchers who
reported development work in earlier surveys. (Se¢ ap-
pendix table 2-20.)

Academic Rank and Age

Engineering and most broad science fields have exper-
ienced increases in senior faculty ranks since 1981.* In

YThisand the next paragraph discuss only academic doctoral scientists
and engineers who teach—i.e, “the professoriate”—as opposed to the
total academic doctoral S/E emplayment discussed in the preceding
paragraphs.

Science & Englneering Indicators--1989

engineering, the percentage of the professoriate holding
the rank of full professor has grown to 55 percent in 1987,
an average annual rate of growth of 5 percent since 1981.
(See appendix table 2-21.) Among the sciences, the physi-
caland mathematical sciences stand out with high percent-
ages of faculty who are full professors: 58 percent and 50
percent, respectively, Concomitantly, the ranks of assis-
tant professors have decreased in these fields; the use of
instructors has decreased in all fields.

As a relatively new discipline, computer science has
retained an anomalous position in the face of these general
trends.* Compared with all other broad fields, computcr
science has more faculty with lower rank—e.g., 38 percent
associate professors and 29 percent assistant professors
versus 28 percent and 19 percent, respectively, in all S/E
fields combined.

On average, academically employed doctoral engineers
and scientists were older in 1987 than in 1977, (See text
table 2-3.) In all fields, decreasing percentages were under
40 years of agein 1987 than in 1977, and increasing propor-
tions were over 50, In engineering, a recent upturn in the
proportions under 30 may have ended in 1987. (See appen-
dix table 2-19.) Finally, in all fields, the proportions of
doctorates employed in colleges and universities who are
over 60 years of age increased considerably since 1977, and
more than doubled (for example) in engineering and com-
puter science.t

YINSB (1987), p. 49.

“For a discussion of possible future facuity shortages, see Lozier and
Dooris (1987). In El-Khawas (1988), campus administrators reported
shortages of faculty in camputer science and an inability to fill vacancies
in mathematics,
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