
The 
Learning 
C u r v e

What We Are Discovering 

About U.S. Science and 

Mathematics Education

The 
Learning 
C u r v e

N A T I O N A L  S C I E N C E  F O U N D A T I O N



The National Science Foundation Act of 1950

The National Science Foundation was established by Congress in 1950 “to initi-
ate and support basic scientific research and programs to strengthen scientific
research potential and science education programs at all levels in the mathematical,
physical, medical, biological, social, and other sciences and to initiate and support
research fundamental to the engineering process and programs to strengthen engi-
neering research potential and engineering education programs at all levels…”

http://www.nsf.gov


The Learning Curve:
What We Are Discovering about 

U.S. Science and Mathematics Education
A Prefatory Report on the National Science Foundation’s

Indicators of Science and Mathematics Education 1995

January 1996

National Science
Foundation

REC Indicators
Series

http://www.ehr.nsf.gov/ehr/red/index.html
http://www.nsf.gov


Recommended Citation

Division of Research, Evaluation and Communication, Directorate for Education
and Human Resources. The Learning Curve: What We Are Discovering about U.S.

Science and Mathematics Education. Edited by Larry E. Suter. Washington, DC:
National Science Foundation, 1996 (NSF 96-53).



The Learning Curve: What We Are Discovering about U.S. Science and Mathematics

Education was planned and prepared in the Directorate for Education and Human
Resources (EHR), Luther S. Williams, Assistant Director. Daryl E. Chubin, Division
Director of the Division of Research, Evaluation and Communication, provided gen-
eral direction and oversight. Larry E. Suter, Deputy Director of the division, was
responsible for directing the writing and production of the report. Tom Ewing and
Laure Sharp, Westat, wrote this volume as a prefatory report on the National
Science Foundation’s Indicators of Science and Mathematics Education 1995.They used
highlights from the Indicators of Science and Mathematics Education 1995, which was
written by Larry E. Suter, National Science Foundation; Joy Frechtling, Westat;
Daniel C. Humphrey, Amy L. Lewis, Marjorie E. Wechsler, and Judith Powell of SRI
International; Iris Weiss, Horizon Research, Inc.; Frances Lawrenz, University of
Minnesota; Mary L. Queitzsch, former AERA fellow, Northwest Regional
Educational Laboratory; and James S. Dietz, National Science Foundation.

Acknowledgments

mailto: lsuter@nsf.gov
mailto: horizon@nando.net
mailto: dchubin@nsf.gov
mailto: jdietz@nsf.gov
http://www.nwrel.org/
mailto: lwilliams@nsf.gov
http://www.sri.com
http://www.coled.umd.edu/C&I/default.html
http://www.westat.com
http://www.westat.com
http://www.nsf.gov


Under contract to the Directorate for Education and Human Resources, Friday
Systems Services provided the following services in the production of this document:
research, statistical analysis, editing, design, data entry, graphics creation, quality
control, and desktop publishing. Kaarin Engelmann was Managing Editor.

mailto: fss1@ix.netcom.com


List of Figures  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .v

Presenting the Indicators  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1

Standards and the Quest for Reform  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3

Data Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .6

Highlights  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8

Student Achievement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8

Curriculum  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11

Teachers and the Learning Environment . . . . . . . . . . . . . . . . . . . . . . . . . . .12

Equity  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .14

Demographic Changes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .17

Postsecondary Education . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .17

Toward the Future  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .22

Table of Contents



Figure 1. Science and mathematics proficiency—percent of students 
at or above anchor point 250, by age: 1977 to 1992 . . . . . . . . . . . . . . . .8

Figure 2. Mathematics proficiency scores for 13-year-olds in 
countries and public school eighth-grade students 
in selected U.S. states: 1991 or 1992  . . . . . . . . . . . . . . . . . . . . . . . . . . .9

Figure 3. Mean scores of 13-year-old public school students on
NAEP mathematics test, by race: 1992  . . . . . . . . . . . . . . . . . . . . . . . .10

Figure 4. Average number of minutes per day spent teaching 
each subject to self-contained classes, 
by grade range: 1977 to 1993 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11

Figure 5. Percent of states imposing graduation requirements
in mathematics: 1974 to 1992  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11

Figure 6. Mean number of credits earned by high school graduates 
in each subject field: 1982 to 1992 . . . . . . . . . . . . . . . . . . . . . . . . . . . .12

Figure 7. Percent of science and mathematics teachers 
with undergraduate or graduate majors in science
or mathematics fields, by grade range: 1993 . . . . . . . . . . . . . . . . . . . . .12

Figure 8. Percent of science and mathematics teachers 
with various amounts of in-service education 
in these fields during the past 3 years: 1993  . . . . . . . . . . . . . . . . . . . . .13

Figure 9. Percent of classes using hands-on activities 
in most recent lesson, by subject and grade range: 1977 to 1993  . . . . .13

Figure 10. Science and mathematics proficiency—percent of students 
at or above selected anchor points, by age and sex: 1977 to 1992  . . . .14

Figure 11. Science and mathematics proficiency—percent of students 
at or above selected anchor points, by age, and race 
or ethnic origin: 1977 to 1992  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15

Figure 12. Percent of high school graduates earning credits in science 
and mathematics courses, by subject and sex: 1982 to 1992 . . . . . . . . .16

Figure 13. Percent of high school graduates earning credits 
in science and mathematics courses, 
by race or ethnic origin: 1982 to 1992  . . . . . . . . . . . . . . . . . . . . . . . . .16

Figure 14. Ability composition of high school science and 
mathematics classes: 1986 and 1993 . . . . . . . . . . . . . . . . . . . . . . . . . . .17

Figure 15. Percent of high school sophomores aspiring 
to various levels of postsecondary education, 
by race or ethnic origin: 1980 and 1990 . . . . . . . . . . . . . . . . . . . . . . . .18

Figure 16. Percent of 1987 first-year undergraduate students 
in 4-year institutions who stayed in or switched to other 
(declared or intended) majors by 1991, by field of major: 1991  . . . . . .18

Figure 17. Number of bachelor’s degrees awarded, by sex 
and major field group: 1977 to 1991 . . . . . . . . . . . . . . . . . . . . . . . . . . .19

Figure 18. Science and engineering degrees awarded, by degree level: 
1971 to 1991  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .19

List of Figures



Figure 19. Science and engineering bachelor ’s degrees awarded, 
by selected racial and ethnic groups: 1977 to 1991 . . . . . . . . . . . . . . . .20

Figure 20. Percent of full-time instructional faculty who are female, 
by field: Fall 1987 and Fall 1992  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .20

Figure 21. Percent of full-time faculty who are black, by field: 
Fall 1987 and Fall 1992  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .21

V I L I S T  O F  F I G U R E S



Presenting the Indicators

A ccording to data recently compiled by the National Science Foundation
(NSF), elementary schools in the United States today are devoting more
classroom time than ever before to science and mathematics instruction.

More high school students are undertaking advanced courses in these crucially
important areas of study. And U.S. colleges and universities are awarding more bach-
elor’s, master’s, and doctoral degrees in the natural sciences and engineering.

Moreover, members of all racial and ethnic groups are sharing in a number of the
notable gains made by the Nation’s science and mathematics students; for example,
a greater proportion of U.S. high school students, regardless of race or ethnic back-
ground, are now satisfactorily completing courses in science and mathematics.
Achievement scores in these fields are on the rise for students of all races. And there
is a discernible increase in the number of blacks, Hispanics, and Native Americans
earning bachelor’s degrees in science and engineering.

These and an array of other encouraging findings are offered in an NSF presentation
of statistical data—or “indicators”—concerning the students, teachers, systems, cur-
ricula, learning environments, teaching methods, and other components of the
Nation’s science and mathematics education community. Titled Indicators of Science

and Mathematics Education 1995, the report was created in compliance with a 1991
mandate from the U.S. Congress. Like its 1992 predecessor, for which it serves as an
update, the latest volume is intended for use by anyone seeking qualitative and
quantitative information on trends in elementary, secondary, and postsecondary edu-
cation. NSF expects the report’s readership to be broad in scope, including educa-
tors, elected officials, government policy makers, social commentators, professional
scientists and mathematicians, and the general public—all citizens, that is, who sup-
port the notion that significant improvement in U.S. science and mathematics edu-
cation should rank among the Nation’s highest priorities.

For those who share in the hope that U.S. science and mathematics education is
effectively preparing our young people to live, work, and prosper in a technology-
intensive, increasingly competitive global society, the report offers grounds for cau-
tious optimism. Indeed, based on hundreds of statistical findings gathered by NSF
from a wide variety of authoritative national surveys, Indicators of Science and
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What is an “Indicator”? 

An indicator is a statistic that describes the health 

of a system or the status of an important policy issue.



Mathematics Education 1995 suggests that considerable progress in science and math-
ematics education is being made at all grade levels.

◆ Particularly encouraging is the growing awareness among elementary school
teachers and curriculum designers that a familiarity with basic concepts in sci-
ence and mathematics should be introduced to students at an early age.
Measured in blocks of time ranging from approximately 20 minutes to 100
minutes, the average amount of classroom time per day dedicated to science
and mathematics for grades 1 through 6 rose substantially between 1977 and
1993, according to a 1993 National Survey of Science and Mathematics
Education (NSSME), one of several sources for the Indicators of Science and

Mathematics Education 1995.

◆ Furthermore, students’ early exposure to science and mathematics is now being
parlayed beneficially through their high school years far more effectively than
it has been in the past, thanks largely to an increase in the number of states
that are imposing stricter graduation requirements in these areas of study. In
1974, about 15 percent of states required 2 or more years of mathematics for
graduation; in 1992, the figure was approaching 90 percent. Consistent with
elevated graduation requirements, the increased availability of advanced sci-
ence and mathematics courses at the secondary level is evident nationwide.
Currently, nearly 100 percent of all U.S. high schools offer courses not only in
introductory algebra, geometry, and biology, but also in chemistry, physics,
algebra II, and trigonometry.

◆ Along with more stringent high school graduation requirements and the avail-
ability of advanced science and mathematics courses, the level of preparation
of postsecondary science and engineering students and the number of college
degrees being awarded in these areas are rising. Much of this progress has been
made within the very recent past. High school students who in 1993 planned
an undergraduate major in the natural sciences or engineering were, for the
most part, better prepared than were their counterparts just 3 years earlier.
Between 1990 and 1993, for example, the proportion of intended natural sci-
ence or engineering majors who took calculus in high school rose from about
one-quarter to one-third, while the proportion of those taking physics
increased from about one-half to almost two-thirds.

◆ Among the most encouraging trends noted in the report is the increase in the
number of women with degrees in science fields.  Between 1971 and 1991, the
percent of bachelor’s degrees in science and engineering fields awarded to
women increased from 29 to 44 percent and the percent of doctoral degrees
awarded to women increased from 10 to 28 percent.  Steady increases occurred
over the past 20 years in the number of women receiving bachelor’s and doc-
toral degrees in science fields while the number of men receiving degrees did
not increase.  While the number of women receiving doctorates in science
fields has increased by more than threefold since 1971, the number of men
receiving doctoral degrees is about the same in 1991 as in 1971.
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The Indicators of Science and Mathematics Education 1995 presents some less-encour-
aging indicators as well:

◆ While more high school students of all races are enrolling in and successfully
completing science and mathematics courses, and although test scores of all
students have improved during the past decade, scores for white students
remain significantly higher than those for black and Hispanic students. And
although more blacks, Hispanics, and Native Americans are earning bachelor’s
degrees in science and engineering today than ever before, all three minority
groups remain underrepresented in relation to their presence in the overall
U.S. college-age population.

◆ Despite some modest gains since 1988, women and minorities continue to be
underrepresented on U.S. higher education science and engineering faculties.

◆ While today’s students have parents with higher levels of education—a factor
that many experts consider a positive influence on academic proficiency—
these students are more likely to be members of one-parent families and to be
living in poverty—factors that many experts consider a negative influence on
performance.

◆ Eighth-grade mathematics achievement in some states (Iowa, North Dakota,
and Minnesota) was the same as in top-performing countries (Taiwan, Korea,
and former Soviet Union), while achievement in the lowest performing states
(Arkansas, Alabama, Louisiana, and Mississippi) was about the same as in the
lowest performing country (Jordan).

◆ Despite increases in the time and attention being devoted to science and
mathematics, the high school graduation requirements for these subjects in
many states still fall short of the 4 years of each that has been recommended
by education reform advocates.

These and a wealth of other significant revelations emerge from the array of indica-
tors presented in the report, a sampling of which appears in Highlights (page 8 of
this summary report). In creating Indicators of Science and Mathematics Education

1995, NSF has focused on collecting, synthesizing, analyzing, evaluating, and pre-
senting relevant data.

Standards and the Quest for Reform

Over the past decade, science and mathematics education standards have been artic-
ulated by a number of prestigious organizations, such as the National Council for
Teachers of Mathematics, the National Research Council, the National Science
Teachers Association, and the American Association for the Advancement of
Science. While differing in details, the standards are consistent in providing guide-
lines for instruction, calling for improvement in teacher qualifications and the learn-
ing environment, and setting levels of expectation for student achievement. The
standards reinforce the notion that the pursuit of excellence must be open to all stu-
dents, regardless of their sex, race, or the community in which they live. 
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The standards have, in turn, yielded a widely endorsed set of specific goals, such as
the following:

◆ All students should be expected to attain a high level of scientific and mathe-
matical competency.

◆ Students should learn science and mathematics as active processes focused on
a limited number of concepts.

◆ Curricula should stress understanding, reasoning, and problem solving rather
than memorization of facts, terminology, and algorithms.

◆ Teachers should engage students in meaningful activities that regularly and
effectively employ calculators, computers, and other tools in the course of
instruction.

◆ Teachers need both a deep understanding of subject matter and the opportuni-
ty to learn to teach in a manner that reflects research on how students learn.

One way the standards and goals of excellence and equity in science and mathemat-
ics education have been implemented is through efforts to reform many aspects of
the school system at once—an approach entailing a coordinated national initiative,
as opposed to piecemeal remedial efforts, to address all critical components of the
prevailing educational system. Dr. Luther S. Williams, Assistant Director of NSF’s
Directorate for Education and Human Resources, says that systemic reform “…is a
revolutionary vehicle to ameliorate the performance gap—which demographics dic-
tate we must do in order to achieve Goals 2000 for all of our students.”
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and learning. Stressing the importance of mathematics and science

for all students, they provide a vision that is based on our best

understanding of teaching and learning. Standards provide the basis

for guiding educational programs and for measuring the

accomplishments of our educational institutions.



Systemic science and mathematics education reform is built on the following
elements:

◆ Curricular reform for all students at all grade levels, including the establish-
ment of achievement standards based on the ability to master scientific
processes rather than memorization of facts or formulas.

◆ Changes in the learning environment, including pedagogic reform, with teach-
ers emphasizing active student involvement through discussion, problem solv-
ing, hands-on activities, and small-group work.

◆ More opportunities for all students to use calculators and computers in the
classroom and for homework.

◆ More exposure of low-achieving students to the full range of educational
opportunities and demands.

◆ Assessment reform that replaces tests based on factual knowledge with tests
that measure the ability to reason, solve problems, and use scientific principles.
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What is “Systemic Reform?”

“Systemic reform” is a process of educational reform based on the

premise that achieving excellence and equity requires alignment of

critical activities and components. It is as much a change in infra-

structure as in outcomes. Central elements include—

◆ High standards for learning expected from all students;

◆ Alignment among all the parts of the system—policies,

practices, and accountability mechanisms;

◆ A change in governance that includes greater school site

flexibility;

◆ Greater involvement of the public and the community;

◆ A closer link between formal and informal learning experiences; 

◆ Enhanced attention to professional development; and

◆ Increased articulation between the precollege and postsecondary

education institutions.



In light of prevailing concerns about U.S. students’ comparatively low academic
achievement in science and math, and considering the commitment of the Federal
Government and state governments to reverse the situation by the year 2000, it fol-
lows that policy makers, congressional leaders, parents, and others are looking for
answers to a number of questions, including the following:

◆ Are current reform efforts succeeding in improving science and mathematics
education?

◆ Has overall achievement improved?

◆ Do students in each state and region of the country perform equally?

◆ Are achievement levels among ethnic groups converging?

◆ Have differences in the achievement levels of the United States and other
countries narrowed?

◆ Is a reduction occurring in the practice of grouping students by ability level?

◆ Is there an increase in the number of teacher-development programs that
emphasize new methods of science and mathematics instruction?

◆ Is there an increase in the number of teachers with undergraduate-level
coursework in science and mathematics?

◆ Is there an increase in the number of teachers who belong to racial and ethnic
minorities, especially in schools with large minority student populations?

Data Sources

Since its establishment in 1950, one of NSF’s missions has been to provide research,
guidance, and support for U.S. science and mathematics education. NSF’s role
extends into the compilation of statistical data about science and mathematics pro-
grams gathered by Federal agencies, such as the National Center for Education
Statistics. NSF analyzes statistical information from outside sources as well and
develops appropriate methods for evaluating the effectiveness of programs and initia-
tives. Creation of the biennial indicators report, therefore, builds on the agency’s
leadership as compiler, reviewer, and interpreter of complex data. 

While the 1992 Indicators of Science and Mathematics Education report primarily
described science- and mathematics-related trends from 1970 to 1990, the latest doc-
ument focuses wherever possible on information regarding student proficiency, cur-
ricula, learning environments, demographics, and so forth, that has been gathered
through 1993. Therefore, the 1995 report serves as an update on the ways in which
the important issues in science and mathematics education that were analyzed in the
1992 edition continue to change.
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Major sources of the latest data included such existing national surveys as the
National Assessment of Educational Progress (NAEP), the National Education
Longitudinal Study of 1988, the National Survey of Science and Mathematics
Education, and the High School and Beyond study. The main source for internation-
al comparisons was the International Assessment of Educational Progress. In some
cases, the authors have conducted secondary analyses of the existing data, but no
new data were collected by NSF.

The 1995 report is presented in three main chapters, covering student achievement,
characteristics of elementary and secondary education, and progress in postsecondary
education. The indicators were chosen by the authors of each chapter, who were
guided by members of an advisory committee and by publications on the status of
relevant indicators. In the selection of the indicators, a special effort was made to
address salient issues and trends of specific concern to school administrators and
decision makers in the congressional and executive branches of government. The
data cover, for example, the policy environment of educational reform, the demo-
graphic context of education, student achievement in science and math, reforms in
science and mathematics education on the elementary and secondary levels, and
trends in postsecondary science and engineering education. The report also discusses
the overall state of educational reform and highlights the types of indicators required
to assess future progress.
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Highlights

T o reflect the content of the full Indicators of Science and Mathematics

Education 1995, the following sampling of the report highlights significant
findings regarding student achievement, curriculum, teachers and the learn-

ing environment, equity, demographic changes, and postsecondary education.

Student Achievement

Science and mathematics proficiency among high school students, regardless of race,
gained between 1977 and 1992 (see figure 1)—a change that may be attributed in
part to the fact that many more students are taking advanced science and mathemat-
ics courses in high school as a result of changes in requirement policies within each
state.

However, while a higher percentage of 13-year-old students scored 250 or higher on
the NAEP science and mathematics proficiency test in 1992 than in 1977, recent
comparisons of achievement show 13-year-old U.S. students scoring below students
of other countries. (See figure 2.) These latter data, based on a 1991 study, substanti-
ated results from earlier studies that provided the impetus for efforts to improve sci-
ence and mathematics education in the United States.

Notwithstanding, a recent reanalysis of data shows that there are sharp differences
in student mathematics performance among states in the United States that match
differences among countries. (See figures 2 and 3.) A comparison of international
and state proficiencies shows, for example, that eighth-grade performance in the
highest ranking states (Iowa, North Dakota, and Minnesota) was the same as in the
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Science and mathematics proficiency—percent of students

at or above anchor point 250, by age: 1977 to 1992
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F I G U R E  2 




Mathematics proficiency scores for 13-year-olds in countries and 

public school eighth-grade students in selected U.S. states: 1991 or 1992

NOTES: International data are 1991. All U.S. data are 1992. Only 41 states and

the District of Columbia volunteered to participate in the study.           

SOURCE: National Center for Education Statistics (NCES). (1993). Education in states 

and nations: Indicators comparing U.S. states with the OECD countries�

in 1988 (NCES 93-237). Washington, DC: NCES.   
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