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THE NATIONAL SCIENCE FOUNDATION ACT OF 1950

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

ince its establishment in 1950, one of NSF’s mis-

sions has been to provide research, guidance, and

support for U.S. science and mathematics educa-
tion. NSF’s role extends into the compilation of statisti-
cal data about science and mathematics education pro-
grams gathered by Federal agencies, such as the Narional
\Center for Education Statisticst NSF analyzes statistical
information from outside sources, as well, and develops
appropriate methods for evaluating the effectiveness of
programs and initiatives. Creation of a biennial science
and mathematics education indicator report,' therefore,
builds on the agency’s leadership as compiler, reviewer,
and interpreter of complex data.

While the 1992 Indicators report primarily described
science- and mathematics-education-related trends from
1970 to 1990, this latest document focuses, wherever pos-
sible, on information regarding student proficiency, cur-
ricula, learning environments, demographics, and so
forth, that has been gathered through 1993. Therefore,
this report serves as an update on the ways in which the
important issues in science and mathematics education,
analyzed in the 1992 edition, continue to change.

A review of major reports recommending an indicator
system for monitoring science and mathematics educa-
tion is presented in the Postscript of this report. That sec-
tion also recommends new, future directions for collec-
tion and presentation of such indicators.

Major sources of the latest data include such existing
national surveys as the National Assessment of

Longitudinal Study of 1988, the National Survey of
Science and Mathematics Education, and High School
and Beyond. The main source for international compar-
isons is the International Assessment of Educational
Progress. In some cases, the authors have conducted sec-
ondary analyses of the existing data, but no new data
have been collected by NSF for this report.

A full understanding of the data presented here
requires some familiarity with the precepts of systemic
reform in science and mathematics education and the
standards upon which the concept is based. It is largely
within this context that the subjects of the report—stu-

X111

dent achievement, the competency of teachers, the
sophistication of the learning environment, and others—
have been selected.

STANDARDS AND SYSTEMIC REFORM

Over the past decade, science and mathematics educa-
tion standards, which provide an explicit set of expecta-
tions for teaching and learning, have been articulated by

1 Teachers Association, and the ‘American Association for,

the standards are consistent in providing guidelines for

instruction, calling for improvement in teacher qualifica-

tions and the learning environment, and setting levels of
expectation for student achievement. The standards rein-
force the notion that the pursuit of excellence must be
open to all students, regardless of their sex, their race, or
the community in which they live.

The standards have, in turn, yielded a widely endorsed
set of specific goals, such as the following:

0 All students should be expected to attain a high level
of scientific and mathematical competency.

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

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

0 Teachers should engage students in meaningful
activities that regularly and effectively employ calcu-
lators, computers, and other tools in the course of
instruction.

(1 Teachers need both a deep understanding of subject
matter and the opportunity to learn to teach in a
manner that reflects research on how students learn.

Meeting the standards and goals of excellence and
equity requires a broadly based, coherent, systematic
approach. NSF and the Department of Education have

“...In addition, the Committee expects the [National Science] Foundation to establish a biennial science and mathematics education indicator
report, distinct from the science and engineering indicator report, that evaluates the progress of the Unite ates in improvin, e science and math-
port, distinct fi h d eng g indicator report, that evaluates the prog f the United Stat p g th d math.
ematics capability of its students, and the effectiveness of all Federal and State education programs as part of this process.”
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collaborated on a number of systemic reform efforts that

entail a coordinated national initiative, as opposed to

piecemeal remedial efforts, to address all components of
the prevailing educational system.

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

0 Curricular reform for all students at all grade levels,
including the establishment of achievement standards
based on the ability to master scientific processes,
rather than memorization of facts or formulas;

0 Changes in the learning environment, including ped-
agogic reform, with teachers emphasizing active stu-
dent involvement through discussion, problem solv-
ing, hands-on activities, and small-group work;

0 More opportunities for all students to use calculators
and computers in the classroom and for homework;

0 More exposure of low-achieving students to the full
range of educational opportunities and demands; and

0 Assessment reform that replaces tests based on factu-
al knowledge with tests that measure the ability to
reason, solve problems, and use scientific principles.

OBSERVATIONS

This report covers characteristics of elementary, sec-
ondary, and postsecondary education. The indicators
were selected to show evidence of change in the Nation’s
science and mathematics education system. For elemen-
tary and secondary education, the selection of indicators
includes curriculum coverage, teacher practices, and stu-
dent achievement. This selection was influenced by
national standards, which were developed by professional
education associations. For postsecondary education, the
selection of indicators monitors the extent of access to
science and engineering postsecondary education by
underrepresented minorities and females.

Overall, the trends toward higher student performance
and course completion are consistent with the goals of
reform. Some significant observations of changes during
the past 2 decades are as follows:

ACHIEVEMENT TRENDS

Several demographic changes have taken place during
the past 2 decades that could affect student achieve-
ment. For example, the proportion of all parents who
had received at least some college education increased

Hispanic parents, although in 1993, parents of
Hispanic students still had less education than parents
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of white or black students. Additionally, the propor-
tion of families with children younger than age 18 liv-

At the same time, students were more likely to be liv-
ing below the poverty level; the proportion of stu-
dents between 6 and 17 years old living in poverty
rose from 14 percent in 1970 to 20 percent in 1993.

1(See figure 17.)

Student achievement in both science and mathemat-
ics, as measured by the NAEP trends, has increased
since 1977. Although increases do not occur every
year, they are clearly observable for students of every
race and ethnic origin and at every age. Increases
occurred in the percentage of students who attained
at least a basic level of knowledge in science and
mathematics, especially among blacks and Hispanics
and those at the lowest achievement levels. For
example, the percentage of 13-year-old black students
who attained a proficiency score of 250 or more
increased from 29 percent in 1978 to 51 percent in
1992—a 22-percentage-point increase in students
who perform at acceptable levels of mathematics in
the eighth grade.

These gains have not eliminated the gaps between
males and females. For example, in 1977, the largest
gap between the percentage of males and the per-
centage of females scoring at selected NAEP anchor
points was in science at age 17. The gap between the
achievement of males and females had decreased
from 14 percentage points in 1977 to 9 in 1992. (See

Sharp differences in student mathematics perfor-
mance among states in the United States match dif-
ferences among countries. A comparison of interna-
tional 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 top-performing countries (Taiwan,
Korea, and the former Soviet Union), while perfor-
mance in the lowest performing states was about the

same as in the lowest performing countries.}(See fig-

-C-)\;e-rz;ﬁ, ‘students in the Midwest had the highest
NAEP mathematics scores, and students in the

Southeast had the lowest scoresa -(ée-e-f;g-u;e- 2-19)

CURRICULUM TRENDS

High schools appear to be placing more emphasis on
science and mathematics education. Whereas 20 per-
cent of states required high school students to com-

plete 2 or more years of mathematics in 1974, almost
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“remain below the 4 years of science and mathematics
recommended by the national standards.
Increasing proportions of high school students
received instruction in science and mathematics in
the past 10 years. (See figures 3-4113-5,'and.3-6.);
Also, elementary students spent more time in class
studying science and mathematics. (See figure 3-2.)
Between 1982 and 1992, female and male high
school graduates had earned credit in all science and
mathematics courses at about the same rate, except

in physics, where rates for males significantly exceed-

Substantial differences in coursetaking existed among
students in various racial and ethnic groups. (See fig-
ures; 3-51and! 3-6.) For example, while about the same
proportion of white, black, and Hispanic high school
graduates had earned credits in biology and introduc-
tory algebra in 1992, a significantly higher proportion
of white graduates had completed courses in chem-
istry, physics, geometry, advanced algebra, and
trigonometry.

Ability grouping—assigning students to specific class-
es such as honors or remedial courses—in secondary
science and mathematics classrooms has declined,

change, it is a move toward greater classroom equity,
since homogeneous classrooms may deprive low-
achieving students of exposure to demanding course-
work and the stimulation and encouragement to
achieve.

TEACHERS

High school science and mathematics teachers are
likely to have completed their undergraduate training
with majors in their teaching fields, but few elemen-
tary_school teachers majored in science or mathemat-

ics. (See figure 3»21.): Only about two-thirds of

earth sciences.:_(-Sée: f_léu:ré :3:_2:2:)"
Less than 30 percent of elementary school teachers
say they feel well qualified to teach life science, while

60 percent feel well qualified to teach mathematics

Overall, many teachers are not yet following recom-
mendations for reforming classroom practice; for
example, teachers have not implemented early intro-
duction of algebraic concepts or alternative assess-

O

O

O

O

O

O

O

ments. However, science and mathematics teachers
are using more “hands-on” activities. The number of
classes using hands-on activities increased in each
grade level since 1986, following a decline since
1977. Still, fewer than 40 percent of junior high or
high school classes used hands-on activities in their

most recent lesson.i (See figure 3-20.)!

ke e e ==

POSTSECONDARY TRENDS

As the value of postsecondary education has increased
across all sectors of the economy, the percentage of

high school students aspiring to obtain a bachelor’s or
higher degree has increased dramatically, regardless of

T i
sex, race, or ethnic origin.(See figure 4-2.):

of college-age youth, the number of bachelor’s degree
recipients increased markedly. The number of science
and engineering bachelor’s degree recipients also
increased, although not as notably. However, com-
pared with nations such as Japan, South Korea, and
Germany, the United States graduates significantly
fewer persons with first degrees in natural science

and engineering.:_-(_ég-e__ f_-lg_-u_-rg- f-’r:- 1_-6_-)_:
Although interest in science and engineering careers
declines among students between 10th grade and col-
lege graduation, a large portion of science and engi-
neering graduates actually enter their discipline dur-
ing the final years of college.}(See figure 4-13.)
Although 28 percent of male and 10 percent of
female high school seniors planned to major in one
of the science or engineering fields, by the time they
were college seniors, only 11 percent of males and 4
_percent of females actually completed the major. (See

Ltext table 41
Between 1971 and 1991, increases in graduate
degrees awarded exceeded increases at the bachelor’s
level. By 1991, doctorates in science and engineering
constituted almost two-thirds of all doctorates grant-
ed in the United States. During this period, universi-

ties awarded 39 percent more science and engineer-

The number of females receiving bachelor’s degrees in
science and engineering has increased substantially in
the past few years; while the number of males graduat-
ing in those fields has remained flat or declined. (See

:_aPI_J(in_d:i)g Ea:bIe:{—ZIS.E:Still, while females constituted
54 percent of all bachelor’s degree recipients in 1991,
they earned only 44 percent of all bachelor’s degrees
in science and engineering.

The number of blacks and Hispanics graduating with

science or engineering bachelor’s degrees increased
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between 1985 and 1991. However, blacks represented
only 6 percent of science and engineering bachelor’s
degree recipients, whereas they represented 14 per-
cent of the postsecondary population. Hispanics rep-
resented 4 percent of science and engineering bache-
lor’s degree recipients and 11 percent of the popula-
tion.

0 Underrepresentation is evident in the number of
minorities and females who serve as science and
engineering faculty members. In 1992, blacks made
up about 5 percent of all higher education faculty,
but they made up only 3 percent of natural sciences
faculty and less than 3 percent in engineering. (See
ifigure 4-29.) Similarly, although the number of

,ahout 6 percent of engineering faculty (s_et_a _f1_g1_1r_e_4_—_

'30) they make up about one-third of all higher edu-
cation faculty. m
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he Senate 1991 Appropriations Bill (HR 5158)

mandated that the National Science

Foundation (NSF) produce this biennial report
to evaluate the health of science and mathematics edu-
cation.! This report is intended to update policy makers,
educators, and the general public on the status of stu-
dents and the system that serves them. It uses selected
indicators of the system to provide a look at how science
and mathematics education has changed in the past few
years and how it is changing today. Furthermore, the
report uses a number of indicators that represent impor-
tant elements of the efforts of systemic reform of mathe-
matics and science education.

The data and findings presented here about science
and mathematics education are extracted from existing
studies and surveys of education. In some cases, chapter
authors have conducted secondary analyses of these exist-
ing data, but no new information has been collected from
schools, students, or teachers specifically for purposes of
writing this report. The report highlights information
regarding relationships between changes in student
achievement and changes in classroom conditions.

Although the picture that emerges is detailed, it is far
from complete because survey data for many important
topics of concern to science and mathematics educators
are not available. Therefore, a secondary purpose of this
volume is to evaluate the condition of current indicators
as descriptors of science and mathematics education from
kindergarten through the end of the collegiate experience
and to identify new directions to be pursued.

Two themes are central to the indicators in this vol-
ume—excellence and equity. Excellence means the
extent to which high standards of learning are attained;
equity means the extent to which these standards are
applied to all groups. Excellence and equity are the fore-
most goals of the educational system—the bottom line of
the system’s health.

THE CONTEXT FOR THIS REPORT

The changes in the educational system described in
this volume should be examined within the context of
major events in the country that affect student perfor-
mance in elementary and secondary schools and the sci-
entific literacy of college graduates. This section provides
a summary of some of the recent events in policy, fund-
ing, and demographics that the authors considered as

1995

they selected indicators for this volume. These events all
affect interpretation of the selected indicators.

PoLicy

In response to mounting evidence from national and
international studies that not all students in the U.S.
educational system perform well in science and mathe-
matics, educators and policy makers have placed a new

One initiative to deal with excellence and equity
1ssues was_the creation of a set_of Nat10nal Education

goals stresses the importance of science ancl mathematics
education by challenging school systems to make U.S.
students’ science and mathematics achievement first in
the world.

Another initiative has been to implement systemic
reform efforts, rather than piecemeal projects, to unify
policies of reform. For example, standards have been
developed for science and mathematics education to pro-
vide clear goals for students, teachers, and administrators
in each subject area. (For more ir_lf_ogrzle_lt_iqn_ on science
and mathematics standards, see-Chapter 3.)'Also, new
assessment strategies have been created to measure the
outcome of new instructional methods. This volume pro-
vides an examination of the extent to which these reform
efforts have been adopted by educators throughout the
United States.

SYSTEMIC REFORM

Systemic reform is an approach to educational change
based on the premise that achieving excellence and equity
will require more than piecemeal attacks on the education-
al system. Three elements are central to systemic reform

01 high standards for learning expected from all students;

[ alignment among the parts of the educational system;
and

[ a change in the governance of education, which
includes greater school site flexibility and control over
resources and strategies of curriculum implementation.
Systemic reform efforts include more, however, than

just a vision of change in classroom instruction. They

U involve the community and the public in promoting
change by encouraging partnerships among the sectors
of education institutions and among parents, business-
es, and the community to develop goals for students;


http://inet.ed.gov/G2K/
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01 offer an enhanced role for what has been called “infor-
mal science” learning experiences—museums, parks,
and radio and television, etc.—in improving the edu-
cational system;

0 give professional development enhanced prominence,
with the idea that such development is important for
all actors in the educational enterprise; and

[ view the elementary and secondary system as integrally
related to the postsecondary system; both community
colleges and 4-year institutions are involved.

Systemic reform efforts emphasize an alignment among
parts, with consistent and coherent policies, instructional
practices, and assessments. For instance, instruction in
elementary grades should be articulated with that of sec-
ondary grades, and instruction in elementary and sec-
ondary schools should prepare students to succeed both
in the postsecondary education environment and as new
entrants to the workforce.

The vision that forms the foundation for systemic
change forces educators to expand the definition of
excellence. It considers new components, as well as the
extent of alignment of the components toward a common
goal. Many of the necessary measurements of alignment
are not currently available. Those that could be identified

Further development of appropriate indicators must be
continued to improve measurements of the conditions
that affect the health of the entire school system.

STANDARDS

Standards for teachers and students that were devel-
oped by national professional societies play a pivotal role
in systemic reform efforts. Indeed, the description of
instruction and learning portrayed in both the science
and mathematics standards is one that is at the heart of

ence community, is developing science standards, build-

ing on the!American_Association for the Adyancement:

+of Science’s' Project 2061 and the}National Science!

1 Teachers Association’siThe Content Core. The National
Council for Teachers of Mathematics developed standards
that were published in 1989, 1991, and 1995. Both sets of
standards call for changes in teaching methods, teacher
preparation, the learning environment, and the system’s
expectations of all students.

These standards are not merely a restatement of the
status quo. They stress high levels of science and mathe-
matics competency. They call for a different kind of
instruction, emphasizing depth of understanding over
breadth of coverage and instruction to promote problem
solving. In addition, the role of the teacher becomes one
of coach or model—with students expected to engage in

hands-on, inquiry-based learning—rather than purveyor
of knowledge. The principles within the standards are
widely accepted by leaders of the education associations
to provide a path to excellence.

ASSESSMENT

Assessment is a tool that not only measures, but also
drives, instruction. As such, educators consider it a criti-
cal part of the teaching and learning cycle. The types of
assessment used in schools throughout the country have
begun to change in recent years. Experiments and
research are underway to develop new testing strategies
that require more problem solving and active engagement
on the part of the students. This new generation of tests
is expected to contribute to a more demanding educa-
tional system in which all students are expected to be
competent in solving problems as well as knowing facts.

FEDERAL FUNDING

One of NSF’s missions is to provide research, guidance,
and support for science and mathematics education in the
United States. NSF provides funds to support graduate
and undergraduate students in specific science and engi-
neering fields, and primary responsibility for educational
programs at NSF is vested in the Directorate for

Education and Human Resources'(EHR). Since the

1980s, EHR has grown rapidly, largely propelled by
increases in programs for elementary and secondary educa-
tion. Although EHR spent only 22 percent of its budget
on elementary and secondary education programs in 1980,
it expended about 57 percent of its budget on these pro-

The science and mathematics
standards are not merely a
restatement of the status quo.
They call for a different kind of
instruction, emphasizing depth of
understanding over breadth of
coverage and instruction to

promote problem solving.
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FIGURE 1-1
Funding for sectors of education by the NSF Directorate for Education and Human Resources (EHR): 1980 to 1994
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SOURCES: National Science Foundation. (1992). EHR Directory of awards: Fiscal year 1990 (NSF 92-75). Washington, DC: NSF; National Science Foundation. (1994). [Budget figures]. Unpublished tabulations.
See appendix table 1-1.

large proportion of these funds financed systemic
approaches to increase the alignment of projects within a
state or city to achieve a more unified policy and structure
for elementary and secondary education.

Although Federal funding is a small portion of the 800 7
state and local government expenditures for science and Dept. of Health &

) . . . Human Servi
mathematics education, changes in Federal funding may 700 uman Services
Department of Defense

provide useful indicators of changes in national priorities. L
_ 3 : ) ) B Other seven agencies
NSPFs financial contribution to education represents 600 B Department of Education
about one-fourth of the total Federal investment in sci- B National Science
Foundation
£ 500
. 426
1 T 400

FIGURE 1-2

Budget obligations of 11 Federal agencies
for science and mathematics education: 1994
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Even as educators have continued to search for new
ways to enhance excellence and equity during the past 2 0
decades, the demographic context of the educational sys- Kindergarten to 12th Undergraduate 4-year
tem has Changed. Several Of the Changes that occurred in 10ther Federal agencies include the departments of Agriculture, Commerce, Energy,
. . Interior; Smithsonian Institution; National Aeronautics and Space Administration; and Environmental
the past 2 decades are ones that directly influence perfor- Protection Agency.
. . . . NOTES: Because of definitional changes, these figures may not be compatible with
mance Of US. Students. Slnce most Of the mdlcators n previous analyses of this topic. Agency figures may be different as a result of evolving priorities for uses of
. . . . . funding. The figures reflect appropriated amounts.
thlS Volume are averages Of a dlverse populatlon dlStI‘lb— SOURCE: NSTC-CET Budget Working Group. (1995). [Budget figures from departmental
. budget offices]. Unpublished tabulations.
uted over 50 states, they reflect important trends, such as See appendix table 1-2
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demographic changes occur slowly, they have limited
influence on education indicators.

ELEMENTARY AND SECONDARY

Between 1970 and 1985, the size of the elementary
and secondary population declined. In 1985, it began
increasing again. During this period, racial and ethnic
diversity increased slightly within the elementary and
secondary school population. By 1993, the white popula-
tion was 16 percent smaller than it had been in 1970.
The black population was about the same size as in 1970,
and the population of other races, mostly Asian, grew.
The Hispanic population increased by 2 million stu-
dents, or about two-thirds, between 1975—when it was
first measured—and 1993, to about 12 percent of the

Corresponding to the increase in the Hispanic popula-
tion was an increase in the number of children who did

not speak English in the home. (Seelfigure 1»4-:and

[T

FIGURE 1-3

Number and percent of students enrolled in
grades 1-12, by race or ethnic origin: 1970 to 1993
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SOURCES: U.S. Bureau of the Census. (1990). School enrollment-social and economic
characteristics of students: 1989 (Current Population Reports, Population Characteristics Series
P-20, No. 443). Washington, DC: U.S. Government Printing Office; U.S. Bureau of the Census.
(1991). School enrollment-social and economic characteristics of students: October 1990 (Current
Population Reports, Population Characteristics Series P-20, No. 460). Washington, DC: U.S.
Government Printing Office; U.S. Bureau of the Census. (1994). School enroliment-social and
economic characteristics of students: October 1993 (Current Population Reports, Current
Population series, P-20, No. 479). Washington, DC: U.S. Government Printing Office.

See appendix table 1-3.

ber of children who spoke a language other than English
at home increased from 4.5 million to 6.3 million, or
from 10 percent to 14 percent of all children. In 1990,
just under 1 million children, about 2 percent of all chil-
dren, reported that they did not speak English well or at

Bureau'that they speak English very well. However, this

change in the number of children who normally speak a
language other than English at home was not large
enough to have any dramatic effect on the indicators of
student performance presented in this volume.

Opverall, elementary and secondary students of all races
and ethnic origins were more likely in 1993 than in pre-
vious years to have parents with higher education levels.

1993, the proportion of parents who had received at least
some college education increased from 25 percent to 49
percent. However, in 1993, only 37 percent of black and

FIGURE 1-4

Number of children ages 5-17 speaking a
language other than English at home:
1980 and 1990
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NOTES: Includes only children in households and excludes children in group quarters.
SOURCES: U.S. Department of Commerce. (1980). 1980 Census of population, detailed
population characteristics: United States summary (PC-80-1-D1-A). Washington, DC: U.S.
Bureau of the Census; U.S. Department of Commerce. (1990). 7990 Census of population
(CPH-L-96). Washington, DC: U.S. Bureau of the Census.

See appendix table 1-4.
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FIGURE 1-5
Education level of parents of elementary
or secondary school students, by student
race or ethnic origin: 1970 to 1993
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Washington, DC: U.S. Government Printing Office; U.S. Bureau of the Census. (1993). School
enrollment—social and economic characteristics of students: October 1992 (Current Population
Reports, Population Characteristics Series P-20, No. 474). Washington, DC: U.S. Government Printing
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See appendix table 1-5.
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22 percent of Hispanic parents had received at least some
college education. About one-half of the increases in the
proportion of students who performed at a basic level on

parental education levels.? (See! Chapter 2! )

In 1993, students of any race or ethnic origin were
more likely to be members of one-parent families. (See
figure 1-6.) The proportion of one-parent families
increased from 13 percent in 1970 to 30 percent in 1993;
in 1993, 63 percent of black families had only one par-

longer assume that chlldren have parents at home to
monitor school activities.

The proportion of children living in families with
incomes below the poverty level increased steadily
between 1970 and 1993—from 14 percent to 20 percent

dixitable 1-2.) Although the proportlon of black children

FIGURE 1-6

Percent of white, black, and Hispanic families
with only one parent present, by race or
ethnic origin: 1970 to 1993
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SOURCES: U.S. Bureau of the Census. (1992). Household and family characteristics: March 1991
(Current Population Reports, Population Characteristics Series P-20, No. 458). Washington, DC:
U.S. Government Printing Office; U.S. Bureau of the Census. (1993). Household and family
characteristics: March 1992 (Current Population Reports, Population Characteristics Series P-20,
No. 467). Washington, DC: U.S. Government Printing Office; U.S. Bureau of the Census. (1994).
Household and family characteristics: March 1993 (Current Population Reports, Population
Characteristics Series P-20, No. 477). Washington, DC: U.S. Government Printing Office.

See appendix table 1-6.
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living in families with incomes below the poverty level
did not increase substantially during this period, it
remained high—at about 43 percent. High or increasing
levels of poverty for various populations could have a
negative influence on educational excellence and equity.

POSTSECONDARY

Somewhat less racial and ethnic diversity exists among
the college population than the elementary and sec-
ondary population, and diversity among postsecondary
students has not changed greatly in the past decade.
Between 1970 and 1993, the proportion of students
enrolled in college who were white clecreased (See; ﬁgure-

dents has increased l1ttle since 1975, when it reached 10
percent. The proportion of students of other races and of
Hispanic origin each increased to about 7 percent of stu-
dents enrolled in college by 1993.

THE ORGANIZATION OF THE REPORT

This report considers changes in science and mathe-
matics education in the United States with regard to
excellence and equity within the educational system. The
data are presented in three chapters, followed by a con-
cluding chapter:

\Chapter 2!'provides an update on the achievement of
students, looking at overall changes in achievement and
differences by sex, race and ethnic origin, and region.
The chapter reports some “good news,” in terms of excel-
len_ce and equity; however, many questions remain.

1Chapter 3! considers the characteristics of the elemen-
tary and secondary educational system, examining the
adequacy of teachers, curricula, and resources in light of
what the science and mathematics standards have pre-
sented as a guiding vision for science and mathematics
instruction. These data provide the basis for both celebra-
tion and concern. These analyses also highlight areas
wlle_re information is slim.

1 Chapter ilooks at postsecondary education. It consid-
ers how well the system is producing students who are
adequately prepared for the science, engineering, and
technology workforce. This chapter examines equity in
terms of scientific literacy [t also considers how U S. stu-

'Cha_p_ter_S ' the concluding chapter, contains adcl1t10nal
reflections, not as much on what the indicators say, but
on what the present system of indicators does not say.
The chapter returns to policy issues and suggests critical

themes that researchers should pursue in the future. m

FIGURE 1-7

Percent of white and black children ages 6-17
below the poverty level: 1970 to 1993
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NOTE: Poverty status of 1970, 1980, 1990, and 1993 as surveyed on a sample in March of 1971,
1981, 1991, and 1994, respectively.

SOURCES: U.S. Bureau of the Census. (1971). Characteristics of the low-income population:

1970 (Current Population Reports, Population Characteristics Series P-60, No. 18). Washington, DC:
U.S. Government Printing Office; U.S. Bureau of the Census. (1981). Characteristics of the population
below the poverty level: 1980 (Current Population Reports, Population Characteristics Series P-60,
No. 133). Washington, DC: U.S. Government Printing Office; U.S. Bureau of the Census. (1991).
Poverty in the United States: 1990 (Current Population Reports, Population Characteristics Series P-60,
No. 175). Washington, DC: U.S. Government Printing Office; U.S. Bureau of the Census. (1994).
Official poverty statistics: 1993 (Current Population Reports, Population Characteristics Series P-60,
No. 188). Washington, DC: U.S. Government Printing Office.

See appendix table 1-7.

FIGURE 1-8

Race or ethnic origin of students
enrolled in college: 1970 to 1993
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NOTES: Data not available for Hispanics before 1975. Persons of Hispanic origin may be

of any race.

SOURCES: U.S. Bureau of the Census. (1990). School enroliment-social and economic
characteristics of students: 1989 (Current Population Reports, Population Characteristics Series
P-20, No. 443). Washington, DC: U.S. Government Printing Office; U.S. Bureau of the Census.
(1991). School enroliment-social and economic characteristics of students: October 1990 (Current
Population Reports, Population Characteristics Series P-20, No. 460). Washington, DC: U.S.
Government Printing Office; U.S. Bureau of the Census. (1994). School enroliment-social and
economic characteristics of students: October 1993 (Current Population Reports, Current
Population Series, P-20, No. 479). Washington, DC: U.S. Government Printing Office.

See appendix table 1-3.
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ENDNOTES

'As specified in the Senate 1991 Appropriations Bill
(HR 5158), this report is a congressionally mandated
one:

“...In addition, the Committee expects the [National
Science] Foundation to establish a biennial science and
mathematics education indicator report, distinct from the
science and engineering indicator report, that evaluates
the progress of the United States in improving the sci-
ence and mathematics capability of its students, and the
effectiveness of all Federal and State education programs
as part of this process.”

?Calculated by deriving the percentage of students
achieving basic levels in 1982 and 1992 for each educa-
tion level of parents and adjusting the education of par-
ents to a current population.
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ACHIEVEMENT OF STUDENTS BY RACE
AND ETHNIC ORIGIN

chievement tests provide key information about
trends in science and mathematics education—

such as how students are doing in mathematics
Over the past 15 years, student achievement on the

and science, whether student performance is improving,

whether students of all races and ethnic origins are scor- £ YatlONAL ASSESSIENT Of Eucdtional TTogress

ing equally well, and whether any differences exist

between the scores of males and females. This informa-

tion provides a useful measure of educational progress, ,SEDIC Groups. ACaIIsIIes 224
1

even though the tests examine only a fraction of stu- ~ S@RE%. 47

dents’ knowledge and tend to reflect older notions of The percentage of white students who scored at or

€« : ”
mathematics and science, such as recitation of fact rather above “basic performance” levels, at all ages and for both

than demonstration of performance.
This chapter examines academic achievement in sci- FIGURE 2-1

ence and mathematics of various groups of students— NAEP science and mathematics proficiency,
by percent of students at or above

whites and minorities, males and females, students in var- anchor point 250 and age: 1977 to 1992

ious states, and students from other countries—as a basis
for discussion of elementary and secondary science and Science
. . egemmm—= . 100
mathematics education in,Chapter 3.
90

DATA SOURCES FOR THIS CHAPTER 0 —

70
............................... 1
1

(NAEP) tests are the primary source of information
about educational achievement in the United States.
NAEP tests have tracked student achievement in sci-
ence, mathematics, reading, writing, and other sub-
jects for more than 25 years. The advantages of NAEP
tests are that they are administered to a representative
national sample of students and allow for comparisons
over time on comparable test items. The disadvan- ° yo77 1982 1986 1080 1992
tages are that the test items, which remain consistent
over time to show trends, may not adequately capture Mathematics
current classroom experiences and that the tests use 1
small sample sizes, especially for black, Hispanic, and 90
Asian students. 80
Longitudinal measures of student achievement com-
et e evneliion: dhew (o N B e,
'The National Education Longitudinal Study(NELS)
program is a continuing long-term project designed to
study the educational, vocational, and personal devel-
opment of students at various grade levels. NELS and "
the High School and Beyond Study provide data that e
are not available from NAEP, including information ? ReTTTToTTTT
on student background and detailed and reliable mea- 10
sures of family background. The drawback of these lon-
gitudinal surveys is that the measures of student perfor-
mance are much shorter, hence less rehable, than SOURCE: Mullis, 1.V.S., et al. (1994). NAEP 1992 trends in academic progress (Report

No. 23-TR01). Washington, DC: National Center for Education Statistics.
those in NAEP. m See appendix tables 2-1 and 2-2
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FIGURE 2-2

NAEP science and mathematics proficiency, by percent of students
at or above selected anchor points, age, and race or ethnic origin: 1977 to 1992
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SOURCE: Mullis, 1.V.S., et al. (1994). NAEP 1992 trends in academic progress (Report No. 23-TR01). Washington, DC: National Center for Education Statistics.
See appendix tables 2-1 and 2-2.
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science and mathematics, increased somewhat less races and ethnic groups, those differences are narrowing

between 1977 and 1992 than the percentage of black and over time.

Hispanic students scoring that well. Results of the 1992

NAEDP science test showed that NELS SCORES SUPPORTING NAEP DATA

0 the percent of 9-year-old students who scored at 200 or
above increased by 24 percentage points for black stu- Increases in mean scores of all students on the National
dents, 14 percentage points for Hispanic students, and Education Longitudinal Study (NELS) tests generally sup-
9 percentage points for white students since 1977; port this upward trend in the achievement of all students

01 the percent of 13-year-old black students scoring at and the narrowing of the gap in achievement scores of stu-
250 or above increased more slowly between 1977 and dents from various races and ethnic groups. Among all
1992 than the percent of white or Hispanic students eighth graders, from all races and ethnic groups, NELS
scoring at this level; and mathematics test scores rose significantly between 1980

01 the scores of 17-year-old students of all races and eth- and 1990—from 33 in 1980 to 36 in 1990. The mean
nic groups increased more slowly since 1977 than the scores of black and Hispanic students increased 4 points.
scores of younger students. The mean scores of white students increased 3 points; the

Results of the 1992 NAEP mathematics test showed that mean scores of Asians increased 1 point.

0 the percent of 9-year-old students who scored at 200 or Even among students of the same socioeconomic sta-
above increased by 18 percentage points for black stu- tus, large differences remain between the scores of Asian
dents, 11 percentage points for Hispanic students, and and white students and scores of s_tudenEs_o_f other races _
11 percentage points for white students since 1978; and ethnic origins. (Seefigure 2- 3iandiappendix table 2-1

71 the percent of 13-year-old students who scored at 250 or 1.3 LAttempts to explain why these gaps persist, even
above increased by 22 percentage points for black stu- among students of the same socioeconomic status, gener-
dents, 27 percentage points for Hispanic students, and ate a great deal of controversy. Some authors cite cultural
12 percentage points for white students since 1978; and differences; others point out the difficulty and impreci-

01 the percent of 17-year-olds who scored at 300 or above sion entailed in applying measures of socioeconomic sta-
increased by 13 percentage points for black students, tus across ethnic groups or t_h_e_e_ff_ects of barriers erected
16 percentage points for Hispanic students, and 9 per- by a majority society _(Q_glztl,_l_9_94_})
centage points for white students since 1978.

The increases between 1977 and 1992 represent a Locus OoF IMPROVEMENTS

large change for significant proportions of the student

population. While considerable differences in achieve- Most of the progress in average achievement scores can

ment remain among white students and students of other be attributed to an increase in the scores of the lowest

FIGURE 2-3

NELS mathematics proficiency levels in eighth grade, by race or ethnic origin and socioeconomic status (SES): 1988
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SOURCE: Rock, D.A., Pollack, J.M., & Hafner, A. (1991). The tested achievement of the national education longitudinal study of the 1988 eighth grade class (NCES 91-460).
Washington, DC: U.S. Department of Education.
See appendix table 2-3.
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scoring students. Both science and mathematics achieve-
ment scores of black and Hispanic students in the 5th and
25th percentiles increased significantly between the late
1970s and 1992. For example, the achievement level of
13-year-old black students scoring at the 5th percentile in
mathematics increased 17 percent between 1978 and

IN SCIENCE AND MATHEMATICS 17

1992. Similarly, the achievement level of 13-year-old

Hispanic students scoring at the 5th percentile increased
18 percent during the same period, and the achievement
level of 13-year-old white students scoring at the 5th per-

The achievement level of all students, of every race or

FIGURE 2-4

NAEP mean science score percentile distributions: 1977 to 1992
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SOURCE: Mullis, I.V.S., et al. (1994). NAEP 1992 trends in academic progress (Report No. 23-TR01). Washington, DC: National Center for Education Statistics.
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FIGURE 2-5

NAEP mean mathematics score percentile distributions: 1978 to 1992
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SOURCE: Mullis, 1.V.S., et al. (1994). NAEP 1992 trends in academic progress (Report No. 23-TR01). Washington, DC: National Center for Education Statistics.

ethnic origin, scoring at the 75th and 95th percentiles did
not increase as much or at all during the same period. For
example, the achievement level of 13-year-old black stu-
dents scoring at the 95th percentile in mathematics
increased only 3 percent between 1978 and 1992; for

Indicators of Science and Mathematics Education 1995

Hispanic students, it increased only 4 percent; and the
achievement level of white students actually declined 1
percent during the same period.



FIGURE 2-6

Percent of age 9 students answering NAEP
mathematics questions correctly,
by race or ethnic origin: 1978 and 1992
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NOTE: Numbers shown are rounded to the nearest whole number.
SOURCE: Mullis, 1.V.S., et al. (1994). NAEP 1992 trends in academic progress
Report No. 23-TR01). Washington, DC: National Center for Education Statistics.

An examination of student performance on individual
NAEP mathematics test items provides a detailed look at
trends in student achievement. Between 1978 and 1992,
students made dramatic progress on some kinds of test

items. (See Ef1gures 2—6:andl2:7_:) In particular, 9- and 13-

_______ [N

FIGURE 2-7

Percent of age 13 students answering NAEP
mathematics questions correctly,
by race or ethnic origin: 1978 and 1992
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SOURCE: Mullis, I.V.S., et al. (1994). NAEP 1992 trends in academic progress
(Report No. 23-TR01). Washington, DC: National Center for Education Statistics.
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year-old black and Hispanic students significantly
improved their scores on items that required reading and
interpreting data from a chart, table, or graph.

For example, on a test item requiring students to read
data in a bar graph, more than twice as many black and
Hispanic students at age 9 gave correct answers in 1992
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as in 1978. A recent emphasis on graphing and charting
in elementary schools could help account for these gains.
Among all students, achievement also increased signif-
icantly on items involving the use of computational
skills, such as subtracting whole numbers and converting
fractions to decimals, and knowledge of basic geometry.
Between 1978 and 1992, NAEP mathematics achieve-
ment declined on only a few items (10 percent of the
published items), such as solving number sentences, relat-
ing parts to the whole, estimating metric measures, and

STUDENT ACHIEVEMENT
IN MATHEMATICAL PROBLEM SOLVING

Problem solving is a critical skill in mathematics. To
tap students’ achievement in this area, the 1992 NAEP
included two types of question format, in addition to mul-
tiple-choice items:

01 short constructed-response questions that asked stu-
dents to carry out a calculation and write an answer,
examine a situation and describe why one alternative
or another was correct, or measure or draw a geometric
figure given some boundary conditions; or

extended constructed-response questions that provided
students the opportunity to express mathematical ideas

Few students of any race or ethnic origin demonstrated
proficiency in mathematical problem solving by correctly
answering the more challenging, extended constructed-

lower than white students on all of these questions, espe-
cially on questions that required sophisticated kinds of
problem solving skills. The gap was most pronounced on
questions that emphasized application to real-life settings.

PERFORMANCE OF COLLEGE-BOUND STUDENTS

Although the population of 18-year-olds declined
between 1987 and 1993, the number of students taking

One reason was that increasing numbers of female and
minority students took the examinations. Females took
more than half of the Scholastic Aptitude Tests (SAT)
and American College Tests (ACT) administered during
the past few years. In 1993, 27 percent of SAT test takers

FIGURE 2-8

Average percent of NAEP mathematics questions
answered correctly, by type of question, race
or ethnic origin, and age: 1992
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SOURCE: Dossey, J.A., Mullis, 1.V.S., & Jones, C.O. (1993). Can students do mathematical
problem solving? Results from constructed-response questions in NAEP's 1992 mathematics
assessment. Washington, DC: U.S. Department of Education.

See appendix table 2-4.
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ACHIEVEMENT IN SCIENCE AND MATHEMATICS

SCIENCE

On the 1993 ACT science reasoning section, the
mean scores of students from various races and ethnic
groups ranged widely. The mean score of Asian students
was considerably higher than the mean score of white
students, and the mean score of all other minority groups
was considerably lower than the mean score of white stu-

section _is_d'esigneci to measure students’ interpretation,
analysis, evaluation, reasoning, and problem-solving
skills in the natural sciences. The SAT does not have a
science section.

MATHEMATICS

Between 1987 and 1993, the mean scores on the math-
ematics section of the SAT and ACT increased for stu-
dents from all races and ethnic groups. For example, the
mean score of all students taking the SAT increased 2

on both tests within each race or ethnic group represent
a decrease in the percent of students scoring at the lowest

ing is consistent with the pattern for NAEP scores.

Large gaps remain between the SAT and ACT mathe-
matics scores of students from various races and ethnic
groups. Asian students score considerably higher than
white students on both tests, and all other minority
groups score considerably lower than either Asian or
white students.

In 1993, black students had the lowest mean score
(388) on the mathematics section of the SAT, with the
largest percentage of students scoring below 400 (57 per-
cent) and the smallest percentage scoring above 600 (4
percent). In fact, only 0.5 percent of black students (479
students) scored above 700, and only 0.1 percent (103
students) scored above 750. As low as these percentages

1993 ). The trends among Hispanic students are similar.

The scores of Asian students improved between 1987
and 1993, especially among top-scoring students. In
1993, Asian students’ mean score on the mathematics
section of the SAT was 535, up from 521 in 1987. The
proportion of Asian students scoring above 600 increased
from 32 percent in 1987 to 36 percent in 1993. The per-
centage of Asian students with scores over 750 increased
from 3.3 percent (1,945 students) to 5.4 percent (4,276
students) in this same period. The scores of white stu-
dents changed very little between 1987 and 1993.

COLLEGE ENTRANCE EXAMS REVEAL
TRENDS ON COLLEGE-BOUND YOUTH

source of background data on college-bound youth
and a predictor of college success. However, any
interpretations about SAT data must be tempered
because students who take the SAT are not represen-
tative of the Nation’s students. This chapter exam-
ines SAT scores from 1987 (the first year extensive
information on the performance of various ethnic
groups across the distribution of scores was available)

The'American College Test!'(ACT) is another pre-
dictor of college success. As with the SAT, students
taking the ACT are not representative of all stu-
dents. This chapter draws from data on the popula-
tion of students who took the ACT. Because a new
mathematics test was introduced in 1990 and a new
science test in 1991, comparisons with earlier years

are impossible. ®

FIGURE 2-9

18-year-old population compared with number of
college preparation test takers: 1987 and 1993
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SOURCES: U.S. Department of Commerce. (1987). Projections of the population of the United
States, by age, sex, and race: 1983 to 2080 (Current Population Report Series P-25, No. 952).
Washington, DC: U.S. Bureau of Census; U.S. Department of Commerce. (1993). Projections

of the population of the United States, by age, sex, and race: 1988 to 2080 (Current Population
Report Series P-25, No. 1018). Washington, DC: U.S. Bureau of Census; National Center for
Education Statistics. (1993). Digest of education statistics 1993 (NCES 93-292). Washington, DC:
U.S. Government Printing Office; College Board. (1987). National college-bound seniors: 1987 SAT
profile. New York: College Board; College Board. (1993). National college-bound seniors: 1993 SAT
profile. New York: College Board.
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FIGURE 2-10
Percent of students earning each standard score
in science reasoning on the ACT, by race or
ethnic origin: 1993
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SOURCE: American College Testing (ACT). (1993). Reference norms for spring 1993 ACT
tested H.S. graduates. lowa City, IA: ACT.

FIGURE 2-11

Distribution of SAT mathematics scores,

by race or ethnic origin: 1987 and 1993
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SOURCES: College Board. (1987). National college-bound seniors: 1987 SAT profile. New York: College
Board; College Board. (1993). National college-bound seniors: 1993 SAT profile. New York: College Board.
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FIGURE 2-12

NAEP science and mathematics proficiency, by percent of students
at or above selected anchor points, age, and sex: 1977 to 1992
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SOURCE: Mullis, 1.V.S., et al. (1994). NAEP 1992 trends in academic progress (Report No. 23-TR01). Washington, DC: National Center for Education Statistics.
See appendix tables 2-5 and 2-6.
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ACHIEVEMENT OF STUDENTS BY SEX

Between 1977 and 1992, little difference existed
between the NAEP science scores of elementary males and

17- year—old males than 17 year—old females scored 300 or
more on the 1992 NAEP science test. Notably, this differ-
ence was less than in 1977, when 14 percent more 17-year-
old males than 17-year-old females scored 300 or more.
Between 1978 and 1992, males and females in elemen-
tary and middle schools scored equally well on NAEP

ence between the NAEP mathematics scores of males
and females in high schools narrowed considerably.

In contrast to the performance of male and female stu-
dents on NAEP and NELS mathematics tests, females
score significantly lower than their male counterparts on
For example, in 1987, the mean score for all females takf
ing the SAT was 47 points lower than the mean score for
males—453 versus 500. Although the mean score of
females rose slightly by 1993, it was still 45 points lower
than the mean score of men—457 versus 502.

Furthermore, females are overrepresented in the lower
end of the scale and underrepresented in the high end of
the scale. In 1993, while only 22 percent of males scored
below 400, 32 percent of females did. Conversely, while
25 percent of males scored over 600, only 13 percent of
females did. That same year, less than 0.1 percent of
minority females scored over 750.

On the ACT science reasoning test, males scored 6
percent higher than females in both 1991 and 1994. On
the ACT mathematics test, males scored 6 percent higher

FIGURE 2-13
Distribution of SAT mathematics scores, by sex: 1993
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SOURCE: College Board. (1993). National college-bound seniors: 1993 SAT profile. New York:

College Board.
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STATE, REGIONAL,
AND INTERNATIONAL ACHIEVEMENT

NAEP mathematics scores for white students in some
southern states and Appalachia are significantly lower
than scores for similar students in the rest of the country

The mean scores of black students do not vary region-
ally in the same pattern as the mean scores for white stu-
dents; indeed, few statistically signiﬁcant differences exist

above-average scores, such as New York, California, and
Michigan, are about the same as the mean scores of 13-
year-old black students in states where whites show
below-average achievement, such as Mississippi and
Tennessee. None of the average scores of black or
Hispanic students is as high as the lowest average scores
for white students

Most alarming were striking drfferences between the
scores of 9- and 13-year-old students, especially in sci-
ence, which suggest that U.S. students do not receive the
same type of science and mathematics education between
ages 9 and 13 as their foreign counterparts.

Although 9-year-old students in the United States
earned competitive scores on the IAEP science test,

STATE NAEP SCORES
ALLOW REGIONAL COMPARISONS

NAEP began a Trial State Assessment Program of
eighth-grade students in 1990; the program expanded
in 1992 to include both fourth- and eighth-grade stu-
dents. In 1992, the NAEP Trial State Assessments pro-
duced data on the mathematics performance of stu-
dents from 37 states. Although the data have limited
value for comparisons across time and do not lend
themselves to direct comparisons among the various
states’ education systems, they reveal interesting
regional patterns of achievement. Unfortunately, few
researchers have examined the existence or absence of
regional differences in NAEP scores; certainly, social,
economic, and cultural factors need to be examined. =
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FIGURE 2-14
Mean scores of 13-year-old public school white students on NAEP mathematics test: 1992
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SOURCE: National Center for Education Statistics. (1993).
Data almanac: NAEP's 1992 assessment in mathematics
[CD-ROMY]. Princeton, NJ: Education Testing Service
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FIGURE 2-15

Mean scores of 13-year-old public school Hispanic students on NAEP mathematics test: 1992
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*This category also includes states where there were
too few sample cases for a reliable estimate.

o SOURCE: National Center for Education Statistics. (1993).
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290 t0 236 [Distributor].
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FIGURE 2-16
Mean scores of 13-year-old public school black students on NAEP mathematics test: 1992
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*This category also includes states where there were
too few sample cases for a reliable estimate.
SOURCE: National Center for Education Statistics. (1993).

[l 251 or higher Data almanac: NAEP's 1992 assessment in mathematics

W 244 to 250 > [CD-ROM|]. Princeton, NJ: Education Testing Service
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IAEP ALLOWS
INTERNATIONAL COMPARISONS

Theilnternational Assessment of Educational

comparison study of mathematics and science
achievement—20 countries assessed science and
mathematics achievement of 13-year-old students; 14
countries assessed science and mathematics achieve-
ment of 9-year-olds. The data in this chapter for 9-
year-olds are based on a subset of 10 countries and for
13-year-olds on a subset of 14 countries. The countries
selected for comparison are those “that assessed com-
prehensive target populations and that represent

1995

13-year-old students performed poorly relative to those in

Overall, 9-year-old students ranked third, with an average
of 65 percent of questions answered correctly. Korea, the
top-scoring country, answered an average of 68 percent
correctly. The mean score of U.S. 9-year-olds at the 95th
percentile was identical to the score of Korean students at
the 95th percentile; only students in Taiwan averaged
higher scores. U.S. 9-year-olds scored above the interna-
tional average in each of the content areas measured by
the test, including life science, earth and space science,
and the nature of science, except physical science.

Among 13-year-olds, the United States had the second
lowest mean score. U.S. students answered an average of
67 percent of questions correctly. Top students in five
countries outperformed U.S. students who scored at the
95th percentile, and 10 of the 13 other countries outper-
formed U.S. students who scored at the 5th percentile.
U.S. 13-year-olds scored below the international average
in each of the content areas measured by the test, except
the nature of science.

FIGURE 2-17
IAEP science scores for selected countries at 5th percentile, mean, and 95th percentile, by age: 1991
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SOURCE: Bybee, R.W., et al. (1994). Science: Measuring U.S. students' success. Princeton, NJ:
Educational Testing Service.
See appendix table 2-7.
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On the IAEP mathematics test, 9- and 13-year-old
students in the United States scored lower than students

in the United States scored second lowest. They
answered only 58 percent of questions correctly; Korean
students—who were the top performers—answered an
average of 75 percent of questions correctly. Moreover,
U.S. students who scored at the 95th percentile scored 3
to 5 percentage points lower than their counterparts in
the top-scoring countries. U.S. students in the 5th per-
centile performed worse than students in all countries
except Ireland. U.S. 13-year-olds scored worse than stu-
dents in any other country on the mathematics portion
of the IAEP; they answered only 55 percent of questions
correctly.

U.S. 9-year-olds performed below the international
average in all areas except data analysis, statistics, and
probability. U.S. 13-year-old students performed below
the international average on most of the areas measured

IN SCIENCE AND MATHEMATICS

by the test, including numbers and operations; measure-
ment; geometry; data analysis, statistics, and probability;
and algebra and functions.

When a special study ranked NAEP and IAEP mathe-

Students in the highest performing states—Iowa, North
Dakota, Minnesota, Maine, and New Hampshire—per-
formed at the same level as students in the top-perform-
ing countries— Taiwan, Korea, Soviet Union, and
Switzerland. Furthermore, the students in the lowest per-
forming states—Alabama, Louisiana, and Mississippi—
performed at the same level as students in the lowest per-
forming country—]Jordan.

Moreover, the range of scores within each state was
greater than the range of scores within most countries.
Thus, the top-performing students within some states
score higher than the top-performing students in many
countries, and the lowest performing students score lower
than the lowest performing students in many countries.

FIGURE 2-18
IAEP mathematics scores for selected countries at 5th percentile, mean, and 95th percentile, by age: 1991
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SOURCE: Dossey, J.A., et al. (1994). Mathematics: How do U.S. students measure up?
Princeton, NJ: Educational Testing Service.
See appendix table 2-8.
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FIGURE 2-19

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

This chapter discusses science and mathematics perfor-
mance of students by race and ethnic origin and sex as a
ing environment in'Chapter 3} Over the past 15 years,
U.S. students have received higher scores on a variety of
science and mathematics achievement tests. During the
same period, the differences among the scores of students
from various races and ethnic groups have narrowed; how-
ever, black and Hispanic students continue to score signif-
icantly lower than white and Asian students. In addition,
although few differences exist among the achievement
scores of males and females on NAEP and NELS tests,
males score significantly higher than females on science
and mathematics college entrance examinations.

In the international arena, U.S. elementary school stu-
dents compete favorably on science tests with students
from other countries, but U.S. middle school students
have some of the lowest mathematics scores in the world.
Nevertheless, a direct comparison between the mathemat-
ics performance of countries and individual states shows as
much diversity within the country as worldwide—general-
ly, states in the Midwest rank as high as the highest per-
forming countries, and states in the South and Appalachia
rank as low as the lowest performing countries.

These trends in student achievement remain unex-
plained. Educators could make some progress toward
explanation if NAEP tests differentiated racial and ethnic
groups more finely and used larger sample sizes; still,
many questions would linger. NAEP and NELS offer a
very narrow window on the complexities of student
achievement. They measure just a small portion of what
students learn in school, and they measure it imperfectly.

The next generation of assessments should measure
students’ cognitive skills in a way that will illuminate
how education reform efforts under way across the
United States affect what students learn. In addition,
they ought to measure students’ ability to apply concepts
and solve problems. Finally, educators should explore
how economic and cultural values affect students’
achievement. m
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he U.S. elementary and secondary education sys-

tem is under considerable pressure to improve

performance—particularly performance in science
and mathematics—of elementary and secondary school-
children. The need for action was reinforced when inter-
national test scores for science and mathematics ranked
students in the United States behind students in much of

the rest of the world. (See!Chapter 2!) Subsequently, the
U.S. Government committed to achieve a set of National:

' Education Goals;by the year 2000.

Concurrently, groups within the science and mathe-
matics community began to develop national standards
on teaching, curriculum, and content for science and
mathematics education. The science community, repre-

sented by the:National Research Council, is working on a

science standards document. This document builds on
the American Association for the Advancement of

National Council of Teachers of Mathematics,(NCTM)

1
[ B B A et S B A T ar e e L]

released its standards for mathematics in 1989. (See side-

thar on the standardsion page 36.)

Both the science and the mathematics standards
address two major goals: equity and excellence. To this
end, they assert that science and mathematics should be
accessible to all students and that all students should
achieve a thorough understanding of the subjects.
Furthermore, both sets of standards recommend highly
prepared teachers working in well-equipped, facilitative,
and supportive environments; curricula organized around
central, unifying concepts; and instructional practices
and resources that emphasize problem solving, active stu-
dent involvement, and hands-on participation.

This chapter provides an overview of how well, and to
what extent, elementary and secondary school systems
across the country are measuring up to these standards by
presenting available data for selected indicators of the
elementary and secondary learning environment as they
relate to the national standards. (See;text table 3-1})

The learning environment is described by the four
components reflected in this chapter:

0 curriculum—the adequacy of science and mathematics
courses as indicated by state curriculum frameworks,
graduation requirements, coursetaking patterns, and
ability grouping;

teachers—their characteristics, preparation, and profes-
sional development;

instructional practices—use of in-class time, student
participation in long-term projects, participation in

1995

Both the science and the mathematics
standards address two major goals:

equity and excellence.

other instructional activities, and use of traditional and
alternative assessment techniques; and
[J resources—the availability and sufficiency of text-
books, classroom supplies and facilities, computers and
networks, and calculators.
For each component of the learning environment, this
chapter examines the current data and, where possible,
changes in the components over time.

CURRICULUM

The standards for curriculum recommend that all stu-
dents take science and mathematics continually in ele-
mentary and secondary school. The indicators selected as
measures of these standards are related to state curriculum
frameworks, graduation requirements, coursetaking, and
ability grouping.

STATE CURRICULUM FRAMEWORKS

There is no official, recognized, or approved national
curriculum in the United States. Instead, states develop
their own curriculum frameworks, content standards, or
curriculum guides that establish goals or standards for
elementary and secondary instruction. After the release
of the NCTM standards in 1989, states began modifying
their curriculum frameworks for science and
mathematics. By 1994, 24 states had published revi-
sions, and by 1995, still more states were in the process

Council of Chief State School Officers (CCSSO)found

that the new state guidelines are responding to the new
standards for mathematics and science by increasing the


http://www.ed.gov/pubs/goals/summary/goals.html
http://www.ed.gov/pubs/goals/summary/goals.html
http://www.nsta.org
http://www.aaas.org/aaas.html
http://www.ccsso.org
http://novel.nifl.gov/litdir/elandh/lnctmath.htm
http://www.nas.edu
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TEXT TABLE 3-1

Indicators for equity and excellence standards of the learning environment

Equity standard

Excellence standard

Indicator

Curriculum

Teachers

Instructional

practices

Resources

Science and mathematics courses
should be accessible to all students.

Teachers of both sexes and of different
races and ethnic groups should be equally

well prepared and have similar approaches.

Teacher beliefs about instruction

and their instructional practices

should not vary according to the race

or ethnic origin of the students in the class.

Students in all classes, regardless
of their race or ethnic origin, should
have the same resources.

- Students should enroll in science

and mathematics courses throughout

high school.

- Students should study specific content to

develop an understanding of key

unifying concepts.

- Teachers should have a firm content background.
- Teachers should have a supportive work

environment that encourages reflection.

- Teachers should have opportunities

for professional development.

- Instructional practices should require
"minds-on" student involvement

hands-on interaction

problem-solving experiences

prolonged, in-depth contact with central

or unifying concepts

a community of scholars in which both
teachers and students learn and where
respect is shown for student opinions and
prior knowledge

communication, demonstrated by
presentations of ideas and group interactions
assessment that emphasizes the process of
arriving at the answer and application of
knowledge to new situations

- Classes should have access to

hands-on activities

technology, including computers
and calculators

appropriate textbooks
supplemental and varied resource
reading materials

- State curriculum frameworks

- Graduation requirements
- Coursetaking

- Ability grouping

- Teacher characteristics

- Teacher beliefs about
teaching reforms

- Teacher preparation

- Teacher perceptions of
their own preparation

- Professional development

- Use of in-class time
- Participation in long-term

projects

- Participation in other

instructional activities

- Use of traditional or alternative

assessment techniques

- Teacher ratings of textbook

use and quality

- Teacher ratings of and

reported problems with
supplies and facilities

- Access to and use of

computers and networks

- Use of calculators

NOTE: This table was designed as an organizing framework by the authors of Chapter 3.
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STANDARDS FOR SCHOOL SCIENCE AND MATHEMATICS:
BACKGROUND, PURPOSE, GOALS, PRINCIPLES

BY LYNN ARTHUR STEEN

In contrast to other countries, the United States has always favored local over national control of education. But
by 1983, mounting evidence of failures of U.S. education moved the authors of A Nation at Risk to recommend
strengthened requirements, rigorous standards, and higher expectations for all students. This challenge was followed
by a profusion of headlines citing poor performance of U.S. students on international educational comparisons, espe-
cially in science and mathematics.

By 1989, rising public disillusionment with U.S. education led the Federal Government and state governors to set
national goals for education. Among the goals they adopted are two that lay the foundation for national curriculum
standards: One goal urges that all students demonstrate competency in challenging subjects including English, history,
science, mathematics, and geography, while another goal declares that by the year 2000 the United States should be
first in the world in mathematics and science education. Four years later, Congress wrote these goals into legislation.

Independently, but also in response to A Nation at Risk, the National Council of Teachers of Mathematics
(NCTM) began to develop the first national discipline-based educational standards. These voluntary standards were
the product of a multiyear consensus-building effort led by the Nation’s mathematics teachers and mathematicians.
The authority of these standards rests not on governmental mandate, but on the evidence and logic invoked by the
standards themselves. Published in 1989, the NCTM Standards quickly became the Nation’s premier example of edu-
cational “standards”—a set of public expectations, rooted in research and practice, that is intended to raise the acade-
mic achievement of all students.

Since 1989, the Nation has embarked on a standards-setting process in many subjects. Draft standards and bench-
marks for science education have now joined those in mathematics. As the movement toward national standards
gains momentum, it has taken on many different forms and often serves quite different purposes. Depending on the
context, educational standards can offer

O a vision of learning and teaching to guide educators at all levels;

a yardstick to measure the quality of educational programs;

a strategy to promote equality of educational opportunity;

a symbol of what society values in educational accomplishment;

a tool to enhance public accountability of the educational system;

a concrete expression of national goals for which all can strive;

a banner around which educators, parents, and politicians can rally; and

O a public statement of support for exemplary practice.

Standards create a shared vision of educational excellence, which can bring coherence and consistency to the
many separate components of the educational system—to schools and colleges, publishers and test-makers, and teach-
ers and administrators. Also, since standards give public expression to educational expectations, they enlist students,
teachers, and parents in support for a compelling vision of educational excellence. In this way, standards can express
expectations, communicate goals, and facilitate reform.

As standards serve many different purposes, so they also come in many different forms. Different standards docu-
ments may include

|
g
|
|
O
O

O Content Standards—what students should know and be able to do;

O Curriculum Standards—what students should learn and how they should learn it;
O Professional Development Standards—what support teachers need to be effective;
O Program Standards—what departments must provide for learning to take place;

O Teaching Standards—how teachers are expected to perform as professionals;

O Delivery Standards—what schools must provide in order that students can learn;
O Assessment Standards—how to monitor performance of students and programs;
O Evaluation Standards—how to measure what students know and can do;

O Opportunity-To-Learn Standards—what is necessary to enable students to learn;
O Performance Standards—how much students should know and be able to do;

O Skills Standards—what must be mastered as a prerequisite for specific jobs; and
O System Standards—how the components of a school system must work together.

Standards continued on page 37.
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GRADUATION REQUIREMENTS

States dramatically influence the elementary and sec-
ondary curricula by setting and enforcing graduation
requirements. Since 1980, when less than 20 percent of
states required 2 or more years of mathematics, states have
begun to require that high school students complete sub-
stantially more classes as a prerequisite for graduation.
This change, however, does not bring states into confor-
mity with the standards, which advocate, among other
things, that students take science and mathematics each
year during their 4 years of high school. Still, according to
the CCSSO, in 1992, only 84 percent of states required
two or more courses in science, and 86 percent of states

appendix table 3-11)

1
L )
COURSETAKING

In elementary schools, all students receive science and
mathematics instruction. Therefore, it is impossible to
examine coursetaking behavior; however, it is possible to
say that elementary teachers are spending more time than

Standards continued from page 36.

FIGURE 3-1

Percent of states imposing graduation
requirements in mathematics: 1974 to 1992
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SOURCES: Stecher, B. (1991). Describing secondary curriculum in mathematics and science: Current
conditions and future indicators (N-3406-NSF). A RAND note presented to the National Science
Foundation, Arlington, VA; Blank, R.K., & Gruebel, D. (1993). State Indicators of Science and Mathematics
Education 1993. Washington DC: Council of Chief State School Officers.

See appendix table 3-1.
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Among the many different subject matter standards, those in science and mathematics bear a special burden concern-
ing the goal of achieving equity in educational achievement. Historically, science and mathematics education has served
more as a filter than as a pump in the Nation’s educational system. Both public and professional attitudes reinforce this
“elitist” view of science and mathematics by emphasizing talent over effort as the essential predictor of success.

National standards reverse this elitist perspective by stressing the importance of science and mathematics for all.
These standards offer a coherent vision of science and mathematics education that provides literacy sufficient for citi-
zenship and competency sufficient for life and work in a technological age. With such standards available for public
review and discussion, everyone—especially students, parents, teachers, and administrators—will know what is
expected. These expectations flow from a set of goals on which there is now broad consensus:

(1 all students should be expected to attain high levels of scientific and mathematic competency;

(1 students should learn science and mathematics as active processes focused on several powerful concepts;

[1  science and mathematics in the school should reflect science and mathematics in practice—activities rich in

connections, exploration, and inquiry;

[1  curricula should stress understanding, reasoning, and problem solving to provide context for facts, terminolo-

gy, and algorithms;

[1  teachers should engage students in meaningful activities that regularly employ calculators, computers, and

other tools in an appropriate manner;

[]  assessment should be an integral part of instruction, and tests should measure what is important for students to

learn;

[1  teachers need both a deep understanding of subject matter and an opportunity to learn to teach in a manner

that reflects research on how students learn; and

[1  the educational system must recognize that teaching is a complex activity that requires ongoing support for

classroom teachers. =

Steen is a_professor_of mathematics at St. Olaf College in Northfield, Minn. He also has served as executive director of the

:_Mathematical Sciences Education Boardiin Washington, D.C.
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FIGURE 3-2

Average number of minutes per day spent teaching each subject
to self-contained classes, by grade range: 1977 to 1993
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SOURCES: Weiss, |.R. (1987). Report of the 1985-86 national survey of science and mathematics education. Research Triangle Park, NC: Research Triangle Institute;
Weiss, |.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics education. Chapel Hill, NC: Horizon Research, Inc.

See appendix table 3-2.

4.5

3.5

25

FIGURE 3-3

Mean number of credits earned by high school
graduates in each subject field: 1982 to 1992
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SOURCES: Legum, S., et al. (1993). The 1990 high school transcript study tabulations:
Comparative data on credits earned and demographics for 1990, 1987, and 1982 high
school graduates (NCES 93-423). Washington, DC: National Center for Education
Statistics; National Center for Education Statistics. (1992). National education
longitudinal study of 1988: Second teacher follow-up study. Unpublished tabulations.
See appendix table 3-3.
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and Mathematics Education (NSSME), between 1977
and 1993, the amount of time teachers allocated to sci-
ence and mathematics increased slightly; concomitantly,
the amount of time devoted to reading decreased slightly.
These changes were especially apparent at grades 1-3.
However, the relative position of the three areas
remained constant, with reading receiving the most time,
followed by mathematics and science.

High school coursetaking patterns naturally mirror
graduation requirements, which typically mandate 4 years
of English, 3 or 4 years of history or social studies, and 2
or 3 years each of science and mathematics. Of course, as
requirements have become more stringent over time,
coursetaking has increased for several subjects. Overall,
students are taking more science and mathematics cours-
es, even advanced courses, which is in accord with the

recommendations of the standards. ( See::fi:gl-lr-e-3- 5: and

appendix table 3-31) Coursetaking in advanced science

and mathematics classes remains lower than in basic sci-

The Narional_Center for Education Staristics (NCES)

ed that the percentage of high school graduates who had


http://www.ed.gov/pubs/94TeachersGuide/NCES.html
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earned credits in science and mathematics courses
increased substantially between 1982 and 1992. For
instance, while 79 percent of 1982 high school graduates
had taken biology, 93 percent of 1992 high school gradu-
ates had taken the course, and while 68 percent of 1982
high school graduates took algebra I, 79 percent of 1992
high school graduates had taken the course. The percent-
age of high school graduates completing chemistry
increased from 32 percent in 1982 to 56 percent in 1992,
and the percentage of high school graduates completing
algebra II increased from 37 percent in 1982 to 56 percent
in 1992.

Increases in coursetaking may be due to increases in
state requirements, changes in state course curricular
guidelines, or other factors. Certainly, science and mathe-
matics classes are widely available. In 1990, 99 percent of
the high school students in the United States were in
schools that offered biology, chemistry, and physics‘
students were in schools that offered algebra [ and II,
geometry, and trigonometry, and 79 percent were in
schools that offered calculus (NCES, 1990);

A study by the Consortium for Policy Research in
Education (CPRE) in 1990 determined that increases in
coursetaking could not be attributed to classes that were
“watered down” by teachers to be palatable to a broader

‘science classroom practices in 18 high schools from six
states and found that the content of courses in high
schools where all students were required to complete
college preparatory classes was the same as in high
schools without the requirement. Thus, they found no
evidence that greater participation of students ina

SEX

percent of male graduates Versus 21 percent of female
graduates had completed physics; the difference between
the two was about the same in 1982, when 18 percent of
male graduates and 9 percent of female graduates had
completed physics.

RACE AND ETHNIC ORIGIN
Minority students are taking more science and mathe-
matics courses than in the past, and the gap between

FIGURE 3-4

Percent of high school graduates earning credits in science and mathematics courses,
by subject and sex: 1982 to 1992
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SOURCES: Legum, S., et al. (1993). The 71990 high school transcript study tabulations: Comparative data on credits earned and demographics for 1990, 1987, and 1982 high school graduates (NCES 93-423).
Washington, DC: National Center for Education Statistics; National Center for Education Statistics. (1992). National education longitudinal study transcripts. Washington, DC: NCES.

See appendix tables 3-4 and 3-5.
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FIGURE 3-5
Percent of high school graduates earning credits
in science courses, by race or ethnic origin: 1982 to 1992
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Seeappendix table 3-4. e Hispanic

FIGURE 3-6

Percent of high school graduates earning credits
in mathematics courses, by race or ethnic origin: 1982 to 1992
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See appendix table 3-5.
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the coursetaking of minority students and white stu-
dents has narrowed. However, in 1992, white students
were still more likely than black or Hispanic students to
take advanced science or mathematics courses. (See
figures 3-51and 3.67)

For example, in 1982, 71 percent of white graduates,
61 percent of black graduates, and 60 percent of
Hispanic graduates had taken algebra I; whereas in 1992,
80 percent of white graduates, 78 percent of black gradu-
ates, and 84 percent of Hispanic graduates had taken the
course. However, in 1992, while 23 percent of white
graduates had taken trigonometry, only 13 percent of
black graduates and 15 percent of Hispanic graduates
had taken the course. All of these percentages are higher
than in 1982, when only 14 percent of white graduates,
6 percent of black graduates, and 7 percent of Hispanic
graduates had taken trigonometry. The results are similar
in science.

About 34 percent of Asian students complete the tra-
ditional sequence of biology, chemistry, and physics. Only
21 percent of white students, 12 percent of black stu-
dents, and 10 percent of Hispanic students complete that

sequence. (See:’_t-g)-(_t-_téle-g-}-:z_:) About 38 percent of white
and Asian students complete the traditional sequence of
algebra I, geometry, and algebra II; only about 30 percent

of black and Hispanic students complete this sequence

ABILITY GROUPING

Both the science and the mathematics standards rec-
ommend that science and mathematics be available to all
students and that schools give all students the opportuni-
ty to achieve. Often, these goals and ability grouping—a

TEXT TABLE 3-2

Percent of high school graduates
completing a three-course sequence
in science or mathematics during
grades 9-12, by race or ethnic origin: 1990

Course sequence White Black Hispanic Asian

Biology, chemistry, 21 (0.8) 12 (1.3) 10 (1.2) 34 (2.4)
and physics
Algebra |, geometry, 38 (1.6) 29 (2.4) 30 (2.5) 38 (2.4)

and algebra Il

NOTES: Courses completed in grades 7 and 8 were not counted as part of a sequence. Standard
errors appear in parentheses.

SOURCE: Legum, S, et al. (1993). The 1990 high school transcript study tabulations:
Comparative data on credits earned and demographics for 1990, 1987, and 1982 high school
graduates (NCES 93-423). Washington, DC: National Center for Education Statistics.
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practice common at many schools—are considered
opposites, because ability grouping denies some students
access to challenging concepts. For example, according
to the NSSME, students who are encouraged to take
introductory mathematics instead of algebra I at the
eighth- or ninth-grade level often do not have the
opportunity to take a traditional sequence of advanced
science and mathematics courses. Despite the statistics,
ability grouping could be valuable and could support the
standards, if it provided alternative routes to the same
knowledge.

Ability grouping is more common in high schools than
at middle or junior high schools and is more common in
mathematics than in science. In 1993, 57 percent of
high schools assigned incoming students to mathematics
courses by ability, compared with 46 percent of middle
and junior high schools; 34 percent of high schools
assigned incoming students to science courses by ability,
compared with only 11 percent of middle and junior

In schools with ability grouping, classes consisting of a
large percentage of minority students are more likely to be
categorized by their teachers as low ability than classes
with a small percentage of minority students. The oppo-
site holds true for high-ability groups: Classes with a small

Both the science and the
mathematics standards recommend
that science and mathematics be
available to all students and that
schools give all students the
opportunity to achieve.
Often, these goals and ability
grouping—a practice common at
many schools—are considered
opposites, because ability grouping
denies some students access to

challenging concepts.



FIGURE 3-7

Percent of high school science and
mathematics classes grouped by ability,
according to percent minority in class: 1993
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See appendix table 3-6.
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percentage of minority students are more likely to be cate-

TEACHERS

A well-prepared teaching force is critical to effective
science and mathematics education. This section paints a
picture of the teaching population and addresses teacher
characteristics, teacher preparation, and professional
development.

TEACHER CHARACTERISTICS

United States, approximately 2.9 million teachers (full-
time and part-time) taught elementary and secondary
classes in 1991 (the latest national estimate available),
compared with 2.6 million in 1988. In 1991, nearly one-
half million secondary (grades 7-12) teachers were specif-
ically assigned to teach science or mathematics; approxi-
mately 380,000 of these teachers had science or mathe-
matics as_either a main or secondary assignment. (See

FIGURE 3-8

Ability composition of high school science and mathematics classes: 1986 and 1993
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SOURCES: Weiss, |.R. (1987). Report of the 1985-1986 national survey of science and mathematics education. Research Triangle Park, NC: Research Triangle Institute;
Weiss, I.R. (1994). 1993 National survey of science and mathematics education. Unpublished tabulations.

See appendix table 3-7.
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FIGURE 3-9

Percent of science and mathematics teachers who are female, by grade range: 1977 to 1993
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SEX

According to the NSSME the percentage of female
teachers decreases as students get older. In 1993, by
grades 10-12, only 34 percent of science teachers and 46
percent of mathematics teachers were female. The per-
centage of female middle and high school mathematics
teachers has increased considerably in recent years. For
example, in 1977, 46 percent of grades 7-9 mathematics

accordlng to the Schools and Stafﬁng Survey, in 1991,
while less than 40 percent of the high school mathemat-
ics teachers in the Northwest were female, 60 percent or
more of the high school mathematics teachers in the
Southeast were female.

RACE AND ETHNIC ORIGIN

Blacks, Hispanics, and other minority groups continue
to be underrepresented in the science and mathematics
teaching force; in 1993, when minorities constituted
roughly 30 percent of student enrollment, only 6 to 10
percent of science and mathematics teachers, depending

“was approxrmately the same in 1986 although there is
some evidence that the percent of black science and
mathematics teachers in elementary schools decreased

NSSME reported that in 1986 10 percent of grades 1 -6

teachers were black, compared w1th 5 percent in 1993.

(NELS.SS) Second Follow-Up Study provides additional
support that minorities are underrepresented in teaching.
In 1992, white teachers taught about 93 percent of 12th-
grade science and mathematics students. The remaining

Blacks, Hispanics, and other
minority groups continue to be
underrepresented in the science

and mathematics teaching force.


http://www.stat.ucla.edu/consult/nels/papers/

1995

44 INDICATORS OF SCIENCE AND MATHEMATICS EDUCATION

FIGURE 3-10

Percent of public high school science teachers who are female, by state: 1991

I 60% or more female
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[ ] Too few sample cases for a reliable estimate

NOTE: High school includes grades 9-12.

SOURCE: Blank, R.K., Matti, M.C., Weiss, |.R., Broughman, S., & Rollefson, M. (1994). SASS by state, 1990-917 schools and staffing survey:
Selected state results (NCES 94-343). Washington, DC: National Center for Education Statistics.

See appendix table 3-9.

FIGURE 3-11

Percent of public high school mathematics teachers who are female, by state: 1991

I 60% or more female
W 40% to 59% female
[ 30% to 39% female
17% to 29% female
[[]Too few sample cases for a reliable estimate

NOTE: High school includes grades 9-12.

SOURCE: Blank, R.K., Matti, M.C., Weiss, |.R., Broughman, S., & Rollefson, M. (1994). SASS by state, 1990-91 schools and staffing survey:
Selected state results (NCES 94-343). Washington, DC: National Center for Education Statistics.

See appendix table 3-9.
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TEXT TABLE 3-3

Average age of science and mathematics
teachers, by grade range: 1986 and 1993

Grade range 1986 1993

1-6 40.0 (0.4) 42.1 (0.5)
7-9 39.2 (0.6) 42.0 (0.4)
10-12 40.4 (0.5) 43.3 (0.3)

NOTE: Standard errors appear in parentheses.

SOURCES: Weiss, |.R. (1987). Report of the 1985-86 national survey of science and
mathematics education. Research Triangle Park, NC: Research Triangle Institute; Weiss, I.R.,
Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and
mathematics education. Chapel Hill, NC: Horizon Research, Inc.

AGE

The science and mathematics teaching force is growing
older. The average age of teachers at all grade levels
increased by approximately 2 years between 1986 and
L1993, from about 40 years to about 42 years. (See text

avallablhty of teachers as many in the current teaching
force reach retirement age in the next 10 years.

FIGURE 3-12

Age distribution of the science and mathematics
teaching force, by grade range: 1993
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GRADUATE EDUCATION

According to the NSSME, in 1993, about 31 percent
of science and mathematics teachers in grades 1-4 had
earned a degree beyond the bachelor’, increasing to
about 34 percent in grades 5-8 and about 46 percent in
grades 9—12. The percent of teachers with master’s
degrees was higher for people with the most years of
teaching experience; for example, in 1993, only 21 per-
cent of grades 9-12 science and mathematics teachers
who had 2 or fewer years previous teaching experience
had master’s degrees, compared with 72 percent of those _
with 21 or more years prior teachmg experience. (See] f1g~I

AUTONOMY

Underlying many educational reform efforts is the
notion that, since classroom teachers are in the best posi-
tion to know their students’ needs and interests, they
should be the ones to make decisions about tailoring
instruction to a particular group of students.

Both the NELS:88 Second Follow-Up Study and the

1993 NSSME asked teachers about how much control

FIGURE 3-13

Percent of science and mathematics
teachers with master’s degrees, by years of
teaching experience and by grade range: 1993
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SOURCE: Weiss, I.R. (1994). 1993 National survey of science and mathematics education.
Unpublished tabulations.
See appendix table 3-11.
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they exercised over a number of curriculum and instruc-

autonomy in selecting teaching techniques and determin-
ing the amount of homework to be assigned; their self-per-
ceived autonomy is less, but still strong, when it comes to
setting the pace for covering topics, choosing criteria for
grading students, and selecting the sequence for covering
topics. Fewer science and mathematics teachers—espe-
cially in the elementary and middle grades—believe they
have strong control over selecting instructional materials;
determining the goals and objectives of their courses;

that larger percentages of 12th-grade students had teach-
ers who believed they had “complete control” over deci-
sions related to teaching techniques and amount of
homework than over decisions related to disciplining stu-
dents, selecting content, or selecting textbooks and other

1995

Interesting differences emerge in these responses when
they are examined by region and class proficiency level.
For example, 12th-grade teachers in the South are less
likely to believe they have control over content decisions

15.) This last finding 1nd1cates that students who ate in
the greatest need of having teachers use their professional
judgment in making decisions are the least likely to have
teachers who feel empowered to do so.

TEACHER JOB SATISFACTION

Study, 80 percent of 12th—grade science and mathematics
students were taught by teachers who felt satisfied most
or all of the time, and only 2 percent had teachers who

HOMEWORK MATTERS

Homework is a significant component of the instructional system, and it is one practice over which teachers have
considerable control Higher average NAEP mathematics proficiency is associated with the completion of mathemat-

TEXT TABLE 3-4

NAEP mathematics proficiency of 17-year-old students,
by frequency of homework performed: 1978 to 1992

Never
Average NAEP

Often Sometimes
Average NAEP Average NAEP

Percent of mathematics Percent of mathematics Percent of mathematics
Year students proficiency students proficiency students proficiency
1978 59 (2.0) 309 (1.6) 35 (1.9) 291 (2.1) 6 (0.7) 284 (3.5)
1982 65 (1.7) 307 (1.5) 29 (1.6) 291 (2.1) 6 (0.6) 284 (3.4)
1986 74 (1.2) 304 (1.1) 20 (1.4) 296 (1.8) 5 (0.7) 291 (5.5)
1990 77 (1.3) 310 (1.7) 18 (1.1) 295 (2.0) 5 (0.7) 281 (3.5)
1992 76 (1.2) 310 (1.1) 19 (0.9) 295 (1.8) 5 (0.7) 285 (4.1)

NOTES: Standard errors appear in parentheses. Totals may not equal 100 percent as a result of rounding.
SOURCE: Mullis, I.V.S,, et al. (1994). NAEP 1992 trends in academic progress (Report No. 23-TR01). Washington, DC: National Center for Education Statistics.
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FIGURE 3-14 In 1986, about 92 percent of science teachers and 96 per-
Percent of 12th-grade science cent of mathematics teachers said they enjoyed teaching,
and mathematics students taught by compared with 1993, when 94 percent of science teach-
teachers who are satisfied with their jobs: 1992 ers and 97 percent of mathematics teachers said the same.
Elementary science teachers were the group least likely to
Almost never 2% enjoy teaching in both 1986 and 1993.

All of the time 11%

Some of
the time 18% TEACHERS’ BELIEFS ABOUT CLASSROOM

REFORMS

Although the NCTM published its Curriculum and
Evaluation Standards in 1989 and Professional Standards for
Teaching in 1991, not all teachers are familiar with them.
In 1993, mathematics teachers in higher grades were
more likely than their counterparts in lower grades to be
familiar with these documents. Roughly one in five ele-
mentary, one in four middle, and one in two high school
mathematics teachers said they were “well aware” of the
Curriculum and Evaluation StandaTdS' fewer teachers in

Most of the time 69%

SOURCE: National Center for Education Statistics. (1992). National education longitudinal study
of 1988: Second teacher follow-up study. Unpublished tabulations.

FIGURE 3-15

Percent of teachers who say they enjoy teaching subject, by subject and grade range: 1986 and 1993
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SOURCES: Weiss, |.R. (1987). Report of the 1985-86 national survey of science and mathematics education. Research Triangle Park, NC: Research Triangle Institute; Weiss, I.R., 1986
Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics education. Chapel Hill, NC: Horizon Research, Inc.
B 1993

Indicators of Science and Mathematics Education 1995



48 INDICATORS OF SCIENCE AND MATHEMATICS EDUCATION 1995

In the 1993 NSSME, science and mathematics teachers
reported mixed views about the principles underlying the
standards and the recommendations that flow from them:

0 Although most science and mathematics teachers

believed that “virtually all students can learn to
think scientifically and mathematically,” sizable
proportions reported that such learning is best

accomplished by placing students in classes with be a part of science instruction, and

----------- nearly that many considered teachin
than science teachers, and more high school y Y &

teachers than middle school teachers or elemen-

Roughly three out of four science
teachers in all grades indicated that

hands-on activities should definitely

of applications of science in daily life

grouping.i(See the section about ability grouping 1 to be essential.
on page 41.)
0 Mathematics teachers did not support the earlier
introduction of algebraic concepts. Most elemen- classes, many appear to resist teaching science
tary, middle, and high school mathematics teach- concepts before they teach the terminology asso-
ers reported that they believe students must mas- ciated with those concepts. Almost one-third of
ter arithmetic_computation before going on to _ elementary school teachers and more than one-
algebra.)(See figure 3-19}andiappendix table 3-} half of high school science teachers indicated that
17 “it is important for students to learn basic scientif-
[0 Similarly, although most middle and high school ic terms and formulas before learning underlying
science teachers reported that they believe sci- congcepts and principles.” (Seetappendix table 3-
ence is best learned in the context of a personal P /2% 1
or social application and that laboratory-based cTTT
classes are more effective than nonlaboratory FIGURE 3-17
FIGURE 3-16 Percent of mathematics teachers

agreeing that virtually all students can
learn to think scientifically or mathematically,
by subject and grade range: 1993

Percent of mathematics teachers
who are “well aware” of the NCTM
standards documents, by grade range: 1993

100
100 i i
Curriculum and evaluation Professional standards Sclence Rathspatics
standards for teaching
90
90 84
80
80 80 76 76 76
72
70
70
4
14 2 60
2 60 56 3
[5}
@ 2
Q
2 5 50
§ 50 g
<
o
8 40 5 40
o 40 a
a
a0 28 30
20 18 19 20
12
10 10
0 0
1-4 5-8 9-12 1-4 5-8 9-12
1-4 5-8 9-12 1-4 5-8 9-12

Grade range
Grade range

NOTE: Includes teachers who indicated "Strongly Agree" or "Agree" to each statement.
SOURCE: Weiss, |.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of
science and mathematics education. Chapel Hill, NC: Horizon Research, Inc.

See appendix table 3-17.

SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of
science and mathematics education. Chapel Hill, NC: Horizon Research, Inc
See appendix table 3-16.
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Percent of teachers

High school mathematics teachers supported the
frequent use of calculators—73 percent indicated
that “students should be able to use calculators
most of the time.” Elementary mathematics teach-

117.)

lMo-rle than 80 percent of elementary mathematics
teachers—but only 50 percent of middle school
teachers and 25 percent of high school teach-
ers—considered hands-on or manipulative activi-

ties essential for effective mathematics instruc-

likely than those in the lower grades to support
the use of new teaching strategies—such as con-
crete experiences before abstract treatments,
applications of mathematics in daily life, coopera-
tive learning groups for students, use of comput-
ers, and the effect that students’ prior concep-
tions about a topic should have on curriculum
and instruction.

Roughly three out of four science teachers in all
grades indicated that hands-on activities should

FIGURE 3-18

Percent of science and mathematics teachers
agreeing that students learn science or
mathematics best in classes with students
of similar abilities, by subject and grade

range: 1993
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NOTE: Includes teachers who indicated "Strongly Agree" or "Agree" to each statement.
SOURCE: Weiss, |.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of
science and mathematics education. Chapel Hill, NC: Horizon Research, Inc

See appendix table 3-17.

definitely be a part of science instruction, and
nearly that many considered teaching of applica-

school level—considered it important to teach
concrete experience before abstract treatments or
place students in cooperative learning groups.
Only about one in five high school science teach-
ers considered it essential to take student concep-
tions about natural phenomena into account
when planning curriculum and instruction; to
have deeper coverage of fewer science concepts;
or to revisit science topics, each time in greater

TEACHER PREPARATION

The science and mathematics standards advocate the
introduction of challenging science and mathematics
content to all students beginning in the early grades;
however, only teachers who have a firm grasp of powerful
science and mathematics concepts themselves can guide
students’ exploration of science and mathematics.

Percent of teachers

FIGURE 3-19

Percent of mathematics teachers
agreeing with statements about reform,
by grade range: 1993
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Students must master arithmetic ~ Students should be able to
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NOTE: Includes teachers who indicated "Strongly Agree" or "Agree” to each statement.
SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of
science and mathematics education. Chapel Hill, NC: Horizon Research, Inc

See appendix table 3-17.
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Proxy measures, such as an evaluation of undergradu-
ate or graduate major or number of courses completed in
the field of assignment, are one way to gauge how well
teachers understand science and mathematics. In 1993,

less than 5 percent of elementary school science or math-

ematics teachers had majored in science or science edu-
cation or mathematics or mathematics education at _ _ _

e1ther the undergraduate or graduate level. ( See'ﬁgure 3,
'21 ) 1Of course, this figure is not surprising, given that

most elementary teachers teach all or most academic sub-

jects, rather than specialize in science or mathematics.
Science and mathematics teachers in grades 9-12 are

more likely to have majored in science or mathematics at
the undergraduate or graduate levels than their elemen-
tary counterparts. However, nearly 30 percent of high
school science teachers and 40 percent of high school
mathematics teachers had neither an undergraduate nor
graduate major in science or science education or mathe-
matics or mathematics education. Moreover, although
more than 90 percent of high school science teachers had
at least a minor in science or science education, only 81
percent of high school mathematics teachers had at least

UsSE oOF HANDS-ON ACTIVITIES GAINS FAVOR AFTER SHARP DROP IN THE 1980s

Both the science and mathematics standards call for increased use of hands-on activities, because concrete experi-
ences allow students to use and reorganize their existing knowledge structures. Data from the 1993 NSSME show
that use of hands-on activities varies by grade—more elementary school classes than secondary school classes use
them. In addition, at the secondary level more science classes than math classes use them. Other differences exist

less use of mampulatwes—educators used drills; they dldn t want students to play in the classroom. Interest in
hands-on activities increased in 1993—especially in grades 4-6 mathematics classrooms, where the percentages
rebounded to levels higher than in 1977. Despite the resurgence in 1993, the percentage of science classes using
hands-on activities was still not up to the 1977 levels. Notwithstanding these recent increases, it is important to
note that, except at the earliest grades, only about half of science classes and about 30 percent of mathematics class-

es use hands-on activities on a given day. =

FIGURE 3-20

Percent of science and mathematics classes using hands-on activities
in most recent lesson, by subject and grade range: 1977 to 1993
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SOURCES: Weiss, I.R. (1987). Report of the 1985-86 national survey of science and mathematics education. Research Triangle Park, NC: Research Triangle Institute;
Weiss, I.R. (1994). 1993 National survey of science and mathematics education. Unpublished tabulations.

See appendix table 3-19.
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SCIENCE TEACHERS’ PREPARATION

A similar picture emerges with an examination of the
total number of semesters of college science coursework
completed by science teachers. In 1993, elementary

FIGURE 3-21

Percent of science and mathematics
teachers with undergraduate or graduate
majors in science or mathematics fields,
by grade range: 1993
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Il Mathematics teachers
90 Science teachers
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Percent of teachers
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1-4 5-8 9-12
Grade range

NOTE: "Field" includes any science or science education major for science teachers and any
mathematics or mathematics education major for mathematics teachers.

SOURCE: Weiss, |.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of
science and mathematics education. Chapel Hill, NC: Horizon Research, Inc.
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teachers had less extensive backgrounds in science than
their middle school counterparts, who in turn had less
science coursework than their high school counterparts.

FIGURE 3-22

Total number of semesters of
college science coursework completed by
science teachers, by grade range: 1993

60

50
50

39
31 31
28 28
20
16 7

11 2

10 8
6
0 L
1-4 58 912

Grade range

Percent of teachers
w B
o o

N
o

NOTE: The highest number of semesters a teacher could indicate for each
of the four categories—life science, chemistry, physics/physical science,
and earth/space science—was "8"; therefore, these figures underestimate W 6-10

the total for any teacher who completed more than eight courses in a . 11-14
particular category.

SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 . 15-20
national survey of science and mathematics education. Chapel Hill, NC: . 21 or more
Horizon Research, Inc.

Fewer than 6

TEXT TABLE 3-5

Percent of teachers with majors and minors in science or mathematics and
science or mathematics education, by grade range: 1993

Grade range

Field of class taught and field of study 1-4 5-8 9-12
Science
Undergraduate major in science 3(0.7) 18 (2.1) 63 (2.1)
Undergraduate or graduate major in science or science education 3(0.7) 21 (2.3) 72 (2.2)
Undergraduate or graduate major or minor in science or science education 7(1.6) 32 (2.5) 94 (1.2)
Mathematics
Undergraduate major in mathematics 1(0.4) 7 (0.8) 41 (2.5)
Undergraduate or graduate major in mathematics or mathematics education 1(1.0) 11 (1.5) 63 (3.4)
Undergraduate or graduate major or minor in mathematics or mathematics education 7(1.9) 18 (2.1) 81 (3.2)

NOTE: Standard errors appear in parentheses.

SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics education. Chapel Hill, NC: Horizon Research, Inc.
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FIGURE 3-23

Percent of science classes taught by teachers with varying levels of preparation in science, by discipline: 1993

Life science (7-12) Earth science (7-12) Physical science (7-12)

14%
21%
1%
45%
34% 75%

Biology (9-12) Chemistry (9-12) Physics (9-12)

1%
4%
18%
22%
82% 74%

Il Six or more courses in that science

NOTE: Totals may not add to 100 percent as a result of rounding.

SOURCE: Weiss, |.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics education.

Chapel Hill, NC: Horizon Research, Inc.

See appendix table 3-22. . . . S
Fewer than six courses in any science discipline

I Six or more courses in other science discipline

FIGURE 3-24

Percent of science teachers teaching courses in
one, two, or three or more science subjects, by type of community: 1993

Urban Suburban Rural

20% 23% 51%

76%

SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics education.
Chapel Hill, NC: Horizon Research, Inc. B Teach two science courses

Teach three or more science courses

I Teach one science course
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teachers who completed more than 20 semesters Of col-

The NSTA has recommended that elementary
teachers have at least one college course in each of
three science areas—biological sciences, physical sci-
ences, and earth sciences. According to the NSSME,
about two-thirds of grades 1 8 teachers met this stan-

NSTA’s recommendations are much more detailed at
the secondary level, including lists of specific courses that
teachers of each discipline should complete. Because very
few teachers, even those with extensive coursework in
their field, meet the NSTA recommendations, the
NSSME defined “well-prepared teachers” as ones with in-
depth preparation—six or more courses in their field

percent t of grades 7-12 hfe science classes and 94 percent
of grades 9—12 biology classes were taught by teachers
who had taken six or more biology courses, but only 45
percent of grades 7-12 earth science classes were taught
by teachers who had six or more earth science courses.
Also, although almost all biology, chemistry, and
physics classes were taught by teachers who had in-depth
preparation in some science discipline, more than 10
percent of grades 7-12 life, earth, and physical science

Although most prospective secondary school science
teachers have in-depth preparation in one discipline, many
science teachers are assigned to teach courses in more than
one discipline, resulting in extensive out-of-field teaching.
In rural schools, where this situation is particularly preva-
1ent more than one in three teachers teach courses in two

MATHEMATICS TEACHERS’ PREPARATION

Almost all elementary school mathematics teachers
have taken college courses in mathematics for elementary
school teachers and in methods of teaching mathematics.
However, far fewer have had college coursework in geom-
etry or probability and statistics—areas that the NCTM

teachers have college coursework in calculus, geometry,
probability and statistics, abstract algebra or number the-
ory, and applications of mathematics or problem solving.
Although 1993 data show that more than 70 percent of
these teachers had completed calculus, only about 40 per-
cent had completed a course focused mainly on applica-
tions of mathematics. These percentages are essentially

NCTM recommends that high school mathematrcs
teachers complete advanced calculus, differential equa-
tions, linear algebra, and history of mathematics in addi-
tion to the five courses previously mentioned. In 1993,
although 95 percent of high school mathematics teachers

FIGURE 3-25

Percent of elementary school mathematics teachers with college coursework in each area: 1993
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SOURCES: Weiss, |.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics education. Chapel Hill, NC: Horizon Research, Inc.;
Weiss, I.R. (1994). 1993 National survey of science and mathematics education. Unpublished tabulations.

See appendix table 3-23.
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had completed calculus, only 46 percent had completed
history of mathematics. Between 1986 and 1993, the per-
cent of high school mathematics teachers who completed
the recommended courses increased significantly; for
instance, 13 percent more teachers completed linear alge-
bra, and 11 percent more teachers completed abstract

teach the advanced classes. (See'figure 3-26)) These
teachers are also more likely to teach “asses with a low
proportion of minority students. For example, in 1993,
only 47 percent of high school mathematics classes con-
taining more than 40 percent minority students were
taught by teachers with an undergraduate or graduate
major in mathematics or mathematics education, com-
pared with 62 percent of classes containing fewer than 10
percent minority students. This pattern was not evident

in high school science classes, where all classes were

about as likely to have teachers with undergraduate or_ _

graduate majors in science or science educatlon (See ﬁg—

1995

TEACHERS’ PERCEPTIONS
OF THEIR OWN PREPARATION

An evaluation of teachers’ undergraduate or graduate
majors and the number of courses they complete in their
field of assignment are two ways to gauge how well teach-
ers understand science and mathematics. Another way is
to evaluate teachers’ perceptions of their own prepara-
tion—how well prepared they feel to teach the various
content areas and to use the various instructional strategies
recommended for science and mathematics education.

Elementary teachers typically teach science, mathemat-
ics, reading and language arts, and social studies to a single
group of students, but they do not feel equally qualified to
teach all of these subjects. For example, in 1993, 76 per-
cent of elementary school teachers assigned to teach all
four subjects indicated that they felt very well qualified to
teach reading and language arts, roughly 60 percent felt
very well qualified to teach mathematics and social studies,

Accordmg to the NSSME, in 1993, most elementary
teachers felt well qualified to teach 4 of the 14 mathemat-
ics topics recommended by the NCTM Curriculum and

FIGURE 3-26

Percent of high school mathematics teachers
completing college courses in mathematics, by teaching assignment: 1993
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SOURCE: Weiss, |.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics education. Chapel Hill, NC:
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Evaluation Standards—estimation, number sense, measure-
ment, and patterns ancl relationships. Just ll percent of

well qualified to teach several of the subjects recom-
mended by the NCTM standards—fractions and deci-
mals; number sense and numeration; estimation; mea-
surement; number systems and number theory; patterns
ancl relationships and geometry and spatial sense. (See

midclle school teachers felt well qualified to teach func-
tions and algebra, just 28 percent felt well qualified to
teach probability and statistics.

Most high school mathematics teachers felt well quali-
fied to teach most of the recommended topics; however,
only about 30 percent of these teachers felt well qualified
to teach probability and statistics, mathematical struc-
ture, and the conceptual underpinnings of calculus. (See

FIGURE 3-27

Percent of grades 7-12 science and
mathematics classes taught by teachers with
undergraduate or graduate major in the field,
by percent of minority students in class: 1993
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SOURCE: Weiss, |.R. (1994). 1993 national survey of science and mathematics education.
Unpublished tabulations.
See appendix table 3-25.

to teach discrete mathematics.
In 1993, teachers of advanced mathematics classes
were more likely to perceive themselves as well qualified

The difference was marked with regard to teachers per—
ception of their qualification to teach mathematical
structure: 41 percent of teachers assigned to one or more
advanced high school mathematics classes felt qualified
to teach this topic, compared with only 18 percent of
those who did not teach advanced classes.

Most science and mathematics teachers at all grade lev-
els perceived that they were well prepared to perform tasks
such as presenting the applications of science or mathe-
matics concepts and encouraging participation of females;
however, most science and mathematics teachers perceived
that they were not prepared to teach students who had
limited English proficiency and, except in grades 1-4, stu-
dents who had learning disabilities. Also, only about one-

FIGURE 3-28

Percent of self-contained elementary
teachers feeling very well qualified to
teach each subject: 1977 to 1993
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SOURCES: Weiss, I.R. (1987). Report of the 1985-86 national survey of science and
mathematics education. Research Triangle Park, NC: Research Triangle Institute;
Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of
science and mathematics education. Chapel Hill, NC: Horizon Research, Inc.

See appendix table 3-26.
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FIGURE 3-29

Percent of high school mathematics teachers considering themselves
well qualified to teach each mathematics topic, by teaching assignment: 1993
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NOTE: High school includes grades 9-12.
SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics education. Chapel Hill, NC: Horizon Research, Inc.

FIGURE 3-30

Percent of mathematics teachers considering themselves
well prepared for mathematics teaching tasks, by grade range: 1993
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FIGURE 3-31

Percent of science teachers considering themselves
well prepared for science teaching tasks, by grade range: 1993
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FIGURE 3-32 third of elementary and middle school science teachers
Percent of teachers considering themselves and only about one-half of elementary and middle school
“ ” H A .
master teachers” of their subject, by mathematics teachers felt well prepared to use computers
subject and grade range: 1986 and 1993 as an integral part of instruction, despite the fact that sci-
100 ence and mathematics education reform advocates greater
% Sclencs RiaHismatics use of technology About 40 percent of high school science

80 7 puters as an integral part of instruction. (See f1gures 3-30,

70 58 Although elementary science teachers contmued to be
o far less likely than other science and mathematics teach
g 60 . .
s ers to perceive of themselves as “master” teachers of their
:2 50 subject, the percentage of elementary science teachers
£ considering themselves to be “master” science teachers
o . . .
g 40 has increased from 14 percent in 1986 to 25 percent in
1993. Indeed, at all grade levels, the percentage of sci-
%0 25 ence and mathematics teachers who considered them-
20 selves_ “master” teachers was higher in 1993 than in 1986.
14 (Seeifigure 3-32')
10
PROFESSIONAL DEVELOPMENT
0
1-6 10-12 10-12 . '
Grade range Both the science and mathematics standards call for
SOURCES: Weiss, |.R. (1987). Report of the 1985-86 national survey of science 1986 development Of teachers as professmnals, because teaCherS
and mathematics education. Research Triangle Park, NC: Research Triangle WhO see themselves as professionals are more hkely to be
Institute; Weiss, |.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 M 1993
national survey of science and mathematics education. Chapel Hill, NC: Horizon proactive about teaching—to share authority among COl’

Research, Inc.

leagues, further their education, and participate in profes-
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sional activities. Proactive teachers tend to perform to a
higher standard, thereby enhancing students’ educational
experiences. This section describes the state of teacher
development in elementary and secondary education.

COLLEGIALITY

According to NELS, in 1992, 12th-grade science and
mathematics teachers discussed science and mathematics
curriculum issues primarily with teachers in their depart-
ments and their department chairs. Fewer teachers dis-
cussed curriculum with their principals; teachers outside
the department or school; other school administrators; or
parents, business leaders, university staff, and others in

In addition, the NSSME reports that in 1993 most pri-
mary and secondary science and mathematics teachers
believed that their colleagues support new teaching ideas,
share ideas and materials on a regular basis, have many

However, fewer than one in four had time during the reg~
ular school week to work with peers on science or mathe-
matics curriculum and instruction, and only about one in
eight regularly observed other teachers’ classes as part of
sharing and improving instructional strategies.

CONTINUING EDUCATION
The NSSME reported that in 1993, while most science
and mathematics teachers had at least some in-service

1995

education in their field during the past 3 years, relatively
few had devoted a substantial amount of time to these

school science and mathematics teachers—many of
whom are specialists in their field—only about one-half
had spent 16 or more hours on in-service education in
their field in the previous 3 years.

However, between 1986 and 1993, the number of
teachers participating in professional development educa-

81 percent of grades 10—12 mathematics teachers 1nd1cat—
ed they had participated in at least some professional
development activities in mathematics in the past 12
months, up from 65 percent in 1986.

In 1993, high school science and mathematics teachers
were the most likely—and elementary teachers the least

percent of high school science teachers, compared with
41 percent of middle school science teachers and 26 per-
cent of elementary school science teachers, had taken a
science or science education course for college credit
since 1989.

Despite indications that high school mathematics
teachers who do not teach advanced classes need addition-
al professional development to strengthen their content

) 49) lthey are less likely than teachers of advanced classes

FIGURE 3-33

Total amount of time mathematics teachers spent on in-service education
in mathematics during previous 12 months: 1986 and 1993
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SOURCE: Weiss, |.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics education. Chapel Hill, NC: Horizon Research, Inc.
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to receive it. In 1993, only 44 percent of the high school
mathematics teachers who taught lower level classes had
16 or more hours of in-service education in the past 3
years, compared with 63 percent of those who taught at

PROFESSIONAL ACTIVITIES

Sizable proportions of high school science and mathe-
matics teachers have participated in some professional
activity during the previous 12 months. (Seeiappendix

third and one-half of high school science and mathemat-
ics teachers had served on school or district curriculum
and textbook selection committees or had attended state
or national science or mathematics teacher association
meetings. Teachers in the lower grades, who are likely to
be involved in teaching a variety of subjects, were less
likely to participate in science and mathematics profes-
sional activities.

FIGURE 3-34

Amount of time high school mathematics teachers
spent on mathematics in-service education
in the past 3 years, by teaching assignment: 1993
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education. Chapel Hill, NC: Horizon Research, Inc. ewer than 16 hours
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INSTRUCTIONAL PRACTICES

Much of current educational reform calls for changes
in the way instruction is delivered within a classroom.
The indicators in this section provide a picture—neces-
sarily limited by the available data—of what goes on
inside the science and mathematics classrooms. The indi-
cators address use of in-class time, participation in long-
term projects, student participation in other instructional
activities, and use of traditional and alternative assess-
ment techniques.

USE OF IN-CLASSs TIME

According to the 1993 NSSME, a wide variety of

instructional techniques are prevalent in typical science
------- 1

]
and mathematics classes. (See figure 3-35)) For instance, in

FIGURE 3-35

Average percent of science and mathematics
class time spent on different types of activity,
by grade range: 1993
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SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of
science and mathematics education. Chapel Hill, NC: Horizon Research, Inc.
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FIGURE 3-36 1993, a typical elementary or secondary science class spent
Percent of mathematics classes never [ almost 40 percent of its time in lecture and discussion
working on 1-week-long projects at involving the entire class,
home or in class, by grade range: 1993 0 about 20 percent of its time working as individuals
100 reading the textbook or completing worksheets,
90 0 about 25 percent of its time working with hands-on
a0 materials, and
72 U the remaining time on daily routines and nonlaborato-

° ry small-group work.

The distribution of time across grade levels changed

66
58
53

50 48 little, except at the high school level, where there was a

40 41 slight increase in the amount of time spent in lecture or
whole-class discussion—with correspondingly less time_

s spent by students working as individuals. (See!figure 3- :

20 135.) At least superficially, these time distributions appear

10 to fulfill the recommendations for small-group work and

. work with manipulatives that are set forth in the science

60

Percent of classes

At home In class and mathematics standards. However, it is not possible to
Grades 1-4 B Grades5-8 [l Grades 9-12 determine from the data if such time is spent in accord
SOURCE: Weiss, |.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science Wlth the Standards’ dOlng activities SUCh as creative prOb‘

and mathematics education. Chapel Hill, NC: Horizon Research, Inc. 1em solvin or not in aCCOrd Wlth the Standards dom
See appendix table 3-35. g’ ) g
routine data verification.

TEXT TABLE 3-6

NAEP science proficiency for students participating in classroom
science activities at age 9: 1977 to 1992

Students answering "yes" Students answering "no"
Average Average
Classroom Percent of NAEP science Percent of NAEP science
science activity Year students proficiency students proficiency
Experiment with batteries and bulbs 1992 49 (1.9) 233 (1.8) 46 (1.9) 231 (1.7)
1977 51 (1.4) 225 (2.8) 43 (1.4) 217 (2.1)
Use a microscope 1992 62 (1.4) 237 (1.5) 33 (1.4) 225 (2.0)
1977 53 (1.4) 222 (2.5) 43 (1.5) 214 (2.1)
Experiment with living plants 1992 64 (1.1) 234 (1.6) 32 (1.0) 226 (1.8)
1977 70 (1.4) 221 (2.3) 27 (1.3) 217 (2.8)
Use a thermometer 1992 91 (0.6) 234 (1.4) 7 (0.5) 217 (3.5)
1977 84 (1.0) 222 (2.2) 14 (0.9) 199 (2.7)
Use a calculator 1992 98 (0.3) 233 (1.4) 2 (0.3) 203 (5.8)
1977 87 (1.2) 222 (2.2) 11 (1.0) 195 (3.4)
Use a scale to weigh things 1992 91 (0.7) 234 (1.4) 8 (0.5) 218 (4.0)
1977 89 (0.8) 220 (2.3) 9 (0.7) 202 (4.5)

NOTES: Standard errors appear in parentheses. The percent of students does not total 100 percent because a small percent reported that they were not certain whether they
had participated in the activities.
SOURCE: Mullis, I.V.S., et al. (1994). NAEP 1992 trends in academic progress (Report No. 23-TR01). Washington, DC: National Center for Education Statistics.
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In 1993, the distribution of time in elementary mathe-
matics classes was similar to elementary science classes;
however upper—grade 1eve1 mathematics classes spend

cussion involving the entire class,

0 about 20 percent of its time with students working

as individuals,

0 almost 10 percent of its time working with hands-

on materials,

0 the remaining time on daily routines and small-

group work.

In contrast, a typical elementary school mathematics
class spent almost 30 percent of its time working with
hands-on materials and only 26 percent of its time in
whole-class discussion or lecture.

STUDENT PARTICIPATION IN LONG-TERM
PROJECTS

A key principle of the standards is that students, espe-
cially in science, receive a better overall education if they
spend more time on fewer topics, thereby gaining a bet-
ter, more in-depth, understanding of each topic. Never-
theless, according to the 1993 NSSME, 58 percent of
high school mathematics classes never did projects in the

TEXT TABLE 3-7

States with alternative assessments
in science and mathematics:
Fall 1991 and Fall 1993

Subject and status

of alternative assessments 1991 1993

Science total 16 20
In-use 5 1
Developing 11 19

Mathematics total 20 32
In-use 8 7
Developing 12 25

NOTES: Alternative, or nontraditional, assessments include enhanced multiple choice; short, open-
ended; extended, open-ended; individual performance; group performance; observation; portfolio;
and project.

SOURCE: Blank, R.K. (1995b). State indicators of science and mathematics education.
Unpublished tabulations.
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more likely to participate in week-long projects in class
than were high school students.

PARTICIPATION IN OTHER INSTRUCTIONAL
ACTIVITIES

The most prevalent instructional activities in high
school science classrooms in 1993 included listening and
taking notes during a presentation by the teacher,
watching the teacher demonstrate a scientific principle,
participating in dialogue with the teacher to develop an
idea, doing hands-on/laboratory science activities, and
working in small groups. The results were similar for
high school mathematics classes; an additional instruc-
tional activity prevalent in mathematics classes was

that students are using more sophlstlcated and technolo—
gy-based materials in the classroom. For example, over
that period, 9-year-old science students were increasingly
likely to use thermometers, microscopes, and calculators,
.althou_gh they experimented less with plants. (Seeltext |
-table 3-6.)!

USE OF TRADITIONAL AND ALTERNATIVE

ASSESSMENT TECHNIQUES

According to the science and mathematics standards,
assessment of student performance should require stu-
dents to solve problems, justify their solutions, and apply
knowledge to new situations. This is difficult using tradi-
tional assessment mechanisms, such as fact-oriented mul-
tiple-choice tests. Alternative, or nontraditional, mecha-
nisms, such as performance, enhanced multiple-choice, or
extended performance tests, are better suited for such
assessments. Performance tests require students to com-
plete a specified task, enhanced multiple-choice tests
allow students to explain their answers, and extended
performance tests require students to complete a task or
project over a given period of time, such as a week. The
use and development of such alternative assessments for
science and mathematics increased between 1991 and
1993. (See text table 3-7.) Most significantly, whereas 20
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FIGURE 3-37

Percent of science classes about which teachers report
various types of activity are important in determining student grades, by grade range: 1993
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SOURCE: Weiss, |.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics education. Chapel Hill, NC: Horizon Research, Inc.

states were developing or using alternative mathematics grading methods varied widely. (See figure 3-37.)
assessments in 1991, 32 states were developing or using Testing, in whatever form, is becoming a more com-
them by 1993. mon activity. Between 1978 and 1992, the number of 17-
In 1993, elementary school teachers were much more year-old students who reported that testing occurred
likely to use nontraditional assessment techniques—such often in their mathematics classes increased from 64 to
as participation, effort, the results of interviews with stu- 83 percent. (See :fe_-x_E_Eg\-b_-le_:- _3—_-8_:) More frequent testing
dents, and individual progress over past performance—for may or may not translate into improved understanding of
assessment than were high school teachers. High school ,science and mathemarics. A study conducted by the

teachers tended to use objective tests and homework, but Center for the Study of Testing, Evaluation, and !

1
L T S

TEXT TABLE 3-8

NAEP mathematics proficiency of 17-year-old students,
by frequency of mathematics tests taken: 1978 to 1992

Often Sometimes Never
Average NAEP Average NAEP Average NAEP
Percent of mathematics Percent of mathematics Percent of mathematics
Year students proficiency students proficiency students proficiency
1978 64 (1.3) 308 (1.7) 33 (1.1) 292 (2.1) 3(0.5) 270 (4.7)
1992 83 (0.7) 308 (1.2) 16 (0.8) 301 (3.0) 1(0.4) 270 (5.8)

NOTE: Standard errors appear in parentheses.
SOURCE: Mullis, 1.V.S., et al. (1994). NAEP 1992 trends in academic progress (Report No. 23-TR01). Washington, DC: National Center for Education Statistics.
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FIGURE 3-38

Percent of test items, by type of test, use of conceptual knowledge, and levels of thinking: 1992

Mathematics tests
100

920

80

70

60

97 97 97 97

50

40

Percent of test items

30
20
10
L ]

Standardized
Level of thinking

0 IR
Standardized

Conceptual knowledge

IR
Textbook final

O |
Textbook final

Science tests

7 92 73 920

Standardized Textbook final

Conceptual knowledge

Standardized
Level of thinking

Textbook final

W High

NOTES: The most widely used standardized tests and textbook series were selected for grades 4 and 8 and the most commonly studied high school subjects. All items were classified on conceptual
knowledge and level of thinking. High-level conceptual knowledge in math or science is evidenced by ability to paraphrase the definition of a concept, generate examples and nonexamples, use models
to represent concepts, recognize meanings and various interpretations of concepts, identify critical properties of a given concept, compare and contrast concepts, and apply concepts (as opposed to
applying algorithms). High-level thinking refers to reasoning and other “higher order thinking skills,” and low level refers to recall and routine applications. Percents shown were computed by pooling test

items across grade levels and across six publishers

SOURCE: Center for the Study of Testing, Evaluation, and Educational Policy. (1992). The influence of testing on teaching math and science in grades 4-12. Boston: Center for the Study of Testing, Evaluation, and

Educational Policy.

used standardized texts and textbook series for grade 4,
grade 8, and most high school subjects assess predomi-

ence and mathematlcs.
Tests that demand low levels of thinking and concep-

tual understanding are in direct contrast to the standards’

call for higher level thinking and in-depth understand-

Teachers of classes with high
proportions of minority students
reported spending more class time
preparing for standardized tests and
reported teaching different content in
an attempt to more closely

match the tests.
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ing. Tests that demand low levels of thinking and con-
ceptual understanding appear to have more influence on
the instruction in classes with large proportions of minor-
ity students. For example, teachers of classes with high
proportions of minority students reported spending more
class time preparing for standardized tests and reported
teaching different content in an attempt to more closely

RESOURCES

Well-equipped classrooms are necessary to provide the
quality of instruction called for in the national standards.
This section examines the use, availability, and quality of
various supplies, materials, and facilities available to sci-
ence and mathematics teachers, as measured by teachers’
opinions of textbooks, classroom supplies and facilities,
computers and networks, and calculators.

TEXTBOOKS

The most common classroom resource is the textbook.
While most science and mathematics teachers reported
in 1993 that their textbooks were either “good,” “very
good,” or “excellent,” mathematics teachers rated their
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TEXT TABLE 3-9

Percent of science and mathematics teachers reporting classroom preparation for mandated
standardized tests, by minority presence: 1992

Minority presence

High-minority class Low-minority class

Classroom preparation Science Mathematics Science Mathematics
Teachers prepare students for mandated standardized tests by

Teaching test-taking skills 75 84 42 55

Encouraging students to work hard on tests 74 61 50 49

Teaching topics known to be on test 60 60 19 37

Providing test-specific material 29 38 6 12

Using state or district test prepared materials 11 14 6 7

Using practice tests 20 32 10 12
Mandated standardized tests influence teachers to

Include topics not otherwise taught 71 58 23 42

Exclude topics otherwise taught 41 39 16 20

Increase emphasis on certain topics 67 71 38 46

NOTES: "Minority" is defined as black, Hispanic, Asian/Pacific Islander, and Native-American/Alaskan. High-minority classes are those in which more than 60 percent of students are minorities. In low-
minority classes, less than 10 percent of students are minorities. Teachers with more than one class were instructed to select their first Monday class. Extent of influence was indicated by responses of

“some" or “a lot."

SOURCE: Center for the Study of Testing, Evaluation, and Educational Policy. (1992). The influence of testing on teaching math and science in grades 4-12. Boston: Center for the Study of Testing,

Evaluation, and Educational Policy.

FIGURE 3-39

Percent of classes for which teachers consider
the quality of their science and mathematics
textbooks as good, by grade range: 1993
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Hill, NC: Horizon Research, Inc.
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37 )' In fact, between 1986 and 1993, “the percent of all
“science classes and the percent of grades 1-6 mathemat-
ics classes covering virtually the entire textbook
decreased dramatically. These data do not show whether
textbooks have changed in length or quality, how text-
books are used, or if teachers use additional or supple-
mental reading materials.

Overall, mathematics teachers cover more of their
texts than do science teachers. This finding may be
because science texts tend to be comprehensive, allowing
teachers to pick and choose among the topics. In con-
trast, mathematics textbooks tend to be streamlined,
because there is more consensus within the mathematics
community about which topics should be addressed in a
particular course.

The resources that are available to
schools do not appear to be

distributed equally across classes.
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TEXT TABLE 3-10

Percent of science and mathematics teachers indicating that each factor is a serious problem
for science and mathematics teaching, by grade range: 1977 to 1993

Grades 1-6 Grades 7-9 Grades 10-12

Factor 1977* 1986 1993 1977 1986 1993 1977 1986 1993
Science

Materials for individualizing instruction 30 (2.3) 30 (1.8) 36 (2.1) 27 (2.3) 27 (2.7) 37 (4.5) 28 (2.2) 20 (2.2) 38 (2.4)

Funds for purchasing equipment or supplies 29 (2.3) 30 (1.8) 40 (2.5) 24 (2.2) 26 (2.6) 31 (4.5) 27 (2.2) 23 (2.3) 36 (2.3)

Access to computers - 18 (1.8) 20 (1.3) - 23 (2.5) 37 (3.3) - 17 (2.1) 40 (2.2)
Mathematics

Materials for individualizing instruction 17 (1.7) 14 (1.4) 21 (3.2) 21 (2.1) 15(2.2) 22 (2.9 19 (2.0) 10(1.2) 24 (1.9

Funds for purchasing equipment or supplies 13 (1.7) 11 (1.2) 23 (2.9) 13 (1.2) 11 (1.9) 30 (7.4) 15(1.8) 9(1.2) 25(2.1)

Access to computers - 18 (1.5) 22 (2.1) - 18 (2.3) 41 (3.4) - 14 (1.4) 31 (2.5)

-- Not applicable.

* The 1977 survey used estimates for teachers of grades K-6.

NOTE: Standard errors appear in parentheses.

SOURCES: Weiss, I.R. (1987). Report of the 1985-86 national survey of science and mathematics education. Research Triangle Park, NC: Research Triangle Institute; Weiss, |.R., Matti, M.C., & Smith,
P.S. (1994). Report of the 1993 national survey of science and mathematics education. Chapel Hill, NC: Horizon Research, Inc.; Weiss, I.R. (1994). 1993 National survey of science and mathematics
education. Unpublished tabulations.

CLASSROOM SUPPLIES AND FACILITIES reported to the NSSME that a lack of funding for equip-

ment and supplies is one of the most serious problems or

Overall, studies show that science and mathematics barriers they encounter. (Seeitext table 3-10.) The prob-
classes do not receive adequate support for supplies and lem grew considerably since 1977, when about 27 percent

equipment. In 1993, about 36 percent of all science of all science teachers and 14 percent of all mathematics

teachers and 27 percent of all mathematics teachers teachers cited this problem as serious. In 1992, about 40

FIGURE 3-40

Percent of high school science classes for which teachers report
various types of equipment are needed but not available, by percent minority in class: 1993
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FIGURE 3-41

Mean percent of schools with computers that use 16+ bit computers
(80286 and higher processors): 1989 and 1992
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SOURCE: Pelgrum, W.J., Janssen Reinen, . AM., & Plomp, T. (Eds.). (1993). Schools, teachers, students and computers: A cross-national perspective (IEA COMPED Study Stage 2). Netherlands: IEA.
See appendix table 3-40.

percent of 12th-grade science teachers reported that the COMPUTERS AND NETWORKS

equipment, facilities, and supplies they had available

were only poor or fair. (See;appendix table 3-38.)!

The resources that are available to schools do not
appear to be distributed equally across classes. Teachers
report that high school science classes consisting of more
than 40 percent minority students are more likely than
other high school science classes to need various types of
equipment that are not available, including computers, Percent of students reporting

. . . . . any use of computers in mathematics or
computer/lab interfacing devices, videodisc and CD- science classes during the academic year,

ROM players, and gas for burners. (See:figure 3-40.)! by race or ethnic origin: 1992

| e S

Although the standards recommend that computers
play an important role in the classroom environment,
many science and mathematics teachers report that
access to computers is a serious problem. In 1992, the

FIGURE 3-42

60
TEXT TABLE 3-11

Percent of science and mathematics

53
50
. 50
classes reporting computer use: 1993 w “ 45
41
Grade range 40
Type of computer use 1-4 5-8 9-12

Ever used in class 30
Science 52 (2.4) 50 (3.0) 40 (2.5)

Mathematics 77 (2.1) 60 (3.1) 44 (2.4) 20

Used in most recent class 10
Science 3(0.6) 4 (0.9) 4(1.1)

Mathematics 9(1.1) 6 (1.5) 2(0.4) o

Percent of students

Grade 8 Grade 11
) NOTE: Numbers shown are rounded to nearest whole number. White
NOTE: Standard errors appear in parentheses. SOURCE: Anderson, R.E. (Ed.). (1993). Computers in American schools, 1992: W Black
SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of An overview. Minneapolis, MN: University of Minnesota.

science and mathematics education. Chapel Hill, NC: Horizon Research, Inc. [l Other
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median number of secondary students per computer was

Much of this equipment is old and cannot be used to
operate the newer and more powerful instructional pro-
grams. As of 1992, among U.S. schools that had comput-

TEXT TABLE 3-12

Percent of U.S. students ever taught a
computer skill or programming course,
by race within grade level: 1992

Grade
Skill or course Race 5 8 11
Spreadsheet White 21 44 46
Black 18 50 51
Other 28 49 52
Send messages White 14 20 17
Black 18 35 27
Other 27 30 24
Pascal White 11 13 7
Black 17 21 13
Other 18 19 13
Basic White 27 36 18
Black 31 38 25
Other 31 40 25

SOURCE: Anderson, R.E. (Ed.). (1993). Computers in American schools 1992: An
overview. Minneapolis, MN: University of Minnesota.

ers, only 17 percent of lower secondary schools and 29
percent of upper secondary schools had 16+ bit computers,
computers at or above the capacity of an IBM 286 or an

much lower percentage of U.S. schools have 16+ bit com-
puters than schools in other countries, especially Japan.

Moreover, simple possession of computers is not suffi-
cient to support the recommendations in the standards
for increased and sophisticated use of technology. In
1993, the use of computers in science and mathematics
classes was quite low—on a given day, only 3 percent of
grades 1—4 science classes, 4 percent of grades 5-8 science
classes, and 4 percent of grades 9—12 science classes used
computers as part of instruction. Similarly, students used
computers during their most recent lesson in only 9 per-
cent of grades 1-4 mathematics classes, 6 percent of

Generally, in 1993, computer use was highest in ele-
mentary mathematics, where 77 percent of classes used
computers at some point during the semester; in contrast,
only 40 percent of high school science classes and 44 per-
cent of high school mathematics classes reported ever
using computers. Black students appear to be more likely
than white students to use computers in science and
percentage of black students than white students reported
having been taught each of a number of computer or pro-

In addition to computer use, network use is beginning
to “catch on” in schools as a way to provide more cur-
rent and realistic information for science and mathemat-
ics classes and to help model the discussions and inter-

FIGURE 3-43

Percent of external network use for schools that use
external networks, by type of external network used within school level: 1992

60
52
50
46
43
1]
S 40
2 36
[5}
2]
S 30
H 24 24
S
S 20
15 5
L3 12 1
10
3
0 ]
Elementary Lower secondary Upper secondary
AT&T ID Learning I Dialog or other databases B National Geographic Kids Network I CompuServe or other e-mail Il Other

SOURCE: Anderson, R.E. (Ed.). (1993). Computers in American schools, 1992: An overview. Minneapolis, MN: University of Minnesota.

See appendix table 3-41.
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TEXT TABLE 3-13

Percent of mathematics classes where
teachers report use of various
types of calculator, by grade range: 1993

Grade range

Calculator type 1-4 5-8 9-12
Four function 50 (2.5) 72 (3.0) 65 (2.3)
Fraction 3 (0.7) 26 (2.3) 28 (2.3)
Scientific 1 (0.4) 22 (3.0 67 (2.0)
Graphing 1 (0.3) 5 (1.0) 40 (2.3)

NOTE: Standard errors appear in parentheses.
SOURCE: Weiss, |.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national surve.
of science and mathematics education. Chapel Hill, NC: Horizon Research, Inc.

changes that occur within the scientific and mathemat-

CALCULATORS

Many different types of calculator are used in mathe-
matics classrooms. In 1993, four-function calculators were

FIGURE 3-44

Average percentage of mathematics problems
correct on test items requiring the use of
a calculator, ages 9, 13, and 17: 1978 to 1992
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Percent correct
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SOURCE: Mullis, 1.V.S., et al. (1994). NAEP 1992 trends in academic progress
(Report No. 23-TR01). Washington, DC: National Center for Education Statistics
See appendix table 3-42.
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popular across all grade levels; whereas, at the high
school level, scientific and graphing calculators were
percent of high school mathematics classes using graph-
ing calculators may be indicative of movement toward
the standards, which recommend more conceptual
approaches to mathematics.

In 1992, almost one-half of 8th- and 11th-grade stu-

dents reported using calculators in science or mathemat-

11th-grade students were more likely than students of any
other race or ethnic origin to report any use of calculators
in mathematics or science classes during the academic
year. In 8th grade, 53 percent of black students, 41 per-
cent of white students, and 44 percent of students of
another race or ethnic origin reporting any use of calcula-
tors in science or mathematics classes during the academic
year; in 11th grade, 50 percent of black students, 44 per-
cent of white students, and 45 percent of students from
another race or ethnic origin reported any use of calcula-

tors during the academic year (Anderson, 1993).

Students appear to have become more adept at operat-
ing calculators, considering that in 1992 significantly more
students at each grade level got correct answers using a

calculator on the NAEP mathematics assessment than in

CONCLUSION

This chapter examined indicators of the elementary
and secondary science and mathematics learning envi-
ronment in relation to the equity and excellence stan-
dards. Based on the indicators presented here, the learn-
ing environment is becoming more like the one envi-
sioned in the standards. However, while enrollment in
science and mathematics courses is increasing, with few
differences between the coursetaking patterns of males
and females, students from minority groups continue to
be underrepresented in both science and mathematics.
And, despite the increases in enrollment, the number of
students completing 4 years of high school science and
mathematics remains low.

The science and mathematics teaching force is better
prepared and more involved in professional development
activities than in the past. However, blacks, Hispanics,
and Asians remain underrepresented. Teachers are begin-
ning to implement many of the recommendations in the
science and mathematics standards. In general, high
school teachers are the group most resistant to reform.
Despite recommendations to increase the use of hands-on
activities and approach subjects in more depth, high
school teachers continue to rely heavily on lectures, and


http://www.compuserve.com
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less than one-half assign long-term projects. In addition,
most are not using computers for science and mathemat-
ics instruction. Generally, science and mathematics class-
es are poorly supported in terms of facilities and supplies.
Computers, when available, tend to be unable to run
modern software.

Future indicators volumes could be enhanced if addi-
tional emphasis were placed on gathering data on class-

F====== 1 K ! .
room and:informalilearning environments. Currently, lit-

tle coordination or consensus exists among researchers
about what types of data need to be gathered. Accurate
financial data and additional data on state, school dis-
trict, and community goals for science and mathematics
education would provide a clearer indication of educa-

tional trends in the United States. ®

ENDNOTES

! Physics and chemistry courses may be offered in alter-
nate years.

? Informal learning activities occur outside the school
setting, are not developed as part of an ongoing school
curriculum, and are characterized by voluntary, as
opposed to mandatory, participation. Television programs,
museums, aquariums, nature centers, and zoos are infor-
mal learning settings.
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he postsecondary system is unique in its mission

to create producers of science and technology—

scientists, engineers, technologists, and educa-
tors—who discover, synthesize, and transmit knowledge
that increases understanding of the natural world,
enhances the quality of life, and strengthens the econom-
ic and social fabric. Recently, however, the postsecondary
system has acquired additional roles. (See sidebar on

0 Preparing workers to apply science and technology. To
be competitive, workers in nearly all fields must be able
to apply a variety of mathematical, engineering, and
basic science skills to production of top-quality goods
and services. For example, anyone who records and
interprets trends in data must comprehend mathematics

and statistics; and many workers, from electricians to
stockbrokers, use statistical knowledge in their work.

1 Informing consumers of science and technology.

Citizens are exposed to science and engineering in
their everyday lives. They need to be educated about
how to interpret scientific and technological informa-
tion in order to make sound decisions about common
activities such as parenting, consuming, and planning
retirement.

Achieving equity within the science and technology
community. Current society pressures are increasing
recruitment of groups that traditionally have been
underrepresented in or underserved by science and
technology education—females, blacks Hispanics,

1995

FACTORS AFFECTING POSTSECONDARY EDUCATION

As the year 2000 approaches, factors both external to the postsecondary education system and internal to the sys-
tem are having a profound effect on the purposes and roles of science, engineering, and technology education. Three
of the external factors, summarized in a recent report from the Pew Higher Education Roundtable (1994), were value,

In terms of Value, students, parents, and policy makers are placing increasing pressure on colleges and universities
to make college degrees more valuable for the labor market. Alarmed by increases in tuition and student debt, a per-
ceived oversupply of college graduates, and the notion that students graduate without learning what they need to
know, parents are asking institutions, “What exactly are we paying for?” They are measuring the quality of postsec-
ondary education in terms of their children’s ability to garner secure and well-paying jobs.

State policy makers are taking another look at value with regard to budgetary support. They have used reports of a
positive relationship between college education and postgraduation earnings to redefine postsecondary education as a
private, rather than public, good. They claim that students from well-off families should not have their college educa-
tion subsidized at public expense. As a result, in many states public funding of postsecondary education has decreased,
and public institutions of postsecondary education have to compete with public safety, health care, elementary and
secondary education, and other services for state appropriations. This shift has affected private institutions, as well.
They are now competing openly with their public counterparts for support from charitable, corporate, and other pri-
vate sector sources.

Budgetary constraints are forcing more and more institutions to consider how changes in information technology
make the delivery of quality education at a lower cost a possibility, a prospect that most have not yet fully explored.
Differences in the way people deal with technology are also making this change possible. For instance, today’s high
school graduates are better acquainted and more comfortable with computer and information technologies than any
generation before them. Moreover, a growing number of adult students hold full-time jobs while attending college
and simply want an education, rather than a “campus experience.”

Internal factors affecting science, engineering, and technical education include changes in the composition of the
u.s. population The 1990 census showed that during the 19805 the populations of Asians and Pacific Islanders living in

pressures. =
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A NOTE ON TERMINOLOGY

This chapter makes the following distinctions in
terminology: Science and technology includes all
fields of science and engineering and the development
and use of technology; science and engineering
encompasses all natural science, engineering, and
social and behavioral science fields; natural sciences
include study of earth sciences, atmospheric sciences,
ocean sciences, life sciences, mathematical and com-
puter sciences, and physical sciences; social and
behavioral sciences include the social sciences and

psychology. (See figure 4-13) =

The significance of these roles has increased because
the influence of technology on society has made science
and technology education an important contributor to

This chapter considers the characteristics of students
within the postsecondary systems and examines the state
of science and engineering education within the context of
the postsecondary environment.

FIGURE 4-1

A map of the science
and technology fields used in this chapter
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— Natural Sciences and Engineering

— Natural Sciences

— Earth, Atmospheric,
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—— Mathematical and
Computer Sciences

— Physical Sciences

—— Engineering

— Social and Behavioral Sciences
Social Sciences

— Psychology

— Science and Engineering Technologies

SOURCE: National Science Foundation. (1994a). Science and engineering degrees: 1966-91
(NSF 94-305). Arlington, VA: NSF.

STUDENT CHARACTERISTICS

Students today aspire to higher levels of education
than their recent predecessors and are enrolling in post-
secondary institutions in greater numbers. The section
below describes student characteristics in terms of student
aspirations, enrollment patterns, and science and engi-
neering coursetaking.

ASPIRATIONS

In general, today’s high school students aspire to
attend college and seek advanced degrees in much larger
numbers than did their predecessors. (See sidebar on why

90 percent of 1990 high school sophomores believed that
they would attend at least some college, compared with

about 70 percent of 1980 sophomores. (See '_figl_Jr_e_Af_—Z: and
1) Almost 60 percent of high school
students surveyed in 1990 said they intend to seek a 4-
year or graduate degree, up from about 40 percent in
1980. Of note is the growth in the percentage of female

students who intend to earn a graduate degree. In 1980,

FIGURE 4-2

Percent of high school sophomores
aspiring to various levels of education,
by sex: 1980 and 1990
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SOURCE: National Center for Education Statistics.
(1992). High school and beyond study, 1980 to 1992.
Washington, DC: NCES.

See appendix table 4-1.
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WHY ARE MORE STUDENTS ATTENDING COLLEGE?

One reason more students aspire to higher levels of education than in previous years may lie in students’ percep-
tions of what it takes to get a well-paying job. The U.S. economy has shifted from a manufacturing-based economy,
where higher levels of education have traditionally been unnecessary, to a service-based economy, where higher lev-
els of education often are desirable Between 1990 and 1992, the number of white-collar jobs in the United States

oo higher rates than those who ended their education after high school Q_HeckerL 1992‘) In the past decade,

the gap in expected earnings between college and high school graduates increased by 20 percent (Pew, 1994).

This explanation is supported by a 1993 study that asked 1993 college freshmen why they decided to attend col-
lege. “Generation X” students placed more emphasis on money than did the freshmen of the baby boom generation.
In 1993, 82 percent of freshmen said they decided to attend college “to get a better job,” and 75 percent said “to
make more money.” In 1976, about 71 percent of freshmen said they wanted to get a better job, and 53 percent

just 19 percent of female high school students aspired to
this level, compared with 31 percent in 1990. For com-
parison, in 1990, 24 percent of male high school sopho-
mores expressed a desire to earn a graduate degree, up
from 18 percent in 1980.

ENROLLMENT

Over the past 20 years, the proportion of high school
graduates who go directly on to college has increased from

This rate has increased because the number enrolling in
college within 12 months of their high school graduation
remained steady over the period, while the number of high
school graduates declined. The number of postsecondary
students with limited English proficiency is growing, also,

Students enrolled in college in 1991 were more likely
than their predecessors to be attending school part time
and less likely to be 21 years old and younger. Between

FIGURE 4-3

Number and percent of recent high school graduates and number who enrolled in college: 1972 to 1992
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See appendix table 4-2.
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FIGURE 4-4

Total fall education enrollment, by attendance status
and percent of students who are 21 years old and younger: 1970 to 1991
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SOURCE: National Center for Education Statistics. (1994c). Digest of educational statistics 1994 (NCES 94-115). Washington, DC: U.S. Government Printing Office.
See appendix table 4-3.

1970 and 1991, the number of postsecondary students

who were enrolled part time increased from 2.8 million to .
6.2 million, or from 32 percent to 43 percent of the total __Total fall enroliment in postsecondary

: ’ p p e tote : institutions, by sex: 1970 to 1998 (projected)
enrollment in postsecondary institutions. (Seeifigure_4-4

FIGURE 4-5

and appendix table 4-3;) The proportion of full-time stu- 9,000

dents 21 years old and younger decreased from 74 percent

in 1970 to 59 percent in 1991. The proportion of part- 8,000 Females
time students 21 years old and younger decreased from 16 7,000

percent in 1970 to 13 percent in 1991.
6,000
FEMALES

Between 1970 and 1991, there was a large shift in the
makeup of postsecondary enrollment. In 1970, females
accounted for only 41 percent of total postsecondary
enrollment, but they made up 55 percent of enrollment
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postsecondary enrollment of males increased by nearly
one-third during this 20-year period, while the number of
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SOURCE: National Center for Education Statistics. (1994c). Digest of educational statistics 1994
(NCES 94-115). Washington, DC: U.S. Government Printing Office.
See appendix table 4-4.
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RACIAL AND ETHNIC GROUPS
Similarly, the ethnic and racial composition of post-
secondary institutions has changed since the 19705 (See

up 84 percent of U.S. citizens enrolled in postsecondary
institutions. By 1991, that proportion had fallen to 79
percent. During the intervening 15 years, the enrollment
of blacks, Hispanics, and Native Americans increased by
55 percent, while enrollment of whites increased by just
21 percent. Despite these increases in enrollment, the
total number of bachelor’s degrees earned by these minor-
ity groups increased only 33 percent during this period.
One reason for this disparity is that 2-year institutions
enroll particularly high proportions of black, Hispanic, and

of the enrollment in 2-year institutions and 14 percent in
4-year institutions. In 1991, about 56 percent of Hispanic
students, 55 percent of Native American students, and 43

In comparison, 40 percent of Asian students and 38 per-
cent of white students were enrolled in 2-year institutions.

INDIVIDUALS WITH DISABILITIES
Access to postsecondary education is a l<ey to individ-

disabilities may not be attaining access to postsecondary
education in proportions equal to the general popula-
tion—only 20 percent of orthopedically impaired, 24 per-
cent of speech-impaired, 33 percent of hearing-impaired,
and 40 percent of visually impaired high school graduates
took at least one course in a 2- or 4-year institution with-

in a year of graduation (Fairweather & Shaver, 1990). In
1990, about 8 percent of all undergraduate students had
some form of a disability. About the same proportion of
graduate students had some form of disability (__NSF,-
"1994e). The proportion of students with disabilities in sci-

ence and engineering fields is similar.
COURSETAKING

Most students, even those who are not science or engi-
neering majors, take one or more science courses before

1995

FIGURE 4-6

Total fall enroliment
in postsecondary institutions,
by race or ethnic origin: 1976 to 1991
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SOURCES: National Center for Education Statistics. (1994c). Digest of educational statistics
1994 (NCES 94-115). Washington, DC: U.S. Government Printing Office; National Center
for Education Statistics. (1994d). Fall enrollment in colleges and universities. Unpublished
tabulations.

See appendix table 4-5.
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they graduate. For example, in 1991, about 80 percent of
students who earned a bachelor’s degree in a field other
than the life and physical sciences took one or more

computer sciences courses. However, almost all nonmajors
took at least one course in the social and behavioral sci-
ences during their undergraduate careers; about half took
five or more courses. Few non-science or -engineering
majors took engineering courses. Males were slightly more
likely to have taken at least one course in any science or

FEMALES OUTPERFORM MALES ON SCIENCE AND ENGINEERING GRADING SCALES

Females tend to outperform males in the science and engineering classroom—and, indeed, in all fields. Overall, 59
percent of females who earned bachelor’s degrees in 1991 graduated with a grade point average (GPA) of 3.0 or better

puter sciences and engineering. Males’ grades were most similar to females’ grades in the life and physical sciences. ®



FIGURE 4-7

Percent of 1991 bachelor’s degree recipients who took one or more courses in selected
science and engineering course fields in which they did not major, by course field and sex: 1994
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See appendix table 4-6.

FIGURE 4-8

Percent of 1991 bachelor’s degree recipients who graduated

with a 3.0 GPA or higher, by field and sex: 1991
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See appendix table 4-7.
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SCIENCE AND ENGINEERING STUDENTS 1_12115_ with disabilities_ (Seeyfigures 4- _9'and 4 IO'and._aI_JEe_n_—
1dix tables _4_8_- and 4-9t) This is true particularly within the
Science and engineering students have many character- natural sciences and engineering. With attention to these
istics that make them unique when compared as a group unique characteristics, this section examines the prepara-
with the general population of postsecondary institutions. tion of students who intend to major in science and engi-
For instance, several groups historically have been “under- neering fields, the flow of students into and out of science
represented” in science and engineering, including and engineering majors, coursetaking among these stu-
females, blacks, Hispanics, Native Americans, and individ- dents, financial support, and degree production.

FIGURE 4-9

Percent of population that is black, by population group: 1990
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SOURCES: National Science Foundation. (1994b). Science and engineering degrees, by race/ethnicity of recipients: 1977-1991 (NSF 94-306). Arlington, VA: NSF; Bureau of the Census. (1992).
School enrollment- social and economic characteristics of students: October 1990 (Current Population Reports, Series P-20, No. 460). Washington, DC: U.S. Government Printing Office.
See appendix table 4-8.

FIGURE 4-10

Percent of population that is female, by population group: 1990

U.S. population
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Science and engineering
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SOURCES: National Science Foundation. (1994b). Science and engineering degrees, by race/ethnicity of recipients: 1977-1991 (NSF 94-306). Arlington, VA: NSF; U.S. Bureau of the Census. (1992)
School enrollment-social and economic characteristics of students: October 1990 (Current Population Reports, Series P-20, No. 460). Washington, DC: U.S. Government Printing Office.
See appendix table 4-9.
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FIGURE 4-11

High school calculus and physics
coursetaking of high school seniors
who intend to major in natural sciences
and engineering in college: 1990 and 1993
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SOURCE: National Science Board. (1993). Science and engineering
indicators—1993 (NSB 93-1). Washington, DC: U.S. Government Printing
Office.

See appendix table 4-10.

PREPARATION

Overall, high school students who plan to major in the
natural sciences or engineering were better prepared in
1993 than in 1990. For example, between 1990 and 1993,

the percentage of intended natural science or engineering

increased by 8 percentage points over the period. Many
more students who intend to major in natural sciences
and engineering take advanced mathematics and science
major. (Seeisidebar on f)r-eiwér-afiz)r-l:and:_ﬁgure 4-12})

PIPELINE

As high school sophomores, about 28 percent of males
and 10 percent of females planned to study natural sci-
57 percent of males and 79 percent of females, through-
out high school and college, never expressed the inten-
tion to major in the natural sciences or engineering,
whereas only 4 percent of males and 1 percent of females
expressed consistent interest throughout high school and

ARE STUDENTS ADEQUATELY
PREPARED FOR MATHEMATICS
CLASSES?

In an international survey performed in 1989
(Carnegie Foundation for the Advancement of
Teaching, 1991), just 15 percent of U.S. faculty
believed that students had adequate mathematical and
quantitative skills, compared with 22 percent of
Japanese faculty members, 27 percent of Russians, and

tions correspond closely with the results of the 1991
International Assessment of Educational Progress,
which tested 9- and 13-year-olds on their science and
mathematics abilities. The nations whose students
scored the highest—Russia and South Korea—were
the ones with the highest faculty perceptions of stu-
dent preparation. The nation whose students scored
the lowest—the United States—was the one with the
lowest faculty perceptions. ®

FIGURE 4-12

Percent of faculty agreeing with statements that
undergraduates in their country are adequately
prepared in select skills, by type of skill
and country: 1992

o o e o
South Korea B

I 5

32
SO 3

. 26
P 27
24
I 2}

Mexico

Japan S

B
17
B

15
Israel

I8

. 20
Al — 1

20
I 15

0 10 20 30 40 50 60 70
Percent of faculty

Chile

United States

Written and oral communication l Mathematics and quantitative reasoning

SOURCE: Mooney, C.J. (1994, June 22). The shared concerns of scholars. The Chronicle of Higher
Education, XL (42), pp. A34-A38.
See appendix table 4-11.
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TEXT TABLE 4-1

Percent of students identifying natural science or engineering as intended or actual
field of study at various points in education system, by sex: 1980 to 1986

1980: High school sophomores 1982: High school seniors 1984: College sophomores 1986: College seniors
(intended field) (intended field) (actual or intended field of study) (actual or intended field of study)
Male Female Male Female Male Female Male Female

27.8% 10.3%

15.9% 7.3%

14.3% 6.7%

13.8% 6.6%

11.1% 6.9%

7.2% 5.1%

Non-NS&E

6.5% 4.6%

72.2% 89.7%

61.1% 82.8%

1.4% 0.7%

57.4% 79.2%

58.8% 80.0%

NOTES: Percent selecting natural sciences or engineering in high school is percent indicating these fields when asked to

“indicate the field that seems closest to what you would most likely study in college.” In college, percent selecting natural - : : ;

sciences or engineering are those that indicated these fields when asked, “During the last month you attended, what was Natural science and engineering (NS&E)

your actual or intended field of study or training?” The data used in this table are drawn from the first four cycles (1980 base . . . L

year, through the 1986 third follow-up) of the High school and beyond 1980 sophomore cohort. The sample began in 1980 Non-natural-science and -engineering discipline (Non-NS&E)
with a national sample of 1,015 high schools. As a result of rounding, totals may not add to 100 percent.

SOURCE: National Center for Education Statistics. (1994a). High school and beyond study, 1980 to 1992. Unpublished tablulations.
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FIGURE 4-13

Percent of 1980 high school sophomores identifying natural science and engineering as intended
or actual field of study at various points in the educational system, by sex: 1980 to 1986

High school sophomores (1980) High school seniors (1982)
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NOTES: Percent selecting natural sciences and engineering in high school is percent indicating these fields when asked to “indicate the field that seems closest to what you would most likely study in college.”
In college, percent selecting natural sciences and engineering are those that indicated these fields when asked, “During the last month you attended, what was your actual or intended field of study or training?”
The data used in this table are drawn from the first four cycles (1980 base year, through the 1986 third follow-up) of the High school and beyond sophomore cohort. The sample began in 1980 with a national

sample base of 1,015 high schools.

SOURCE: National Center for Education Statistics. (1994a). High school and beyond study, 1980 to 1992. Unpublished tabulations.

See text table 4-1.

For many years, educators believed that students who
eventually became science or engineering majors in college
made up their minds early, in elementary or secondary
school, about their career intentions. Thus, analysts
assumed that, although many students dropped out of the
science and engineering “pipeline” as their educational
careers progressed, few new entrants replaced them along
the way. However, the High School and Beyond study

engineering majors, some enter, and some students change
their intentions several times before choosing aimajar.h
Quite a few students who major in science or engineer-
ing in college decide to do so relatively late in their
undergraduate careers. The High School and Beyond

dents who were high school sophomores in 1980, and
who ultimately became natural science or engineering
majors in college, chose this direction sometime after

tive is to increase the number of majors and degrees, in
addition to emphasizing retention strategies, they should
consider ways of attracting students who are further along
in their postsecondary careers.

Opverall, many more students drop out of natural sci-
ences and engineering than enter. Of course, all college

Indicators of Science and Mathematics Education 1995

departments face attrition, as their students switch to
other majors, but not all face net attrition. However, the
natural sciences—and, to a lesser extent, engineering—

High School and Beyond study, only 40 percent of stu-
dents who intended to major in natural sciences or engi-
neering as high school sophomores were actually in a nat-
ural science or engineering major as college seniors.(See

'Research Institute,found that only about half of students

who, in their first year of college, had declared or intend-
ed a major in the natural sciences followed through with

About 62 percent of engineering students, and more than
65 percent of students who intended to major in English,
the social sciences, fine arts, education, or history, fol-
lowed through with their original plans.

The High School and Beyond study data indicate
that the pool of students interested in natural science
and engineering shrank most after the senior year in
high school and before the sophomore year in college.
Just over half of the net decrease in the number of stu-
dents with an actual or intended major in natural sci-


http://www.gse.ucla.edu/heri/heri.html
http://www.gse.ucla.edu/heri/heri.html
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TEXT TABLE 4-2

Percent of students whose actual or intended field of study is natural sciences
or engineering, by education level and sex: 1980 to 1986

High school (intended field)

College (actual or intended field)

Sex Sophomores (1980) Seniors (1982) Sophomores (1984) Seniors (1986)
Male 27.8 23.0 14.3 111
Female 10.3 10.0 6.5 4.0

SOURCE: National Center for Education Statistics. (1994a). High school and beyond study, 1980 to 1992. Unpublished tabulations.

FIGURE 4-14

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
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*The social and behavioral sciences category includes social sciences and psychology; the natural sciences and engineering category includes biological sciences, physical sciences, computer sciences,

mathematical sciences, and engineering.
NOTE: Totals may not add to 100 percent as a result of rounding.

SOURCE: Seymour, E., & Hewitt, N.M. (1994). Talking about leaving: Factors contributing to high attrition rates among science, mathematics & engineering undergraduate majors. Final report to the
Alfred P. Sloan Foundation on an ethnographic inquiry at seven institutions. Boulder, CO: University of Colorado.

See appendix table 4-12.

sciences and engineering majors to other fields most
often attributed their decision to a loss of interest in nat-
ural science and engineering coupled with increased
interest in other fields, poor quality of teaching, an
inflexible curriculum, fast course pace, and a sense that
the career options and rewards in natural sciences and
engineering were not worth the effort.

Indicators of Science and Mathematics Education 1995

particular college or college major before completing their
studies often do so because they feel alienated from other
students or faculty or because they are unable to make the
transition from their old peer group to a new one. This
inability to make necessary peer connections may be a par-
ticular problem for students from groups historically under-
represented in science and engineering, including blacks,
Hispanics, Native Americans, and females.
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Attrition among minority students in science and engi-
neering may also be due to a variety of other social and

culties, poor precollege preparation, low expectations
from instructors, negative peer pressure, difficulty bridg-
ing the gap between their cultural identity and the world
of science, and poor access to information on postsec-
ondary educational opportunities.

Reasons for high attrition among female science and
engineering students may include a lack of, or damaged
sense of, self-confidence or self-esteem; stereotyping of
science and engineering as “male” fields; experiences of
gender bias; distaste for the competitive nature of science
and engineering education; psychological alienation; an
inability to get adequate academic guidance or advice;

To encourage retention of females and students from
underrepresented racial and ethnic groups, some postsec-
ondary institutions have sponsored campus-based efforts
to provide social and academic support to these groups.
These were originally designed as stop-gap measures to
provide students with the necessary skills to succeed in
the existing undergraduate educational system; however,
they are increasingly being implemented on a broader
scale. Some are even working with employers and ele-

FINANCIAL SUPPORT

In the late 1980s and early 1990s, private and public 2-
and 4-year institutions raised tuition and fees significant-
ly in response to increasing costs and, for public institu-
tions, declining or flat state appropriations levels.
Between 1985 and 1993, tuition and fees in 4-year insti-
tutions increased by about 40 percent, in real 1993 dol-
was slightly more in public 4-year institutions and slightly
less in private 4-year institutions. Public 2-year college
tuition and fees increased by about 30 percent.

Between 1981 and 1993, the buying power of Federal
'Pell _gga_n_t-"(the main Federal grant program for low-
income students) covered 31 percent of the average edu-
cational expenses at a private 4-year institution. By 1993,

Originally conceived as a mechanism of support for
middle-income students, loans have now become the
major student aid program for low-income students. As a
result, just under half of all bachelor’s degree recipients in
1993 graduated from college in debt, compared with

about one-third of graduates in 1980. The median debt of
these students in constant 1990 dollars increased _from

about $4,000 in 1980 to about $7,000 by 1990 (U.S.

Roughly half of 1990 bachelor’s degree recipients who
hold postgraduation occupations in the science and tech-
14-14.) Graduates employed as elementary and secondary
teachers and engineers were most likely to have accumu-
lated debt during their college years. Graduates working in
computer science were least likely to have graduated with
debt. This debt accounted for a large fraction of some
graduates’ median first-year income—from about 40 per-

About 24 percent of science and engineering doctoral
students finance their education through personal sources
such as loans. About 62 percent of science and engineer-
ing doctoral students obtain their primary financial sup-
port from university sources, mostly in the form of gradu-
ate assistantships funded by research grants awarded by
the Federal Government. About 7 percent of recipients

Of all U.S. citizens, 54 percent of white students and
58 percent of Asian students are supported by university
sources, mostly in the form of assistantships. Only 37 per-

FIGURE 4-15

Primary source of support of science and
engineering doctorate recipients, by
residency status and race or ethnic origin
of U.S. citizens: 1992
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SOURCE: Ries, P., & Thurgood, D. (1994). Summary

report 1992: Doctorate recipients from United States M Federal
universities. Washington, DC: National Academic Press.

See appendix table 4-15. Il Personal
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tion (about 77 percent) of foreign students are supported
by university sources. This is due, in part, to their high
concentrations in fields such as engineering, where assist-
antships are prevalent, and their ineligibility for Federal
graduate student fellowship programs.

Blacks are more likely than other racial and ethnic
groups to finance their graduate education from personal
sources, such as loans, or other sources, such as nationally
competitive fellowships, business or employer funds, and
state governments.

DEGREE PRODUCTION
Bachelor’s degrees account for the vast majority of all

1995

Between 1971 and 1991, the number of science and
engineering degrees increased at all levels, except the
associate degree level. Bachelor’s degrees awarded in sci-
ence and engineering increased by 15 percent, master’s
degrees increased by 39 percent, and doctorates increased
by 23 percent. By broad field, the following trends
emerged between 1971 and;1991":

0 Engineering degree production increased at the bache-
lor’s, master’s, and doctoral levels. The increases
ranged from about one-third at the bachelor’s level to
almost one-half at the doctoral level.

1 Natural science degrees increased by 11 percent at the
bachelor’s level, 24 percent at the master’s level, and
17 percent at the doctoral level.

1 Social and behavioral sciences degrees increased by 10
percent at the bachelor’s level, 48 percent at the mas-

INTERNATIONAL COMPARISONS

A greater proportion of 22-year-olds in the United States and Canada complete college than in any of the 14 other
countries from which comparable data are available. However, the proportion of individuals who earn natural science
and engineering bachelor’s degrees is lower in the United States and Canada than in Bulgaria, Japan, and South

degrees ranges from a high of about 11 percent of male 22-year-olds in Japan to a low of about 3 percent in Italy. In
the United States, about 7 percent of the male college-age population earns bachelor’s degrees in these fields. The
countries with the highest proportion of females who earn natural science and engineering degrees are Bulgaria, the
United States, and Canada. In Bulgaria, the proportion of females earning degrees in these fields is more than double

that of the United States or Canada. ®

FIGURE 4-16

First university natural science and engineering degrees awarded as a percent of
the 22-year-old population, by sex and country: most current year (1989 to 1992)
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See appendix table 4-16.
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Even though the absolute number of science and engi-
neering degrees awarded rose substantially between 1971
and 1991, science and engineering bachelor’s degrees
decreased as a proportion of total baccalaureates; they

The proportion of science and engineering master’s
degrees stayed about the same—almost one-quarter of all
master’s degrees. On the other hand, science and engi-
neering doctorates increased as a percentage of all doctor-
al awards; science and engineering doctorates accounted
for 61 percent of all doctoral degrees awarded in 1971
and about 64 percent in 1991.

sex. Although females earned the majority of bachelor’s
degrees awarded in all academic fields in 1991, they earned
only about 44 percent of science and engineering bache-

social and behavioral sciences bachelor’s degrees, 41 per-

FIGURE 4-17

Science and engineering degrees awarded,
by degree level: 1971 to 1991
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NOTE: Associate degree data available beginning in 1983.

SOURCE: National Science Foundation. (1994a). Science and engineering degrees: 1966-91 (NSF 94-305).
Arlington, VA: NSF.

See appendix table 4-17.

cent of the bachelor’s degrees awarded in the natural sci-
ences, and just 16 percent of engineering bachelor’s

Females also earned the majority of master’s degrees
awarded in all fields; however, they earned just 36 per-
cent of science and engineering master’s degrees (NSE;:

awarded in the social and behavioral sciences, 36 percent
of natural sciences master’s degrees, and 14 percent of
engineering master’s degrees.(Seelappendix table 4-197)
Although females earned 37 percent of all doctorates,
they earned just 28 percent of doctorates in science and
engineering (NSE 1994a). Females earned 48 percent of
doctorates in the social and behavioral sciences, 26 per-

cent of doctorates within the natural sciences, and 9 per-

The gap between the number of science and engineer-
ing degrees awarded to females versus males at all degree
levels has narrowed over the past 20 years—mostly because
the proportion of males who earned degrees in these fields

FIGURE 4-18

Science and engineering degrees awarded
as a percent of degrees awarded in all fields,
by degree level: 1971 to 1991
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SOURCE: National Science Foundation. (1994a). Science and engineering degrees: 1966-91
(NSF 94-305). Arlington, VA: NSF.

See appendix table 4-17.
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who earned science and engineering degrees narrowed
most at the bachelor’s degree level. In 1971, 12 males
versus 5 females per hundred 22-year-olds received a
bachelor’s degree in science and engineering. By 1991, 10
males versus 8 females per hundred 22-year-olds received
a bachelor’s degree in science and engineering.

FIGURE 4-19

Science and engineering degrees
awarded per hundred U.S. population,
by degree level and sex: 1971 to 1991
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SOURCE: National Science Foundation. (1994a). Science and engineering degrees: 1966-91
(NSF 94-305). Arlington, VA: NSF.
See appendix table 4-21.

At the doctoral level, a large decline in the number of
males enrolled in science and engineering—rather than
an increase in the number of females enrolled in science
and engineering—narrowed the gap. In fact, the propor-
tion of the females who earned science and engineering
doctorates remained flat for most of the period between
1971 and 1991.

RAcCE AND ETHNIC oriGIN. Blacks and Hispanics

1991, although blacks made up about 14 percent of the
college-age population, they earned just over 6 percent of

engineering bachelor’s degrees awarded to blacks in 1991
returned to 1977 levels. Blacks received a total of just 36
more science and engineering bachelor’s degrees in 1991

Similarly, Hispanics made up 11 percent of the col-
lege-age population, but earned not quite 5 percent of
science and engineering degrees; however, their repre-

_sentation has increased markedly. (See sidebar on con-

______________________________ *

centration of engineering degrees,and 'figures 4-21rand :-4j:

FIGURE 4-20

Number of science and engineering bachelor’s
degrees awarded to students in underrepresented
racial and ethnic groups: 1977 to 1991
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SOURCE: National Science Foundation. (1994b). Science
and engineering degrees, by race/ethnicity of recipients:
1977-91 (NSF 94-306). Arlington, VA: NSF.

See appendix table 4-22.

Native American
Il Hispanic
Il Black

Indicators of Science and Mathematics Education 1995



POSTSECONDARY EDUCATION

A FEW ScHooLsS AWARD MosT ENGINEERING DEGREES TO MINORITIES

In 1993, blacks and Hispanics each earned about 4 percent of engineering bachelor’s degrees (NSE 1994e).

doctorate in engineering. Similarly, in 1993, just 10 postsecondary institutions conferred 41 percent of the engineer-
ing bachelor’s degrees awarded to Hispanics. Nine of these institutions are located in states or territories with large

Hispanic populations. (Seeifigure 4-22'and :appendix table 4—23?:) [

-------- i

FIGURE 4-21

Ten colleges and universities that award the highest number of bachelor’s degrees
in engineering to blacks: 1993
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SOURCE: National Center for Education Statistics. Integrated Postsecondary Education Data System. Special tabulations by Science Resources Studies Division, National Science Foundation.
See appendix table 4-23.

FIGURE 4-22

Ten colleges and universities that award the highest number of bachelor’s degrees
in engineering to Hispanics: 1993
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SOURCE: National Center for Education Statistics. Integrated Postsecondary Education Data System. Special tabulations by Science Resources Studies Division, National Science Foundation.
See appendix table 4-23.
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122.) Hispanics earned 55 percent more bachelor’s degrees
in science and engineering in 1991 than in 1977.

Over this same period of time, the number of science
and engineering bachelor’s degrees awarded to groups not
underrepresented in science and engineering remained rel-
atively constant overall. Although the number of science
and engineering bachelor’s degrees awarded to Asians more
than tripled, the number of degrees awarded to whites

Blacks and Hispanics are even more underrepresented
at the master’s degree level than at the bachelor’s and
still more underrepresented at the doctoral level. In 1992,
blacks earned just 2 percent of the science and engineer-
ing doctorates awarded to U.S. citizens and Hispanics

FIGURE 4-23

Science and engineering doctorates awarded
to blacks, Hispanics, and Native Americans,
by sex: 1982 to 1992

300

Blacks
250

200

Males

150

Number

100 Females

50

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

300

Hispanics

250

200

150

Number

100

50 Females

0
1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

300

Native Americans

250

200

150

Number

100
50
Males —
0 TTTemeeeaenT Bl s ek
1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

NOTE: Numbers refer to U.S. citizens only.

SOURCE: National Science Foundation (1993b). Selected data on science and engineering doctorate
awards: 1992 (NSF 93-315). Washington, DC: NSF.

See appendix table 4-25.
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1995

Black females earned about the same number of science
and engineering doctorates as black males in 1992—the
number of black females earning doctorates increased
slightly and the number of black males earning doctorates

were earning 1ncreas1ngly more engineering doctorates,
the total number of doctorates they earned still lagged

FOREIGN STUDENTS

Between 1972 and 1992, the number of science and
engineering doctorates awarded to foreign students by U.S.
postsecondary institutions more than doubled although

foreign students earned 20 percent of science and engi—

neering doctorates; by 1992, they earned 38 percent.
The science and engineering field with the highest

proportion of foreign graduates is engineering. Foreign

ARE POSTSECONDARY INSTITUTIONS
DOING ENOUGH ABOUT DIVERSITY?

Despite a large postsecondary educational infrastruc-
ture and perhaps 20 years of effort to diversify the sci-
ence and engineering workforce, few institutions are
producing large enough numbers of black and Hispanic
doctorates to achieve true diversity. In 1992, universi-
ties awarded only 5 percent of science and engineering
doctorates to blacks and Hispanics, collectively GNSF-
l1_99§b_') That year, although 366 postsecondary institu-
tions awarded one or more science and engineering
doctorates, nearly two-thirds of these institutions
awarded no doctorates to blacks, and fewer than half of

Diversifying the science and engineering workforce
may be possible only if postsecondary institutions
increase access to science and engineering study.
Blacks and Hispanics come from backgrounds histori-
cally overrepresented at the lower socioeconomic stra-
ta, at lower household income levels, and among fami-
lies living in poverty. Students from low-income family
backgrounds of all races and ethnic origins complete
college at lower rates than those from higher income
families. For example, 25 percent of blacks who gradu-
ated from high school in 1980 and who are from fami-
lies in the top socioeconomic quartile have since
obtained bachelor’s degrees. Only 8 percent of blacks
from the bottom quartile have completed college. m
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students earned about 61 percent of all engineering doc-
torates in 1992. In the natural sciences, foreign students
earned 41 percent of the doctorates, and in the social and
behavioral sciences, they earned 28 percent. In non-sci-
ence and -engineering fields, foreign students earned only
17 percent of the doctorates. The majority of foreign stu-
dents studying science and engineering in the United
States are from Asia.

The opportunities at home for many foreign science
and engineering doctoral recipients have increased during
the past 20 years as the economies of many countries, par-
ticularly those in Asia, have expanded. As a result, more of
these students are returning home than in previous years.
In 1970, about 54 percent of the foreign science and engi-
neering doctorate recipients planned to stay in the United
States after graduation, mostly to work in academia or
industry. In 1992, about 44 percent planned to stay in the

United States (NSF, 1993¢y).

FIGURE 4-24

Number of institutions awarding science and
engineering doctorates, by race or ethnic origin
of recipient: 1992
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SOURCE: National Science Foundation (1994d). [Special tabulations from the National Science
Foundation survey of earned doctorates]. Unpublished data.

TECHNICAL STUDENTS

Gentry, & Crawley, 1993). The most common types of
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FIGURE 4-25

Science and engineering doctorates awarded,
by citizenship of recipient: 1972 to 1992
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SOURCES: National Science Foundation. (1993a). Science and engineering doctorates: 1960-91
(NSF 93-301). Washington, DC: NSF; National Science Foundation. (1993b). Selected data on
science and engineering doctorate awards: 1992 (NSF 93-315). Washington, DC: NSF.

See appendix table 4-26.

FIGURE 4-26

Proportional distribution of science and
engineering doctorates awarded, by citizenship
of recipient: 1972 to 1992
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See appendix table 4-26.
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FIGURE 4-27

Total number of engineering technology
degrees awarded, by degree level: 1975 to 1991
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SOURCE: National Science Foundation. (1994a). Science and engineering degrees: 1966-91
(NSF 94-305). Arlington, VA: NSF.
See appendix table 4-27.
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types of technical degree include science technologies,
communications technologies, and health technologies.
During the past 15 years, the number of students who
earned technical degrees and certificates increased at all
degree levels (NSF, 1994a).

In 1991, most students who studied engineering tech-
nologies received associate degrees, as opposed to any
other type of degree. Between 1975 and 1991, the num-
ber of engineering technology associate degrees increased
by 46 percent, although the 1991 level is a drop from its
peak level in 1982. Bachelor’s and master’s degrees in this
field have doubled and tripled, respectively. (See sidebar

TECHNICIANS ARE NoT
JUST JUNIOR SCIENTISTS

In a 1993 study of science technicians, Barley and
Bechky found that, while technicians often work with
scientists and engineers, they are not junior scientists
and engineers, nor do they perform routine tasks.
Instead, their work emphasizes skilled technical applica-
tions, which require a significant understanding of the
fundamental science and engineering underpinning of
their trade. Because scientists and engineers, on one
hand, and technicians, on the other, employ comple-
mentary sets of skills, the division of labor between the

archical (Barley & Bechky, 1993). =

THE CARNEGIE CLASSIFICATION

Carnegie Foundation for the Advancement of
Teaching (1991), groups the 3,600 postsecondary
institutions into 11 categories, based largely on their
academic missions. The classification includes all col-
leges and universities in the United States that are

key resource for academe, it aids in assessing the
changing state of postsecondary education and as a
way for campus officials at the respective colleges and
universities to define a niche in relation to other post-
secondary institutions.

Colleges and universities are divided into the fol-
lowing categories: research universities, doctoral uni-
versities, master’s (comprehensive) universities and
colleges, baccalaureate (liberal arts) colleges, associate
of arts colleges, professional schools and specialized
institutions, and other specific groupings. Institutions
are classified according to the highest level of degree
they award, the number of degrees conferred by the
discipline, and, in some cases, the amount of Federal
research support they receive and the selectivity of
their admissions. ®

POSTSECONDARY LEARNING
ENVIRONMENT

In 1994, there were 3,600 postsecondary institutions in
______________________ .

the United States. (Seeisidebar for definition of Carnegie,

greatest increase was among 2-year colleges, with a net
increase of more than 100 institutions. In 1994, 2-year
institutions accounted for a full 40 percent of all postsec-

doctoral science and engineering degrees (NSB, 1993).%

FACULTY

The representation of blacks and Hispanics is lower
within the natural sciences and engineering fields than in
either the social and behavioral sciences or non-science

of all postsecondary faculty, but only about 3 percent of
natural sciences faculty and less than 3 percent of faculty
in engineering. Females are most underrepresented in


http://webserv.educom.edu/Members/CarnegieCls.html
http://www.ed.gov
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FIGURE 4-28

Institutions of higher education,
by institutional type: 1994
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See appendix table 4-28.

engineering. Although they make up about one-third of
all postsecondary faculty, they account for about 15 per-
cent of faculty in the natural sciences and only about 6

One difficulty that postsecondary institutions have in
diversifying their workforce is the small pool of job appli-
cants who are female, members of racial and ethnic

FIGURE 4-29

Percent of full-time faculty
who are black, by field: Fall 1987 and Fall 1992
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SOURCE: National Center for Education Statistics (1994b). [Special tabulations from the 1993 national
study of postsecondary faculty]. Unpublished data.
See appendix table 4-29.

minority groups, or disabled. For example, blacks and
Hispanics collectively account for a small percentage of
all science and engineering doctoral recipients. (See the

The difficulty raised by underrepresentation does not

end with successful recruitment of a satisfactory candi-
date. Instead, the burden is transferred to the shoulders of

the new recruit. Many young faculty members from

FIGURE 4-30

Percent of full-time instructional faculty who are female, by field: Fall 1987 and Fall 1992
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SOURCE: National Center for Education Statistics. (1994b). [Special tabulations from the 1993 national study of postsecondary faculty]. Unpublished data.

See appendix table 4-30.
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underrepresented groups frequently find themselves over-
whelmed with committee assignments, extracurricular
activities, and other responsibilities reflecting their posi-
tion as role models. In addition, limited expectations and
alienation experienced during college years sometimes
reemerges, persists, or grows worse at the faculty level
(Barinaga, 19921 and Etzkowitz et al

experts believe that these problems will exist until a criti-

cal mass of faculty from underrepresented groups is
--------- [}

achieved (:_C_ulo_tga_, 1993).
TEACHING AND RESEARCH

The struggle to prioritize time and resources between
teaching and research continues in postsecondary institu-
tions today. In a 1992 study, about two-thirds of U.S. fac-
ulty in all fields favored teaching over research, compared
with less than half of British faculty, about one-third of

Most postsecondary faculty in the United States, in all
fields, cited teaching as their principal job activity. The
proportions of faculty who indicated teaching as their pri-
mary responsibility varied among the science fields by
only about 10 percentage points—f{rom about 63 percent
in the natural sciences to about 73 percent in the social

FIGURE 4-31

Percent of all faculty whose interest
lies primarily in teaching versus research,
by country of faculty residence: 1992
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SOURCE: Mooney, C.J. (1994, June 22). The shared concerns of scholars. The Chronicle of Higher
Education, XL (42), pp. A34-A38.

and behavioral sciences. (See appendix table 4-31,.)
However, within natural sciences, the proportions of fac-
ulty engaged primarily in teaching varied widely, from
about 45 percent of life science faculty, to about 84 per-
cent of mathematics. About 24 percent of faculty in the
natural sciences cited research as their principal activity,
compared with 16 percent in engineering and only 10
percent social and behavioral sciences.

In doctorate-granting institutions, faculty in science
and engineering typically teach between one and two
courses per semester. In master’s- and bachelor’s-degree-
granting institutions, faculty in these fields teach
between two and three courses on average. In 2-year
institutions, faculty teach between three and four courses.
(See ipperls Gble 432)

Academic research as a primary institutional mission is
most commonly found among doctorate-granting institu-
tions, which account for only 7 percent of postsecondary
institutions. In 2-year institutions and bachelor’s-granting
institutions, which account for nearly 60 percent of the
3,600 postsecondary institutions in the United States,
faculty interests and the reward and tenure system fre-
quently reflect their greater teaching missions.

FIGURE 4-32

Percent of engineering departments
(electrical, mechanical, and civil only)
requiring or offering courses in communications
to faculty and graduate students,
by size of department: 1992

I -
To faculty

Courses offered

32
I -
To graduate
students 31

Courses required

Of faculty

o
©
w
©

Of graduate
students 24

o

20 40 60 80 100
Percent

SOURGE: Burton, L., & Celebuski, C.A. (1994). B Larger departments
Higher education surveys: Undergraduate education (more than 20 faculty)
in electrical, mechanical and civil engineering

(HES Survey No. 16). Washington, DC: S,érga”efr dePﬁ;“mi”ts
National Science Foundation. (20 or fewer faculty)
See appendix table 4-33.

Indicators of Science and Mathematics Education 1995



POSTSECONDARY EDUCATION

PROJECT KALEIDOSCOPE PROVIDES
NEwW PERSPECTIVES

is a collaborative effort to analyze and reform the cur-
rent structure of undergraduate science and mathemat-
ics. Supported by the National Science Foundation
and various grants, the project is a consortium of presi-
dents, deans, and faculty in mathematics and the nat-
ural sciences from liberal arts colleges and other pre-
dominately undergraduate institutions. The consor-
tium recommends revitalizing introductory undergrad-
uate science and mathematics courses, supporting fac-
ulty in their role as teachers and scholars within the
community of learners, and providing adequate science
facilities and equipment. ®

PART-TIME INSTRUCTORS

Some teaching at postsecondary institutions is per-
formed by graduate students and part-time instructors.
About 1 in 10 mathematics courses at bachelor’s-degree-
granting institutions is taught by a graduate student; about
4 in 10 of these courses at 2-year institutions are taught by
part-time faculty. Many of these instructors have little or
no formal preparation for the classroom; moreover, many
graduate teaching assistants are not native English speak-

enhance teaching by part-time instructors and teaching
assistants. Today, 17 states require public colleges and
universities to certify that their teaching assistants are

‘that their faculty and/or graduate students take courses in
communications. These courses may cover teaching tech-
niques, academic or career advising, English language
skills, and American customs and behavior. About 33
percent of mechanical, electrical, and civil engineering
departments require their graduate students_to take com-

munications-related classes. (See figure 4-32:andappen-!

:_d_ix_ table 4-33;) Large departments, those employing

more than 20 faculty members, are more likely than small
departments to offer and require these courses.

INSTRUCTIONAL PRACTICES

Effective science and engineering education requires
that postsecondary institutions enable students to make
connections between in-class learning and real-world sit-
uations—whether in the laboratory or in the field. Some
postsecondary institutions are beginning to put this type
of hands-on approach into practice. For instance, at the

dents have analyzed blood chemistry and height—weight
data in order to establish the equations needed to deter-
mine the level of drug delivery for cancer patients under-
going chemotherapy.

However, overall, only a small percentage of science
and engineering classes make use of a laboratory or prob-
lem-solving format; instead, they rely mostly on lectures.
By field, the laboratory or problem-solving format is most
likely to be used in engineering and least likely to be used
in the social and behavioral sciences. The format’s use
varies significantly by institution type across fields. For
example, although only about 9 percent of all science and
engineering classes at bachelor’s-granting institutions
used laboratories and problem-solving sessions, 28 per-
cent of engineering classes at these institutions used the

format. (Seefigure 4-33'and appendix table 4-34:) In

at doctorate-granting institutions used this format.
Still, many undergraduate mathematics majors have
opportunities to perform discovery-based activities,

institutions to allow undergraduate mathematics majors

FIGURE 4-33

Percent of classes that use a laboratory
or problem-solving format, by type of institution
and field of faculty: Fall 1992
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SOURCE: National Center for Education Statistics. (1994b). [Special tabulations from the 1993 national
study of postsecondary faculty]. Unpublished data.
See appendix table 4-34.
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FIGURE 4-34

Percent of mathematics departments
offering research opportunities to undergraduate
mathematics majors, by type of
project and institution: 1990
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SOURCE: Albers, D.J., Loftsgaarden, D.O., Rung, D.C., &
Watkins, A.E. (1992). Statistical abstract of undergraduate
programs in the mathematical sciences and computer
science in the United States: 1990-91 CBMS survey (MAA
Notes No. 23). Washington, DC: Mathematical Association
of America.

See appendix table 4-35.
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opportunities to engage in research. Master’s-granting
institutions are more likely to offer senior projects or the-
ses than are other institutions. Bachelor’s-granting insti-
tutions are more likely than other institutions to require

1995

Of course, laboratory or practical problem-solving
experience is not, in itself, a guarantee that students will
be challenged by and engaged in their science and engi-
neering studies. The scientific research society,'Sigma Xis

1(1990), reports that laboratory experiences—particularly
~at the introductory levels—Ilack imagination and are rou-
tine and dull. Many laboratory investigations make doing
science seem like following a recipe in a cookbook:
Students learn that if they repeat the steps outlined in
the laboratory manual, they get the proper outcome.

Instead, the laboratory format should instill understand-

room atmosphere tends to dampen the spirit of intellec-
tual adventure. They say that interactive, cooperative
learning experiences take a distant back seat to passive
instructional formats. Introductory classes tend to feature
the professor working through a series of problems that
students are expected to record in their notebooks and
mimic on homework problems. This approach, along
with the rapid pace of the courses, large class sizes, and a
lack of exchange among students and with faculty, never
allows students to see science and engineering as a

RESOURCES

Much of the storehouse of research equipment and
instrumentation owned by colleges and universities is not
used for undergraduate instruction. Of all of the equip-
ment and instrumentation valued at between $10,000
and $1 million owned by doctorate-granting institutions

(Seeifigure 4-35 andiappendix table 4-37!) Just 8 percent

In 1986, a national calculus reform effort was born at a conference ati Tulane University! The conference empha-

sized three main ideas:

Courses should promote conceptual understanding and the application of calculus to open-ended problems
rather than focus on rote implementation of symbolic algorithms.

necessary for further learning in their majors.

0 Calculus should be geared to the needs of average students—students for whom some command of calculus is

71 Students should be engaged in doing calculus as active learners.
To accomplish these goals, conference participants recommended a change in instructional techniques and the

doubled.

Yet, as of 1990, few calculus courses embodied the activities advanced by the calculus reform movement. Of all cal-
culus course sections offered in 4-year institutions, about 10 percent had some writing component, about 8 percent of
sections used computer-based projects, and just 3 percent used group projects. ®


http://www.tulane.edu/
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FIGURE 4-35

Percent of college and university equipment and
instrumentation at doctorate-granting institutions
used for instruction or research: 1988 to 1989
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NOTE: Includes only movable instrumentation and equipment originally costing $10,000 to
$999,999 owned by research-performing colleges and universities for use in the natural sciences
and engineering, from 1988 to 1989.

SOURCE: National Science Foundation. (1991). Characteristics of science/engineering equipment in
academic settings: 1989-90 (NSF 91-315). Washington, DC: NSF.

See appendix table 4-37.
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of the equipment and instrumentation (such as comput-
ers, spectrometers, microscopes, and bioanalytical instru-
ments) were used either solely or predominantly for
\instruction.

CONCLUSION

Science, engineering, and technical education remains
vital in the United States. An analysis of median earn-
ings of full-time workers with at least a bachelor’s degree
shows that society places high value on those in natural
science and engineering occupations. In 1990, engineers
earned 26 percent more than the median income of
those holding bachelor’s or higher degrees in any field,
physical scientists made 8 percent more, and computer
scientists earned 5 percent more than the median
income. However, those with degrees in education and
the social sciences made 32 and 23 percent less, respec-

1994 ). The ranking of median income by occupation was
virtually the same in 1970.

terms between 1992 and 2000 clearly required postsec-
ondary science or technical educations: systems analysis.
About half of the top 25 fastest growing occupations—
which are expected to account for half of the total employ-

ment growth in the United States over the period—are in
retail, clerical, and maintenance areas, requiring little or
no advanced preparation in science and technology.
However, occupations requiring training in natural sci-
ences and engineering are expected to experience favor-
able growth between 1992 and 2000. Of course, projec-
tions must be interpreted with caution, because they are
based on models that assume previous trends will continue.

Reviews and studies on the skills requirements of cur-
rent and future jobs reveal little overall change in the
skills required for particular occupations and no dramatic
shifts in demand for skilled labor for the workforce of
2000 (Levin, 1993). However, some experts believe that,
in order to remain competitive, employers will need
workers with a greater depth and breadth of skills who
can rethink and reorganize the way that goods and ser-
vices are produced W

U.S. postsecondary science, engineering, and technical
education should be able to fulfill future demands for
skilled workers. Despite some problems, the condition of
postsecondary science, engineering, and technical educa-
tion in the United States is strong and is continuing to
adapt to meet new pressures and needs. High school grad-
uates have higher aspirations, and are better prepared, for
postgraduate study. Total enrollment and the diversity of
enrollment, in terms of sex, race, and ethnic origin, have
increased, although somewhat slowly for blacks.

Very high proportions of students are taking at least
one college course in mathematical or computer sciences,
physical or life sciences, and social and behavioral sci-
ences. Mathematics college course enrollments have
increased, although a substantial part of that increase is
due to increases in remedial math enrollments.

Ongoing reforms are changing the way science and
engineering are taught and learned at the undergraduate
level; however, very few college science and engineering
courses are taught in a laboratory or problem-solving for-
mat, and seldom do mathematics courses require, for
example, writing assignments, group projects, or comput-
er assignments. Policy makers and educators continue to
look for ways to reduce the high levels of student attri-
tion from majors in the natural sciences and engineering.

Although the numbers of bachelor’s, master’s, and doc-
torate degrees earned by females and underrepresented
racial and ethnic groups have increased, these groups
remain underrepresented in science and engineering, par-
ticularly within the natural sciences and engineering, at
the graduate level and among science and engineering
faculty. Of particular concern are degree trends for blacks.
The number of undergraduate- and graduate-level science
and engineering degrees earned by blacks have remained
relatively flat over the past 10 years. Moreover, the num-
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ber of science and engineering doctorates earned by black
males has actually declined.

More systematic research is needed on the quality of
education received by students in college and universi-
ties, how curricula are being reformed, and ways of reduc-
ing student attrition. Research is particularly needed on
the proper education of students who will become ele-
mentary and secondary schoolteachers of science and
mathematics. In addition, research ought to consider
more fully the contributions that science, engineering,
and technical education make to the economy and
national well-being. ®

ENDNOTES

! The report was based on the findings from 30 round-
table sessions that brought together senior officers from
hundreds of colleges and universities across the United
States.

? Because these students provide diverse perspectives
that can potentially benefit science and technology
fields, science and engineering education must change to
accommodate_new learning styles and fulfill new needs
(Wineke & Certain, 1990).

3 This is the first year for which complete enrollment
data by race and ethnicity exist.

* The extent to which this finding applies to various
subpopulations—including those who have historically
been underrepresented in science and engineering—is
unknown because of sample size.

> The problem of student retention in science and
engineering is not confined to the undergraduate level.
At the graduate level, as many as half of science and

¢ Some of this decrease can be attributed to students
who graduate from high school and do not to pursue
postsecondary education of any kind.

7 For more information on trends in science and engi-

neering degrees, see:'_l\ls_li ( 1_9_9_32:.

8 People with disabilities are also considered to be
underrepresented in science and engineering, although
no data on degrees by disability status exist.

? Technicians apply science- and engineering-based
techniques using complex technologies in order to trans-
form materials into useful products. Technicians may also
be called upon to modify or repair equipment that is used
in the production of goods and services.

1 The Carnegie Foundation for the Advancement of
Teaching last classified U.S. postsecondary institutions in
1987.

' Two-year institutions provide educational access for

1995

local residents to job-related courses, adult education,
technically based programs, and preparation for study at
4-year institutions. Tuition is generally lower at 2-year
institutions than at 4-year colleges, and campuses are
community-based, allowing students to pursue postsec-
ondary education more easily while holding full- or part-
time jobs.

2 One reason may be that these institutions draw stu-
dents from a wider geographic area than other schools
and combine an educational mission with a strong mis-
sion in fundamental research and discovery.

1 The proportion of this fraction that was available for
undergraduate, rather than graduate, instruction is
unknown.
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Appendix table 1-1

Summary of NSF funding for the Directorate for Education and Human
Resources (EHR): 1956 to 1994 (dollars in millions)

EHR K-12 Undergraduate Graduate Informal Other
Fiscal Total Percent Percent Percent Percent Percent Percent
Year NSF Total of NSF Total of EHR Total of EHR Total of EHR Total of EHR Total of EHR
1956 16.0 3.5 22.0 09 241 0.6 15.9 2.1 50.1 0.0 0.0 - -
1957 38.6 14.3 37.0 10.2 71.0 1.1 8.0 3.0 21.0 0.0 0.0 - -
1958 50.0 19.2 38.4 12.7 66.0 2.5 13.0 4.2 22.0 0.0 0.0 - -
1959 132.9 61.3 46.1 41.1 67.0 10.4 17.0 9.8 16.0 0.0 0.0 - -
1960 158.6 63.7 40.2 41.4 65.0 115 18.0 10.2 16.0 0.3 0.5 - -
1961 175.0 63.4 36.3 38.7 61.0 14.0 22.0 10.8 17.0 0.3 0.5 - -
1962 260.8 83.6 32.1 52.7 63.0 15.9 19.0 14.2 17.0 0.3 0.4 - -
1963 320.8 98.7 30.8 56.3 57.0 22.7 23.0 18.8 19.0 0.4 0.4 - -
1964 354.6 111.2 31.4 60.1 54.0 23.4 21.0 26.7 24.0 0.4 0.4 - -
1965 416.0 120.4 28.9 53.0 44.0 31.3 26.0 36.1 30.0 0.4 0.3 - -
1966 466.4 124.3 26.6 522 420 32.3 26.0 39.8 32.0 0.1 0.1 - -
1967 465.1 125.8 27.1 50.3 40.0 30.2 24.0 45.3 36.0 0.4 0.3 - -
1968 500.3 134.5 26.9 53.8 40.0 35.0 26.0 44.4 33.0 0.3 0.2 - -
1969 432.6 1153 26.7 45.0 39.0 30.0 26.0 40.4 35.0 0.2 0.2 - -
1970 462.5 1204 26.0 50.5 41.9 27.6 23.0 42.1 34.9 0.2 0.2 - -
1971 496.1 98.8 19.9 36.6 37.0 21.7 22.0 39.5 40.0 0.4 0.4 - -
1972 600.7 86.1 14.3 353 41.0 27.6 32.0 23.3 27.0 0.7 0.8 - -
1973 610.3 62.2 10.2 243 39.0 17.4 28.0 19.3 31.0 0.6 1.0 - -
1974 645.7 80.7 125 30.7 38.0 29.1 36.0 19.4 24.0 2.4 3.0 - -
1975 693.1 74.0 10.7 28.1 38.0 21.5 29.0 22.2 30.0 1.5 2.0 - -
1976 724.4 62.5 8.6 75 120 35.0 56.0 17.5 28.0 2.5 4.0 - -
1977 791.8 74.3 9.4 9.7 13.0 43.1 58.0 17.8 24.0 3.7 5.0 - -
1978 857.3 74.0 8.6 141  19.0 355 48.0 18.5 25.0 5.2 7.0 - -
1979 926.9 80.0 8.6 16.0 20.0 36.8 46.0 20.8 26.0 6.4 8.0 - -
1980 975.1 77.2 7.9 16.9 219 32.3 41.8 20.3 26.3 7.6 9.9 - -
1981  1,035.3 70.7 6.8 26.1 36.9 26.0 36.8 14.8 21.0 3.8 5.3 - -
1982 999.1 20.9 2.1 3.8 183 0.0 0.0 15.0 71.8 2.1 10.0 - -
1983  1,101.7 30.0 2.7 12.8 427 0.0 0.0 15.0 50.0 2.2 7.3 - -
1984  1,306.9 75.0 5.7 52,5 70.0 0.0 0.0 20.3 27.1 2.2 2.9 - -
1985  1,507.1 82.0 5.4 425 51.8 5.0 6.1 27.3 33.3 7.2 8.8 - -
1986  1,493.2 84.6 5.7 447 529 5.4 6.3 26.5 31.4 8.0 9.4 - -
1987  1,627.6 99.0 6.1 50.8 51.3 9.5 9.6 27.3 27.6 114 115 - -
1988  1,722.6  139.2 8.1 76.4 549 19.0 13.6 30.3 21.8 135 9.7 - -
1989 1,885.9 171.0 9.1 104.0 60.8 28.0 16.4 24.0 14.0 15.0 8.8 - -
1990 2,026.1 2043 10.1 125.0 61.2 34.0 16.6 29.9 14.6 15.4 7.5 - -
1991  2,343.5 3220 137 194.3 60.3 47.6 14.8 38.8 12.0 23.1 7.2 18.2 5.7
1992 2,571.3 4415 17.2 2699 611 68.7 15.6 50.2 114 345 7.8 18.1 4.1
1993 2,749.7 505.1 18.4 2735 542 74.5 14.8 77.4 15.3 34.6 6.9 45.1 8.9
1994  3,017.8 569.0 18.9 323.6 56.9 98.2 17.3 59.9 10.5 34.6 6.1 52.6 9.2

-- Not applicable (not in EHR budget).

NOTES: “K-12" excludes informal science, and includes the public science portion of Research on Teaching and Learning. “Other”
includes activities such as EPSCoR, Faculty Awards for Women, Visiting Professorships for Women, and Minority Research Centers.
SOURCES: National Science Foundation. (1992). EHR Directory of awards: Fiscal year 1990 (NSF 92-75). Washington, DC: NSF;

National Science Foundation. (1994). [Budget figures]. Unpublished tabulations.
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Appendix table 1-2

Total budget obligations in fiscal year 1994 for mathematics, science, engineering,
and technological education of 11 Federal agencies (dollars in millions): 1995

Federal agency

National Dept. of
Total Science Dept. of Health & Dept.of Other seven

Level of school enacted Foundation Education Human Services Defense agencies
Grand total $2,612 $610 $524 $712 $540 $226
Kindergarten to 12th 771 339 333 21 26 52
Undergraduate 426 176 10 37 145 58
Graduate 999 88 27 449 369 66
Public understanding of science

(informal science) 416 7 154 205 - 50

-- Not available.

NOTES: Other Federal agencies include the Departments of Agriculture, Commerce, Energy, and Interior; Smithsonian
Institution, National Aeronautics and Space Administration, and Environmental Protection Agency. Because of
definitional changes, these figures may not be compatible with previous analyses of this topic. Agency figures may be
different as result of evolving priorities for uses of funding.

SOURCE: National Science and Technology Council (NSTC) Committee on Education and Training (CET) Budget
Working Group. (1995). [Budget figures from departmental budget offices]. Unpublished tabulations.
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Appendix table 1-3

Number and percent of students enrolled in grades 1-12 and college,
by race or ethnic origin: 1970 to 1993

Level of school Race or ethnic origin 1970 1975 1980 1985 1990 1993
Number (in thousands)

Grades 1-12 All races 48,665 46,129 42,005 40,845 41,984 44,126
White 41,361 38,636 34,566 32,971 33,520 34,900
Black 6,702 6,708 6,459 6,438 6,602 7,109
Hispanic NA 3,010 3,411 3,959 4,738 5,090
Other races 602 785 980 1,436 1,862 2,117

College All races 7,413 9,697 10,180 10,863 11,303 11,409
White 6,759 8,516 8,875 9,334 9,465 9,366
Black 522 948 1,007 1,049 1,187 1,261
Hispanic NA 411 443 579 617 867
Other races 132 233 298 480 651 782

Percent

Grades 1-12 All races 100 100 100 100 100 100
White 85 84 82 81 80 79
Black 14 15 15 16 16 16
Hispanic NA 7 8 10 12 12
Other races 1 1 2 4 4 5

College All races 100 100 100 100 100 100
White 91 88 87 86 84 82
Black 7 10 10 10 11 11
Hispanic NA 4 4
Other races 2

NA: Not available.
NOTES: Persons of Hispanic origin may be of any race. Totals may not equal 100 percent as a result of rounding.

SOURCES: U.S. Bureau of the Census. (1990).School enrollment—social and economic characteristics of students: 1989
(Current Population Reports, Population Characteristics Series P-20, No. 443). Washington, DC: U.S. Government Printing Office;

U.S. Bureau of the Census. (1991). School enrollment—social and economic characteristics of students: October 1990 (Current
Population Reports, Population Characteristics Series P-20, No. 460). Washington, DC: U.S. Government Printing Office; U.S.

Bureau of the Census. (1994). School enrollment—social and economic characteristics of students: October 1993 (Current
Population Reports, Population Characteristics Series P-20, No. 479). Washington, DC: U.S. Government Printing Office.
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Appendix table 1-4

Children ages 5-17 speaking a language other than English at home,
by English proficiency level: 1980 and 1990

Number Percent

Language proficiency level 1980 1990 1980 1990

All children ages 5-17

All children ages 5-17 47,493,975 45,342,448 100 100

Children who speak a language
other than English 4,568,329 6,322,934 10 14

Children who speak a language
other than English

English proficiency level

Very well 2,670,957 3,934,691 59 62
Well 1,235,088 1,480,680 27 23
Not well 509,665 761,778 11 12
Not at all 125,161 145,785 3 2

NOTES: Includes only children in households and excludes children in group quarters. Proficiency level reported by
the householder completing the census form.

SOURCES: U.S. Department of Commerce. (1980). 1980 Census of population, detailed population characteristics:
United States summary (PC 80-1-D1-A). Washington, DC: U.S. Bureau of the Census; U.S. Department of
Commerce. (1990). 1990 Census of population (CPH-L-96). Washington, DC: U.S. Bureau of the Census.
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Appendix table 1-5

Education level of parents of elementary or secondary

school students, by student race or ethnic origin: 1970 to 1993

Number (in thousands) Percent
Education level 1970 1980 1990 1993 1970 1980 1990 1993
Students of all races

Total 48,016 41,369 39,923 41,707 99.9 100.0 100.1 100.0
0-8 years of school 9,812 5,921 3,518 2,653 20.4 14.3 8.8 6.4
9-11 years of school 9,079 6,232 4,691 4,553 18.9 15.1 11.8 10.9
High school graduate 16,871 15,743 14,894 14,094 35.1 38.0 37.3 33.8
College 1-3 years 5,107 6,127 7,930 10,813 10.6 14.8 19.9 259
College graduate or more 7,147 7,346 8,890 9,593 14.9 17.8 22.3 23.0

White students

Total 40,825 34,050 32,021 33,124 100.0 100.0 100.0 100.0
0-8 years of school 7,258 4,412 2,628 2,049 17.8 13.0 8.2 6.2
9-11 years of school 7,094 4,358 3,238 3,030 17.4 12.8 10.1 9.1
High school graduate 15,262 13,277 11,905 11,090 37.4 39.0 37.2 33.5
College 1-3 years 4,655 5,260 6,479 8,704 11.4 15.4 20.2 26.3
College graduate or more 6,556 6,743 7,771 8,250 16.0 19.8 24.3 24.9

Black students

Total 6,602 6,358 6,155 6,598 100.1 100.0 100.0 100.0
0-8 years of school 2,401 1,326 645 360 36.4 20.9 10.5 5.5
9-11 years of school 1,910 1,769 1,335 1,301 28.9 27.8 21.7 19.7
High school graduate 1,411 2,175 2,492 2,522 21.4 34.2 40.5 38.2
College 1-3 years 421 744 1,090 1,768 6.4 11.7 17.7 26.8
College graduate or more 459 344 593 650 7.0 5.4 9.6 9.9

Hispanic students

Total NA 3,347 4,420 4,704 NA 100.0 99.9 100.0
0-8 years of school NA 1,634 1,677 1,438 NA 48.8 37.9 30.6
9-11 years of school NA 493 735 943 NA 14.7 16.6 20.0
High school graduate NA 774 1,184 1,280 NA 23.1 26.8 27.2
College 1-3 years NA 293 539 728 NA 8.8 12.2 15.5
College graduate or more NA 153 285 315 NA 4.6 6.4 6.7

NA: Not available.

NOTES: Data not available for Hispanics before 1980. Persons of Hispanic origin may be of any race. Numbers may not equal totals as a result

of rounding.

SOURCES: U.S. Bureau of the Census. (1971). School enrollment: October 1970 (Current Population Reports, Population Characteristics Series
P-20, No. 222). Washington, DC: U.S. Government Printing Office; U.S. Bureau of the Census. (1981). School enrollment—social and economic
characteristics of students: October 1981 and 1980 (Current Population Reports, Population Characteristics Series P-20, No. 400). Washington,
DC: U.S. Government Printing Office; U.S. Bureau of the Census. (1991). School enrollment—social and economic characteristics of students:

October 1990 (Current Population Reports, Population Characteristics Series P-20, No. 460). Washington, DC: U.S. Government Printing Office;

U.S. Bureau of the Census. (1993). School enroliment—social and economic characteristics of students: October 1992 (Current Population

Reports, Population Characteristics Series P-20, No. 474). Washington, DC: U.S. Government Printing Office; U.S. Bureau of the Census. (1994).
School enrollment—social and economic characteristics of students: October 1993 (Current Population Reports, Current Population Series P-20,
No. 479). Washington, DC: U.S. Government Printing Office.
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Appendix table 1-6

Number and percent of one- or two-parent families with children
under age 18, by race or ethnic origin: 1970 to 1993

Number (in thousands) Percent
Family characteristic 1970 1980 1990 1993 1970 1980 1990 1993
All families, total 29,631 32,150 34,670 36,058 100 100 100 100
White 26,115 27,294 28,294 29,225 100 100 100 100
Black 3,219 4,705 5,087 5,364 100 100 100 100
Hispanic NA 2,194 3,429 3,838 100 100 100 100
One-parent families, total 3,808 6,920 9,749 10,901 13 22 28 30
White 2,638 4,664 6,389 7,167 10 17 23 25
Black 1,148 2,114 3,081 3,377 36 52 61 63
Hispanic NA 568 1,140 1,344 NA 26 33 35
Two-parent families, total 25,823 25,231 24,921 25,157 87 78 72 70
White 23,477 22,628 21,905 22,058 90 83 77 76
Black 2,071 1,961 2,006 1,987 64 48 39 37
Hispanic NA 1,626 2,289 2,494 NA 74 67 65

NA: Not available.

NOTES: Persons of Hispanic origin may be of any race. Numbers may not equal totals as a result of rounding.

SOURCES: U.S. Bureau of the Census. (1992). Household and family characteristics: March 1991 (Current Population Reports,
Population Characteristics Series P-20, No. 458). Washington, DC: U.S. Government Printing Office; U.S. Bureau of the Census. (1993).
Household and family characteristics: March 1992 (Current Population Reports, Population Characteristics Series P-20, No. 467).

Washington, DC: U.S. Government Printing Office; U.S. Bureau of the Census. (1994). Household and family characteristics: March

1993 (Current Population Reports, Population Characteristics Series P-20, No. 477). Washington, DC: U.S. Government Printing Office.
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Appendix table 1-7

Number and percent of white, black, and Hispanic children
ages 6-17 below the poverty level: 1970 to 1993

Race or Number (in thousands) Percent below poverty level

ethnic origin 1970 1980 1990 1993 1970 1980 1990 1993
Total 6,932 7,128 6,848 8,865 14.3 16.8 17.6 20.1
White 4,101 4,336 4,254 5,369 9.9 12.4 134 15.4
Black 2,708 2,544 2,206 2,999 41.3 40.4 39.8 42.6
Hispanic NA NA 1,545 2,117 NA NA 36.7 37.7

NA: Not available.

NOTES: Poverty status of 1970, 1980, 1990, and 1993 as surveyed on a sample in March of 1971, 1981, 1991, and 1994,
respectively. Persons of Hispanic origin may be of any race.

SOURCES: U.S. Bureau of the Census. (1971). Characteristics of the low-income population: 1970 (Current Population Reports,
Population Characteristics Series P-60, No. 18). Washington, DC: U.S. Government Printing Office; U.S. Bureau of the Census. (1981).
Characteristics of the population below the poverty level: 1980 (Current Population Reports, Population Characteristics Series P-60,
No. 133). Washington, DC: U.S. Government Printing Office; U.S. Bureau of the Census. (1991). Poverty in the United States: 1990
(Current Population Reports, Population Characteristics Series P-60, No. 175). Washington, DC: U.S. Government Printing Office; U.S.
Bureau of the Census. (1994). Official poverty statistics: 1993 (Current Population Reports, Population Characteristics Series P-60,
No. 188). Washington, DC: Government Printing Office.
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Appendix table 2-1

NAEP science proficiency: percent of students at or above selected
anchor points, by age and race or ethnic origin, 1977 to 1992

Age and race or Anchor Difference Difference
ethnic origin point 1977 1982 1986 1990 1992 1977-1992 1982-1992
Age 17  Total 300 417 (09) 37.3 (0.9) 413 (1.4) 433 (13) 46.6 (L5) 49 (17) 9.3 (1.7)
White 475 (0.7) 439 (12) 487 (1.7) 512 (15 554 (L7) 7.9 (18) 115 (2.1)

Black 7.7 (1.0) 65 (L1) 125 (2.2) 157 (40) 141 (2.5) 6.4 (2.7) 76 (27)

Hispanic 185 (2.1) 11.1 (2.0 148 (29 211 (3.3) 23.0 (3.8) 45 (4.3) 11.9 (4.3)

Total 250 81.6 (0.7) 76.6 (1.0) 80.7 (1.3) 812 (0.9 83.3 (1.2 1.7 (14) 6.7 (1.6)

White 88.2 (0.4) 849 (0.9) 87.8 (14) 896 (0.8) 90.5 (1.0) 23 (11) 56 (1.3)

Black 405 (1.5) 350 (21) 522 (32) 514 (37) 557 (37 152 (4.0) 20.7 (4.3)

Hispanic 61.5 (1.7) 48.0 (27) 600 (72) 59.9 (5.0) 68.3 (6.6) 6.8 (6.8) 20.3 (7.1)

Total 200 97.1 (0.2) 95.7 (0.5) 97.1 (05) 96.7 (0.3) 97.8 (0.5) 0.7 (0.5) 21 (0.7)

White 99.2 (0.1) 98.6 (0.2) 98.8 (0.3) 99.0 (0.2) 99.3 (0.3) 0.1 (0.3) 0.7 (0.4)

Black 836 (1.3) 797 (19 909 (21) 883 (1.9) 921 (18) 85 (2.2) 124 (2.6)

Hispanic 93.1 (1.7) 869 (29) 933 (24) 919 (2.2) 946 (26) 1.5 (3.1) 7.7 (3.9

Age 13 Total 300 11.1 (0.5 9.6 (0.7) 9.1 (090 11.2 (0.6) 12.0 (0.8) 0.9 (0.9) 24 (1.1)
White 13.4 (0.5) 11.5 (0.8) 11.3 (1.2) 14.2 (0.8) 15.0 (1.0 1.6 (11) 35 (1.3

Black 1.2 (0.4) 0.8 (0.3 1.1 (0.4) 1.5 (0.5) 1.8 (0.8) 0.6 (0.9) 1.0 (0.9

Hispanic 1.8 (0.8) 2.4 (0.9) 15 (07) 3.3 (0.8) 33 (1.3) 1.5 (15) 0.9 (1.6)

Total 250 48.8 (1.1) 50.9 (1.6) 525 (1.6) 56.5 (1.0) 61.3 (1.1) 12,5 (1.6) 104 (1.9)

White 56.5 (0.9) 58.3 (14) 61.0 (L7) 665 (1.2) 711 (1.3) 146 (16) 12.8 (1.9)

Black 149 (1.7) 17.1 (1.9 19.6 (2.8) 243 (3.3) 26.2 (2.8) 11.3 (3.3) 9.1 (34

Hispanic 18.1 (1.8) 241 (51) 249 (43) 300 (28) 365 (29) 184 (3.4) 124 (5.9)

Total 200 86.0 (0.7) 89.8 (0.8) 916 (10) 923 (0.7) 931 (0.5) 7.1 (0.9) 33 (0.9)

White 92.2 (0.5) 94.4 (0.6) 96.1 (0.8) 96.9 (0.4) 97.9 (0.4) 5.7 (0.6) 3.5 (0.7)

Black 57.3 (2.4) 68.6 (2.4) 73.6 (3.00 77.6 (3.6) 73.8 (2.8) 16.5 (3.7) 52 (3.7)

Hispanic 62.2 (2.4) 75.5 (3.3) 76.7 (3.2) 80.2 (2.9 86.2 (2.6) 240 (3.5) 10.7 (4.2)

Age 9 Total 300 3.2 (0.3) 23 (0.7) 30 (05 31 (0.3) 3.4 (0.3) 0.2 (0.4) 1.1 (0.8)
White 3.9 (0.3) 2.9 (0.9 38 (0.6) 3.9 (04) 43 (0.4) 0.4 (0.5) 1.4 (10)

Black 0.2 (0.1) 0.1 (0.4) 0.3 (0.2 0.1 (0.2 0.3 (0.3) 0.1 (0.3) 0.2 (0.5)

Hispanic 0.3 (0.4) 0.0 (0.0 0.2 (0.2 0.4 (0.4) 0.4 (0.4) 0.1 (0.6) 0.4 (0.4)

Total 250 257 (0.7) 243 (1.8) 275 (14) 311 (0.8) 328 (L0) 71 (1.2) 85 (2.1)

White 308 (0.7) 294 (21) 327 (15) 375 (11) 394 (L.1) 8.6 (13) 10.0 (2.4)

Black 3.5 (0.6) 3.9 (1.3 8.3 (1.5 8.5 (1.1) 9.2 (1.4) 5.7 (1.5) 5.3 (1.9

Hispanic 8.8 (1.7) 4.2 (2.7) 10.7 (24) 116 (2.1) 11.7 (1.8) 2.9 (2.5) 75 (3.2

Total 200 68.0 (1.1) 707 (1.9) 720 (L1) 764 (09) 780 (1.2)  10.0 (1.6) 7.3 (22

White 768 (0.7) 784 (20) 789 (10) 844 (0.7) 855 (0.9) 8.7 (1.1) 7.1 (2.2)

Black 272 (15) 389 (27) 462 (23) 46.4 (31) 513 (35 241 (3.8) 12.4 (4.4)

Hispanic 42.0 (3.1) 40.2 (6.1) 50.1 (3.7) 56.3 (3.7) 55.5 (4.3) 13.5 (5.3) 15.3 (7.5)

NOTE: Standard errors appear in parentheses.
SOURCE: Mullis, 1.V.S., et al. (1994). NAEP 1992 trends in academic progress (Report No. 23-TR01). Washington, DC: National Center for
Education Statistics.
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Appendix table 2-2

NAEP mathematics proficiency: percent of students at or above selected anchor
points, by age and race or ethnic origin, 1978 to 1992

Age and race or Anchor Difference Difference
ethnic origin point 1978 1982 1986 1990 1992 1978-1992 1982-1992
Age 17 Total 300 51.5 (1.1) 485 (1.3) 51.7 (1.4) 56.1 (1.4) 59.1 (1.3) 7.6 (1.7) 10.6 (1.8)
White 57.6 (1.1) 54.7 (1.4) 59.1 (1.7) 63.2 (1.6) 66.4 (1.4) 88 (1.8 117 (2.0)

Black 16.8 (1.6) 17.1 (1.5) 20.8 (2.8) 32.8 (4.5) 29.8 (39) 13.0 (4.2 12.7  (4.2)

Hispanic 234 (2.7) 216 (2.2) 26.5 (4.5) 30.1 (3.1) 39.2 (49) 158 (5.6) 176 (54)

Total 250 92.0 (0.5) 93.0 (0.5) 95.6 (0.5) 96.0 (0.5) 96.6 (0.5) 4.6 (0.7) 3.6 (0.7)

White 95.6 (0.3) 96.2 (0.3) 98.0 (0.4) 97.6 (0.3) 98.3 (0.4) 2.7 (05) 21  (05)

Black 70.7 (1.7) 76.4 (1.5) 85.6 (2.5) 924 (2.2) 89.6 (25 189 (3.0) 132 (2.9

Hispanic 78.3 (2.3) 81.4 (1.9 89.3 (2.5) 85.8 (4.2) 94.1 (22) 158 (3.2) 12.7 (2.9

Total 200 98.8 (0.1) 99.9 (0.0) 99.9 (0.1) 100.0 (0.1) 100.0 (0.0 1.2 (0.1) 0.1 (0.0

White 100.0 (0.0) 100.0 (0.0) 100.0 (0.1) 100.0 (0.0) 100.0 (0.0) 0.0 (0.0) 0.0 (0.0)

Black 98.8 (0.3) 99.7 (0.2) 100.0 (0.2) 99.9 (0.2) 1000 (0.1) 1.2 (0.3) 03 (0.2

Hispanic 99.3 (0.4) 99.8 (0.3) 99.4 (1.2) 99.6 (0.7) 100.0 (0.0) 0.7 (0.4) 0.2 (0.3)

Age 13 Total 300 18.0 (0.7) 17.4 (0.9) 15.8 (1.0) 17.3 (1.0) 18.9 (1.0) 09 (1.2 1.5 (1.3
White 21.4 (0.7) 20.5 (1.0) 18.6 (1.2) 21.0 (1.2) 228 (1.3) 1.4 (15) 23  (16)

Black 2.3 (0.5) 2.9 (1.0 4.0 (14) 3.9 (16) 40 (07) 1.7 (0.9) 1.1 (12

Hispanic 4.0 (1.0) 6.3 (1.0) 55 (1.1) 6.4 (1.7) 70 (12) 3.0 (16) 07 (16)

Total 250 64.9 (1.2) 714 (1.2) 73.3 (1.6) 74.7 (1.0) 779 (1.1) 13.0 (1.6) 6.5 (1.6)

White 72.9 (0.9) 78.3 (0.9) 78.9 (1.7) 82.0 (1.0) 849 (1.1) 120 (1.4 6.6 (1.4

Black 28.7 (2.1) 37.9 (2.5) 49.0 (3.7) 48.7 (3.6) 51.0 (27) 223 (34) 131 (3.7

Hispanic 36.0 (2.9) 522 (2.5) 56.0 (5.0) 56.7 (3.3) 63.3 (2.7) 273 (400 111 (3.7)

Total 200 94.6 (0.5) 97.7 (0.4) 98.6 (0.2) 98.5 (0.2) 98.7 (0.3) 4.1 (0.6) 1.0 (0.5)

White 97.6 (0.3) 99.1 (0.1) 99.3 (0.3) 99.4 (0.1) 99.6 (0.2) 20 (0.4 05 (0.2)

Black 79.7 (1.5) 90.2 (1.6) 95.4 (0.9) 954 (1.1) 95.0 (1.4) 153 (2.1) 48 (2.1)

Hispanic 86.4 (0.9) 95.9 (0.9) 96.9 (1.4) 96.8 (1.1) 98.1 (0.7) 11.7 (1.1) 22 (11)

Age 9 Total 300 0.8 (0.1) 0.6 (0.1) 0.6 (0.2) 1.2 (0.3) 1.2 (03) 04 (0.3) 0.6 (0.3)
White 0.9 (0.2) 0.6 (0.1) 0.8 (0.3) 15 (0.4) 1.4 (0.3) 05 (0.4) 0.8 (0.3)

Black 0.0 (0.1) 0.0 (0.1) 0.1 (0.1) 0.1 (0.1) 0.1 (0.1) 0.1 (0.1) 0.1 (0.1)

Hispanic 0.2 (0.5) 0.0 (0.0) 0.1 (0.2) 0.2 (0.2) 0.1 (05 -01 (0.7) 0.1 (05)

Total 250 19.6 (0.7) 18.8 (1.0) 20.7 (0.9) 27.7 (0.9) 278 (090 82 (1L1) 9.0 (13

White 22.9 (0.9) 21.8 (1.1) 246 (1.0) 32.7 (1.0) 324 (1.0) 95 (1.3) 106 (15)

Black 4.1 (0.6) 4.4 (0.8) 5.6 (0.9) 9.4 (1.7) 9.6 (1.4) 55 (1.5) 52 (1.6)

Hispanic 9.2 (2.5) 7.8 (1.7) 7.3 (2.8) 11.3 (3.5) 11.7 (2.5) 25 (35) 39 (3.0

Total 200 70.4 (0.9) 714 (1.2) 741 (1.2) 81.5 (1.0) 814 (0.8) 11.0 (1.2) 100 (1.4)

White 76.3 (1.0) 76.8 (1.2) 79.6 (1.3) 86.9 (0.9) 86.9 (0.7) 106 (1.2) 10.1 (1.4)

Black 42.0 (1.4) 46.1 (2.4) 53.4 (2.5) 60.0 (2.8) 50.8 (2.8) 17.8 (3.1) 13.7 (3.7)

Hispanic 54.2 (2.8) 55.7 (2.3) 57.6 (2.9) 68.4 (3.0 65.0 (29) 10.8 (4.0 9.3 (37

NOTE: Standard errors appear in parentheses.
SOURCE: Mullis, 1.V.S., et al. (1994). NAEP 1992 trends in academic progress (Report No. 23-TR01). Washington, DC: National Center for
Education Statistics.
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Appendix table 2-3

Percent of eighth-grade mathematics students performing at each

proficiency level, by race or ethnic origin and socioeconomic status: 1988

Proficiency level and race Socioeconomic status
or ethnic origin of student Total Low Middle High
Percent performing below basic level
White 155 (0.7) 25.8 (2.0) 16.1 (0.9) 8.2 (0.8)
Black 28.9 (1.9 334 (3.1) 26.6 (2.7) 20.1 (4.8)
Hispanic 27.6 (1.8) 32.8 (2.8) 24.8 (2.8) 140 (4.3
Asian 13.4 (2.0) 27.6 (6.0) 13.0 (3.0 6.4 (2.3
Percent performing at basic level
White 37.9 (0.9) 48.1 (2.2) 41.3 (1.3) 25.8 (1.3)
Black 49.4 (2.1) 51.3 (3.3) 50.9 (3.1) 34.7 (5.6)
Hispanic 46.8 (2.0) 49.3 (2.9) 46.6 (3.2) 36.5 (5.9)
Asian 30.7 (2.7) 38.3 (6.5) 39.5 (4.3) 159 (3.4)
Percent performing at intermediate level
White 24.3 (0.8) 19.4 (1.8) 248 (1.1) 26.3 (1.3)
Black 16.5 (1.6) 13.0 (2.2) 18.0 (2.4) 242 (5.1)
Hispanic 16.9 (1.5) 13.5 (2.0) 18.9 (2.5) 242 (5.3)
Asian 21.2 (2.4) 15.7 (4.9) 21.4 (3.6) 23.8 (4.0)
Percent performing at advanced level
White 22.4 (0.7) 6.8 (1.1) 17.9 (1.0) 39.8 (1.5)
Black 5.3 (0.9) 2.3 (1.0) 46 (1.3) 21.0 (4.8)
Hispanic 8.7 (1.2) 4.3 1.2) 9.7 (1.9) 25.4 (5.3)
Asian 34.7 (2.8) 18.5 (5.2) 26.0 (3.9) 53.9 (4.7)

NOTES: Persons of Hispanic origin may be of any race. Standard errors appear in parentheses.
SOURCE: Rock, D.A., Pollack, J.M., & Hafner, A. (1991). The tested achievement of the national education longitudinal
study of the 1988 eighth grade class (NCES 91-460). Washington, DC: U.S. Department of Education.
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Appendix table 2-4

Average percent of questions answered correctly on the NAEP mathematics
exam, by type of question, race or ethnic origin, and age: 1992

Type of question and race or ethnic origin Age 9 Age 13 Age 17
Extended constructed response
White 20 (0.8) 10 (0.6) 10 (0.5)
Black 5 (0.7) 2 (0.3) 4 (0.7)
Hispanic 7 (1.0) 3 (0.5) 4 (0.6)
Short constructed response
White 47 (0.6) 59 (0.6) 44 (0.6)
Black 24 (0.8) 36 (0.9) 26 (0.9)
Hispanic 31 (0.7) 42 (0.7) 32 (0.9
Multiple choice
White 53 (0.5) 60 (0.5) 59 (0.4)
Black 38 (0.6) 42 (0.6) 46 (0.9)
Hispanic 42 (0.7) 46 (0.7) 49 (1.0)

NOTES: Standard errors appear in parentheses. Persons of Hispanic origin may be of any race.

SOURCE: Dossey, J.A., Mullis, 1.V.S., & Jones, C.0O. (1993). Can students do mathematical problem solving? Results from

constructed-response questions in NAEP's 1992 mathematics assessment.
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Appendix table 2-5

NAEP science proficiency, by percent of students at or above selected

anchor points, sex, and age: 1977 to 1992

Anchor Difference

Sex and age point 1977 1982 1986 1990 1992 1977 to 1992
Age 17

Male 300 48.8 (1.1) 45.2 (1.2) 48.8 (2.1) 48.2(1.6) 509 (2.0 21 (23)

Female 348 (1.0) 299 (1.2) 34.1 (1.5 38.7 (1.7) 420 (1.7 7.2 (2.0

Male 250 85.2 (0.7) 81.2(1.2) 824 (14) 825 (1.2) 850 (1.4) -0.2 (1.6)

Female 78.0 (1.0) 722 (13) 79.1 (1.7) 799 (14) 816 (1.4 3.6 (1.7)
Age 13

Male 250 52.3 (1.3) 56.2 (1.8) 57.3 (2.1) 59.8 (1.3) 629 (1.4 10.6 (1.9)

Female 45.4 (1.2) 46.0 (1.6) 47.7 (1.7) 533 (1.4 59.6 (1.4 14.2 (1.8)
Age 9

Male 200 69.5 (1.2) 69.7 (2.0) 741 (14) 763 (1.2) 804 (1.4 109 (1.8)

Female 66.5 (1.1) 71.8 (22) 70.0 (1.3) 76.4 (1.1) 757 (1.2 9.2 (1.6)

NOTE: Standard errors appear in parentheses.
SOURCE: Mullis, 1.V.S., et al. (1994). NAEP 1992 trends in academic progress (Report No. 23-TR01). Washington,
DC: National Center for Education Statistics.
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Appendix table 2-6

NAEP mathematics proficiency, by percent of students at or above

selected anchor points, sex, and age: 1978 to 1992

Anchor Difference
Sex and age point 1978 1982 1986 1990 1992 1978-1992
Age 17
Male 300 55.1 (1.2) 51.9 (1.5) 546 (1.8) 57.6 (1.4  60.5 (1.8) 5.4 (2.2)
Female 48.2 (1.3) 453 (1.4) 489 (1.7) 547 (1.8) 57.7 (1.6) 9.5 (2.1)
Male 250 93.0 (0.5) 93.9 (0.6) 96.1 (0.6) 95.8 (0.8) 96.9 (0.6) 3.9 (0.8)
Female 91.0 (0.6) 92.1 (0.6) 95.1 (0.7) 96.2 (0.8) 96.3 (0.8) 5.3 (1.0)
Age 13
Male 250 63.9 (1.3) 713 (1.4) 738 (1.8) 751 (1.8) 78.1 (1.6) 14.2 (2.1)
Female 65.9 (1.2) 714 (1.3) 727 (1.9) 744 (1.3) 77.7 (1.1) 11.8 (1.6)
Age 9
Male 200 68.9 (1.0 68.8 (1.3) 74.0 (1.4) 80.6 (1.0) 81.9 (1.0 13.0 (1.4)
Female 72.0 (1.1) 74.0 (1.3) 74.3 (1.3) 82.3 (1.3) 80.9 (1.1) 8.9 (1.6)

NOTE: Standard errors appear in parentheses.
SOURCE: Mullis, 1.V.S., et al. (1994). NAEP 1992 trends in academic progress (Report No. 23-TR01). Washington, DC:
National Center for Education Statistics.
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Appendix table 2-7

IAEP science scores for selected countries at
5th percentile, mean, and 95th percentile, by age: 1991

Age and country 5th  Percentile Mean (average) 95th  Percentile

Age 13
Ireland 36.1 (0.8) 63.3 (0.6) 88.9 (0.0)
United States 40.3 (4.9) 67.0 (1.0) 91.7 (0.0)
Spain 435 (0.7) 67.5 (0.6) 88.9 (0.0)
Scotland 38.9 (1.2) 67.9 (0.6) 91.7 (0.0)
France 40.3 (1.4) 68.6 (0.6) 91.7 (0.0)
Canada 43.1 (0.0) 68.8 (0.4) 90.3 (1.0)
Israel 42.4 (2.8) 69.7 (0.7) 91.7 (0.0)
Italy 44.4 (0.0) 69.9 (0.7) 91.7 (0.0)
Slovenia 44.4 (0.0) 70.3 (0.5) 91.7 (0.0)
Soviet Union 44.4 (2.2) 71.3 (1.0) 93.1 (3.1)
Hungary 458 (1.6) 73.4 (0.5) 94.4 (0.0)
Switzerland 50.0 (0.7) 73.7 (0.9) 94.4 (0.0)
Taiwan 43.1 (1.4) 75.6 (0.4) 95.8 (0.0)
Korea 50.0 (4.8) 775 (0.5) 95.8 (0.0)

Age 9
Ireland 29.3 (1.6) 56.5 (0.7) 81.0 (1.8)
Slovenia 35.1 (0.2) 57.7 (0.5) 79.0 (0.0)
Israel 36.2 (1.4) 61.2 (0.7) 86.2 (0.0)
Soviet Union 39.7 (1.5) 61.5 (1.2) 86.2 (2.4)
Spain 36.2 (0.0) 61.7 (0.7) 84.5 (0.0)
Hungary 38.5 (0.7) 62.5 (0.5) 84.2 (2.9)
Canada 37.9 (1.1) 62.8 (0.4) 84.5 (0.0)
United States 36.2 (1.7) 64.7 (0.9) 87.9 (0.0)
Taiwan 39.7 (0.0) 66.7 (0.5) 89.7 (0.0)
Korea 44.8 (0.4) 67.9 (0.5) 87.9 (0.0)

NOTE: Standard errors appear in parentheses.

SOURCE: Bybee, R.W., et al. (1994). Science: Measuring U.S. students' success. Princeton, NJ: Educational

Testing Service.
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Appendix table 2-8

IAEP mathematics scores for selected countries at
5th percentile, mean, and 95th percentile, by age: 1991

Age and country 5th  Percentile Mean (average) 95th  Percentile

Age 13
United States 24.0 (0.6) 55.3 (1.0) 90.7 (0.1)
Spain 28.6 (0.5) 55.4 (0.8) 84.7 (1.3)
Slovenia 27.1 (4.4) 57.1 (0.8) 88.0 (2.6)
Ireland 26.8 (1.7) 60.5 (0.9) 90.7 (0.0)
Scotland 29.0 (3.9) 60.6 (0.9) 90.7 (0.0)
Canada 32.0 (0.0) 62.0 (0.6) 91.8 (4.3)
Israel 30.7 (0.9) 63.1 (0.8) 90.7 (0.0)
Italy 32.4 (15) 64.0 (0.9) 91.8 (0.5)
France 30.7 (0.8) 64.2 (0.8) 92.0 (5.3)
Hungary 32.4 (2.3) 68.4 (0.8) 96.0 (0.0)
Soviet Union 35.2 (1.4) 70.2 (1.0) 94.7 (0.0)
Switzerland 42.7 (0.8) 70.8 (1.3) 94.7 (0.0)
Taiwan 26.7 (0.6) 72.7 (0.7) 98.7 (0.0)
Korea 33.3 (2.8) 73.4 (0.6) 97.3 (1.9)

Age 9
Slovenia 27.7 (1.8) 55.8 (0.6) 84.5 (0.0)
United States 24.6 (0.0) 58.4 (1.0) 90.2 (2.3)
Canada 28.3 (2.5) 59.5 (0.5) 88.5 (0.0)
Ireland 24.6 (0.4) 60.0 (0.8) 90.2 (0.0)
Spain 26.8 (1.8) 61.9 (1.0) 90.2 (2.4)
Israel 30.4 (2.8) 64.4 (0.7) 91.8 (0.0)
Soviet Union 30.8 (1.0) 65.9 (1.3) 93.4 (2.3)
Taiwan 32.1 (4.6) 68.1 (0.8) 95.1 (0.0)
Hungary 33.3 (1.5) 68.2 (0.6) 93.4 (0.0)
Korea 41.0 (2.8) 74.8 (0.6) 95.1 (0.0)

NOTE: Standard errors appear in parentheses.

SOURCE: Dossey, J.A., et al. (1994). Mathematics: How do U.S. students measure up? Princeton, NJ:

Educational Testing Service.
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Appendix table 3-1

Percent of states imposing graduation requirements in mathematics: 1974 to 1992

Years

required 1974 1980 1983 1985 1987 1989 1990 1992
Total 100 100 100 100 100 100 100 100
None 29 27 24 12 12 10 12 14
0.5-0.9 0 0 0 0 0 0 0

1.0-1.9 55 55 18 4 4 2 2

2.0-2.9 14 16 51 67 65 65 65 61
3.0-3.9 2 2 8 18 20 22 22 25
4.0 0 0 0 0 0 0 0 0

NOTES: All 50 states and the District of Columbia are included in this table. Totals may not equal 100 percent as a result of rounding. Some
states required an additional year of coursework in either science or mathematics. This table counts such a requirement as one-half year in each
subject.

SOURCES: Stecher, B. (1991). Describing secondary curriculum in mathematics and science: Current conditions and future indicators (N-3406-
NSF). A RAND note presented to the National Science Foundation, Arlington, VA; Blank, R. K. & Gruebel, D. (1993). State indicators of science
ann mathematijre ediicatinn 1992, \Washinntnn DC: Conuneil of Chief State Schan| Officers,
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Appendix table 3-2

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

Grade range Year Reading Mathematics Science
Grades 1-3 1977+ 95 (1.6) 41 (0.6) 17 (0.2)
1986 84 (1.6) 46 (0.6) 20 (0.4)
1993 85 (2.1) 50 (0.7) 24 (0.7)
Grades 4-6 1977 66 (1.3) 51 (0.4) 28 (0.6)
1986 63 (1.3) 52 (0.6) 29 (1.0
1993 61 (1.8) 53 (1.1) 36 (2.1)

* The survey used estimates for teachers of grades K-3.

NOTES: Self-contained refers to teachers who are responsible for teaching most or all of their academic subjects in one
class. Standard errors appear in parentheses.

SOURCES: Weiss, I.R. (1987). Report of the 1985-86 national survey of science and mathematics education.

Research Triangle Park, NC: Research Triangle Institute; Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the
1993 national survey of science and mathematics education. Chapel Hill, NC: Horizon Research, Inc.
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Appendix table 3-3

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

Subject 1982 1987 1990 1992

English 3.8 (0.03) 4.0 (0.02) 4.1 (0.04) 4.2 (0.02)
History or social studies 3.1 (0.02) 3.3 (0.04) 3.5 (0.03) 3.5 (0.02)
Mathematics 2.6 (0.02) 3.0 (0.03) 3.1 (0.03) 3.3 (0.02)
Science 2.2 (0.02) 2.6 (0.05) 2.9 (0.03) 3.0 (0.03)
Foreign language 1.1 (0.03) 1.5 (0.05) 1.6 (0.04) 1.8 (0.04)
Computer science 0.1 (0.01) 0.0 (0.02) 0.0 (0.02) 0.6 (0.01)

NOTES: Standard errors appear in parentheses. Credits are measured in Carnegie Units.

SOURCES: Legum, S., et al. (1993). The 1990 high school transcript study tabulations: Comparative data on credits
earned and demographics for 1990, 1987, and 1982 high school graduate (NCES 93-423). Washington, DC: National
Center for Education Statistics; National Center for Education Statistics. (1992). National education longitudinal study
of 1988: Second teacher follow-up study. Unpublished tabulations.
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Appendix table 3-4

Percent of high school graduates earning minimum credits in science
courses, by sex, and race or ethnic origin: 1982 to 1992

Course Year Total Male Female White Black Hispanic
Any science 1982 97.6 97.5 97.7 97.7 98.6 95.9
1987 98.7 98.4 (0.4) 99.0 (0.3) 98.7 (0.4) 98.7 (0.4) 98.5 (0.6)
1990 99.4 99.2 (0.3) 99.7 (0.1) 99.5 (0.2) 99.0 (0.7) 99.3 (0.3)
1992 99.6 99.5 99.7 99.5 100.0 99.7
Biology 1982 78.7 76.5 80.6 80.1 75.3 73.2
1987 88.3 (0.9) 87.0 (1.2) 89.7 (0.7) 89.2 (1.0) 86.2 (1.7) 85.4 (1.7)
1990 91.6 (0.9) 90.4 (1.0) 92.7 (0.9) 92.0 (1.0) 91.0 (2.3) 90.3 (1.4)
1992 93.0 91.9 94.2 935 92.2 91.2
Chemistry 1982 31.6 324 30.9 34.7 225 16.7
1987 44.8 (1.1) 45.9 (1.3) 43.7 (1.2) 47.7 (1.2) 29.8 (1.7) 29.4 (1.5)
1990 49.6 (1.3) 48.8 (1.4) 50.4 (1.4) 52.3 (1.4) 40.3 (2.2) 38.8 (2.8)
1992 55.5 54.2 56.8 58.0 45.9 42.6
Physics 1982 13.5 17.9 9.4 15.3 6.8 5.5
1987 19.5 (0.9) 24.6 (1.0) 14.8 (0.9) 20.9 (1.0) 10.1 (1.1) 9.8 (1.1)
1990 21.5 (0.8) 25.5 (0.9) 17.8 (0.9) 23.1 (0.9) 14.5 (1.9) 13.0 (1.3)
1992 24.7 28.2 214 25.9 17.6 15.7

NOTES: Standard errors appear in parentheses. Standard errors are not available for 1982 and 1992. Because of the use of a
different editing procedure, the statistics shown for 1982 differ slightly from previously published figures. Credits are measured in
Carnegie Units.

SOURCES: Legum, S., et al. (1993). The 1990 high school transcript study tabulations: Comparative data on credits earned and
demographics for 1990, 1987, and 1982 high school graduates (NCES 93-423). Washington, DC: National Center for Education
Statistics; Smith, T.M., et al. (1994). The condition of education, 1994 (NCES 94-149). Washington, DC: National Center for
Education Statistics.
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Appendix table 3-5

INDICATORS OF SCIENCE AND MATHEMATICS EDUCATION

Percent of high school graduates earning minimum credits in
mathematics courses, by sex, and race or ethnic origin: 1982 to 1992

Course Year Total Male Female White Black Hispanic
Any mathematics 1982 99.0 99.4 98.7 99.1 99.6 98.6
1987 99.4 99.3 (0.2) 99.4 (0.1) 99.3 (0.2) 99.5 (0.2) 99.4 (0.2)
1990 99.6 99.4 (0.2) 99.7 (0.1) 99.7 (0.1) 98.7 (0.7) 99.8 (0.2)
1992 99.6 99.3 99.9 99.7 99.1 99.8
Algebra | 1982 68.4 66.4 70.4 71.1 61.1 59.9
1987 76.3 (0.8) 75.3 (0.9) 77.2 (0.9) 77.7 (1.1) 70.7 (1.2) 73.1 (1.6)
1990 77.3 (1.2) 75.6 (1.2) 78.8 (1.4) 77.2 (1.4) 77.6 (2.1) 81.4 (2.1)
1992 79.4 80.0 78.9 79.6 78.0 84.4
Geometry 1982 48.4 48.3 48.5 53.9 30.3 29.0
1987 61.5 (0.9) 61.2 (1.2) 61.7 (1.0) 65.1 (1.2) 44.0 (1.9) 40.2 (1.7)
1990 64.7 (1.3) 63.9 (1.5) 65.4 (1.3) 67.2 (1.4) 56.3 (2.7) 54.4 (2.8)
1992 70.4 69.0 71.7 72.6 60.4 62.9
Algebra Il 1982 36.9 37.5 36.3 40.5 26.2 225
1987 47.1 (1.8) 45.8 (1.9) 48.4 (1.9) 51.9 (1.9) 32.4 (1.5) 30.2 (2.0)
1990 49.2 (1.4) 47.8 (1.5) 50.5 (1.5) 52.4 (1.7) 39.0 (2.9) 38.6 (2.7)
1992 56.1 54.0 58.1 59.2 40.9 46.9
Trigonometry 1982 12.2 13.3 11.2 13.8 6.3 6.8
1987 19.0 (1.5) 20.3 (1.8) 17.8 (1.4) 20.9 (1.8) 10.9 (1.1) 9.9 (0.9)
1990 18.4 (1.3) 18.4 (1.4) 18.3 (1.3) 19.6 (1.4) 14.1 (1.9) 11.0 (1.5)
1992 21.1 21.4 20.8 22.5 13.0 15.2
Calculus 1982 4.3 4.7 4.0 5.0 1.4 1.6
1987 6.2 (0.4) 7.7 (0.6) 4.7 (0.4) 5.9 (0.4) 2.3(0.4) 3.6 (0.7)
1990 6.6 (0.5) 7.7 (0.6) 5.6 (0.4) 7.0 (0.5) 2.8 (0.5) 3.9 (0.7)
1992 10.1 10.3 9.8 10.7 6.9 4.7

NOTES: Standard errors appear in parentheses. Standard errors are not available for 1982 and 1992. Because of the use of a different
editing procedure, the statistics shown for 1982 differ slightly from previously published figures. Credits are measured in Carnegie Units.

SOURCES: Legum, S., et al. (1993). The 1990 high school transcript study tabulations: Comparative data on credits earned and
demographics for 1990, 1987, and 1982 high school graduates (NCES 93-423). Washington, DC: National Center for Education

Statistics; Smith, T. M., et al. (1994). The condition of education, 1994 (NCES 94-149). Washington, DC: National Center for Education

Statistics.
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Appendix table 3-6

Percent of high school classes perceived as low and high ability,
by percent minority in class: 1993

Low ability High ability
Percent minority Science Mathematics Science Mathematics
Less than 10% 9 (3.1) 6 (1.6) 31 (4.6) 28 (4.1)
10% to 39% 10 (1.9) 11 (2.4) 28 (3.4) 24 (2.9)
40% or more 15 (1.4) 24 (4.2) 14 (2.3) 11 (2.5)

NOTE: Standard errors appear in parentheses.
SOURCE: Weiss, I.R. (1994). 1993 National survey of science and mathematics education. Unpublished tabulations.
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Appendix table 3-7

Percent of grades 10-12 science and mathematics classes
where teachers report ability grouping: 1986 and 1993

Science Mathematics
Ability grouping 1986 1993 1986 1993
Total 100 100 100 100
Homogeneous, low ability 10 (1.3) 7 (1.3) 19 (2.2) 10 (1.5)
Homogeneous, average ability 33 (1.9) 28 (2.8) 29 (2.5) 31 (1.9)
Homogeneous, high ability 35 (1.9) 29 (2.0) 34 (2.6) 25 (3.2)
Heterogeneous 22 (1.7) 36 (2.2) 18 (2.1) 34 (2.6)

NOTES: Standard errors appear in parentheses. Totals may not equal 100 percent as a result of rounding.
SOURCES: Weiss, I.R. (1987). Report of the 1985-86 national survey of science and mathematics education.
Research Triangle Park, NC: Research Triangle Institute; Weiss, I.R. (1994). 1993 National survey of science and
mathematics education. Unpublished tabulations.
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Appendix table 3-8
Number of full-time and part-time teachers in science and mathematics in the
United States, by sex, race or ethnic origin, and teaching assignment:
1988 and 1991
Year and grade range Total Male Female White Black Hispanic Other
1988
Total 2,592,673 742,710 1,839,119 2,244,888 189,849 75,142 49,589
Elementary grades K-6 1,256,132 145,529 1,105,024 1,076,667 99,102 41,188 24,472
Secondary grades 7-12
All secondary teachers 1,336,541 597,185 734,095 1,168,222 90,747 33,954 25,118
Science and mathematics specialists 476,600 230,016 245,021 415,865 33,485 10,280 10,265
Primary or secondary assignment:
Biology 52,231 30,086 21,984 47,150 2,149 866 1,189
Chemistry 19,683 12,708 6,930 17,728 753 297 598
Earth science 21,143 12,671 8,413 18,210 1,892 442 338
Physics 8,908 6,817 2,091 8,343 161 95 220
General science 52,772 28,718 23,963 46,812 3,682 1,050 647
Mathematics 180,954 89,289 90,800 158,199 12,449 4,240 3,877
Other fields 140,908 49,726 90,840 119,423 12,399 3,291 3,396
Other teachers 859,941 362,558 481,444 742,467 55,744 23,241 14,637
1991
Total 2,882,547 797,836 2,084,712 2,516,238 216,132 97,491 52,686
Elementary grades K-6 1,418,958 163,643 1,255,315 1,218,898 116,602 53,076 30,383
Secondary grades 7-12
All secondary teachers 1,463,589 634,193 829,396 1,297,340 99,530 44,416 22,304
Science and mathematics specialists 461,120 225,986 235,134 411,135 29,989 12,101 7,896
Primary or secondary assignment:
Biology 67,151 36,919 30,231 60,186 3,639 2,303 1,022
Chemistry 23,618 14,643 8,975 21,900 1,004 521 192
Earth science 19,074 10,935 8,139 17,221 1,090 601 162
Physics 10,022 8,105 1,917 9,635 102 53 233
General science 56,572 29,663 26,908 50,276 4,021 1,354 920
Mathematics 200,959 98,168 102,791 176,183 15,155 5,584 4,037
Other fields 83,724 27,552 56,172 75,734 4,977 1,683 1,330
Other teachers 1,002,469 408,207 594,262 886,205 69,541 32,315 14,408

SOURCE: National Center for Education Statistics. (1994). 1990-91 Schools and staffing survey (SASS).
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Appendix table 3-9

Percent of public school grades 9-12 science and mathematics teachers
who are female or minority, by state: 1991

Percent female

Percent minority

Percent female

Percent minority

State science teachers science teachers mathematics teachers mathematics teachel
Total 35  (15) 10 (0.9 45  (15) 13 (1.7)
Alabama 71 (4.8) 16  (47) 71 (5.9) 14 (47)
Alaska 15 (7.6) 8 (45 27 (6.9) 4 (1.8)
Arizona 37 (7.6) 7 (3.5) 47 (7.3) 14 (41)
Arkansas 51 (8.6) 19 (6.7) 56 (9.0) 8 (3.0
California 25 (7.3) 28 (6.1) 32 (6.8) 36 (8.2
Colorado 33 (5.3) 5 2.7) 27 (5.5) 2 (13
Connecticut 40 (8.9) 9 (2.8) 59 8.2) *
Delaware - - - -

District of Columbia - - - -

Florida 42 (8.4) 24 (7.3) 64 (7.4) 9 (398
Georgia 58 9.1) 18 (5.5) 68 (7.2) 17 (5.2)
Hawaii - - - -

Idaho 24 (5.5) * 35 4.3) 5 (1.9
lllinois 41 (7.8) 4 0.7) 36 (6.6) 13 (34)
Indiana 13 (4.0) 4 (2.3) 45 (6.3) 6 (2.1)
lowa 25 (8.6) * 36 (7.0) *
Kansas 29 (8.0) * 44 6.7) (0.0)
Kentucky 51 (7.3) * 65 (4.8) 3 (19
Louisiana 41 (6.7) 24 (7.2) 51 (6.2) 27 (7.4)
Maine 22 (5.6) 0 (0.0) 31 (3.8) *
Maryland 53 (11.2) 10 (5.8) 51 (8.3) 14 (5.5)
Massachusetts 27 (6.0) 1 (2.0 40 (6.3) 5 (2.5)
Michigan 27 (5.6) * 17 (5.5) *
Minnesota 17 (4.8) 0 (0.0 31 (5.4) *
Mississippi 48 (6.1) 34 6.7) 61 (5.9) 32 (5.9
Missouri 30 (7.0) * a7 (6.8) *
Montana 19 (4.0) * 21 (6.1) *
Nebraska 18 (5.1) * 33 8.7) (0.0
Nevada - - 60 (11.8) 15 (9.5)
New Hampshire - - - -

New Jersey 32 (7.0) 5 (3.6) 47 (8.0) 5 (33)
New Mexico 40 (6.4) 33  (10.7) 48 9.9 28 (6.8)
New York 31 (7.4) 3 (19 49  (7.) 8 (34
North Carolina 57  (6.3) 14 (5.4) 59 (7.) 17 (5.0
North Dakota 21 (4.4) 0 (0.0) 37 (4.9) *

Ohio 32 (7.9) 0 (0.0) 31 (7.2) (0.0)
Oklahoma 25 (5.1) 6 (2.6) 50  (6.5) 13 (4.8)
Oregon 25 (6.0) * 29 (5.6) 4 (1.9
Pennsylvania 29 (5.6) * 48 (7.9) *

Rhode Island - - - -

South Carolina 47  (45) 29  (6.9) 70 (6.2 11 (3.6)
South Dakota 25 (5.2) * 43 4.4 (0.0)
Tennessee 48 (6.9) 14 (3.8) 62 (7.5) 9 (29
Texas 43 4.7) 17 (4.2) 54 (5.6) 17 4.2
Utah 27 (6.7) * 32 (5.0 6 (24
Vermont - - - -
Virginia 46 (9.3) * 63  (6.6) 18  (5.9)
Washington 25 (5.1) 4 (3.1) 24 (6.8) 6 (1.8)
West Virginia 55 (8.2) * 56 (6.5) *
Wisconsin 16 (4.5) * 30 (8.3) *
Wyoming 19  (6.1) * 28 (7.4) *

* Less than 0.5 percent.

-- Too few sample cases for a reliable estimate.
NOTE: Standard errors appear in parentheses.

SOURCE: Blank, R.K., Matti, M.C., Weiss, |.R., Broughman, S., & Rollefson, M. (1994). SASS by state, 1990-91 schools
and staffing survey: Selected state results (NCES 94-343). Washington, DC: National Center for Education Statistics.
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Appendix table 3-10

Distribution of science and mathematics teachers, by race

or ethnic origin and grade range: 1986 and 1993

Grade range

Year Race or ethnic origin 7-9 10-12

1986 Total 100 100 100
White 93 (1.1) 94 (0.8)
Black 6 (1.0) 4 (0.6)
Hispanic 1 (0.4) 1 (0.3)
Other 1 (0.4) 1 (0.3)

1993 Total 100 100 100
White 91 (1.2) 93 (0.7)
Black 6 (0.6) 3 (0.5)
Hispanic 2 (0.4) 1 (0.3)
Other 2 (0.7) 2 (0.5)

NOTES: Standard errors appear in parentheses. Totals may not equal 100 percent as a result of rounding.
SOURCES: Weiss, I.R. (1987). Report of the 1985-86 national survey of science and mathematics education. Research
Triangle Park, NC: Research Triangle Institute; Weiss, |.R. (1994). 1993 National survey of science and mathematics

education. Unpublished tabulations.
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Appendix table 3-11

Percent of science and mathematics teachers with master’s degrees,
by years of teaching experience and by grade range: 1993

Grade range

Years of teaching experience 1-4 5-8 9-12

Oto2 8 (1.9) 11 (2.7) 21 (4.4)
3t05 19 (3.5) 17 (4.2) 31 (3.7)
6 to 10 39 (4.4) 34 (5.8) 45 (4.7)
11 to 20 40 (3.9) 50 (4.3) 62 (2.4)
21 or more 47 (4.3) 58 (3.9) 72 (2.4)

NOTE: Standard errors appear in parentheses.
SOURCE: Weiss, |.R. (1994). 1993 National survey of science and mathematics education. Unpublished tabulations.
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Appendix table 3-12

Percent of science and mathematics classes about which teachers
report having strong control over various curriculum and instructional
decisions, by grade range: 1993

Grade range

Field and decision 1-4 5-8 9-12

Science
Selecting teaching techniques 66 (2.1) 72 (3.0) 79 (3.0)
Determining amount of homework to be assigned 72 (2.1) 75 (3.1) 81 (2.5)
Setting pace for covering topics 56 (2.5) 63 (2.8) 71 (2.6)
Choosing criteria for grading students 60 (3.4) 66 (3.1) 69 (2.5)
Selecting sequence in which topics are covered 56 (2.0) 62 (3.0) 68 (2.7)
Selecting other instructional materials 30 (2.0) 42 (2.8) 55 (3.8)
Determining goals and objectives 32 (1.9) 40 (3.0) 53 (3.7)
Selecting content, topics, and skills to be taught 27 (2.5) 36 (2.6) 50 (3.3)
Selecting textbooks 11 (1.5) 25 (2.3) 45 (4.2)

Mathematics

Selecting teaching techniques 69 (2.7) 71 (2.7) 76 (1.4)
Determining amount of homework to be assigned 68 (3.1) 72 (2.9) 79 (1.8)
Setting pace for covering topics 60 (3.3) 55 (3.1) 56 (2.4)
Choosing criteria for grading students 53 (2.7) 63 (2.7) 66 (2.3)
Selecting sequence in which topics are covered 52 (2.1) 52 (2.9) 54 (2.4)
Selecting other instructional materials 36 (2.3) 40 (2.1) 52 (2.2)
Determining goals and objectives 29 (3.1) 33(1.8) 41 (2.4)
Selecting content, topics, and skills to be taught 22 (2.0) 27 (2.2) 39 (2.4)
Selecting textbooks 12 (1.4) 20 (2.0) 35 (2.6)

NOTES: Teachers were given a five-point scale for each decision, with 1 labeled as “no control” and 5 labeled “strong control.”
Standard errors appear in parentheses.

SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics
education. Chapel Hill, NC: Horizon Research, Inc.
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Appendix table 3-13

Percent of 12th-grade science and mathematics students whose teachers
report having “complete control” over particular decisions, by subject: 1992

All science
Decision Science Mathematics and mathematics
Determining amount of homework 70 71 71
Selecting teaching techniques 68 69 69
Selecting content, topics, and skills to be taught 45 24 32
Disciplining students 37 41 40
Selecting textbooks and other instructional materials 37 19 27

SOURCE: National Center for Education Statistics. (1992). National education longitudinal study of 1988: Second teacher follow-up
study. Unpublished tabulations.
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Appendix table 3-14

Percent of 12th-grade science and mathematics students whose teachers
report having “complete control” over particular decisions, by region: 1992

Area Midwest Northeast South West
Determining amount of homework 69 72 71 74
Selecting teaching techniques 69 76 64 71
Selecting content, topics, and skills to be taught 39 34 24 37
Disciplining students 38 48 36 41
Selecting textbooks and other instructional materials 32 36 18 27

SOURCE: National Center for Education Statistics. (1992). National education longitudinal study of 1988: Second teacher follow-up
study. Unpublished tabulations.
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Appendix table 3-15

Percent of 12th-grade science and mathematics students whose teachers report
having “complete control” over particular decisions, by overall proficiency level: 1992

Proficiency level

Below
Subject and area Level 1 Level 1 Level 2 Level 3 Level 4 Level 5
Science
Determining amount of homework 73 71 72 70 - -
Selecting teaching techniques 68 66 68 71 - -
Selecting content, topics, and skills to be taught 26 29 33 36 - -
Disciplining students 41 38 40 41 - -
Selecting textbooks and other instructional materials 20 21 28 32 - -
Mathematics
Determining amount of homework 70 74 72 73 70 69
Selecting teaching techniques 64 66 67 69 69 73
Selecting content, topics, and skills to be taught 25 27 29 33 35 36
Disciplining students 35 38 38 42 40 44
Selecting textbooks and other instructional materials 15 20 21 28 30 35

-- Not applicable.

NOTES: Science levels of proficiency as defined by the NELS:88 Second follow-up student component data file user's manual are as follows:
Science Level 1: Understanding of everyday science concepts, “common knowledge” that can be acquired in everyday life.

Science Level 2: Understanding of fundamental science concepts upon which more complex science knowledge can be built.

Science Level 3: Understanding of relatively complex scientific concepts, typically requiring an additional problem-solving step.

Mathematics levels of proficiency as defined by their NELS:88 Second follow-up student component data file user's manual are as follows:
Math Level 1: Simple arithmetical operations on whole numbers, essentially single-step operations that rely on rote memory.

Math Level 2: Simple operations with decimals, fractions, powers, and roots.

Math Level 3: Simple problem solving, requiring the understanding of low-level mathematical concepts.

Math Level 4: Understanding of intermediate-level mathematical concepts or having the ability to formulate multistep solutions to work problems.
Math Level 5: Proficiency in solving complex multistep word problems or the ability to demonstrate knowledge of mathematics material found in
advanced mathematics courses.

SOURCE: National Center for Education Statistics. (1992). National education longitudinal study of 1988: Second teacher follow-up study.
Unpublished tabulations.
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Appendix table 3-16

Percent of mathematics teachers who are familiar with the National Council of

Teachers of Mathematics’ standards, by level of familiarity and grade range: 1993

1995

Grade range

Standard and level of familiarity 1-4 5-8 9-12
Curriculum and evaluation standards
Total 100 100 100
Well aware of them 18 (1.6) 28 (2.2) 56 (2.6)
Heard about them, but
don’t know much about them 39 (1.8) 41 (3.0) 33 (2.7)
Not aware of them 30 (2.9 22 (2.6) 1.4)
Not sure 13 (1.2) 9 (21) (0.3)
Professional standards for teaching
Total 100 100 100
Well aware of them 12 (1.3) 19 (1.7) 40 (2.0)
Heard about them, but
don’t know much about them 38 (2.0 48 (3.0) 44 (2.7)
Not aware of them 38 (2.8) 25 (2.8) 13 (1.8)
Not sure 12 (1.3) 8 (1.4) 3 (04)

NOTES: Standard errors appear in parentheses. Totals may not equal 100 percent as a result of rounding.

SOURCE: Weiss, |.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics education. Chapel Hill, NC:

Horizon Research, Inc.
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Appendix table 3-17

Percent of science and mathematics teachers agreeing with each of a number
of statements related to curriculum and instruction, by grade range: 1993

Grade range

Field and statement 1-4 5-8 9-12
Science
Students learn best when they study science in the context of 94 (1.4) 94 (2.2) 86 (4.5)

a personal or social application
Virtually all students can learn to think scientifically 80 (2.4) 84 (3.3) 76 (2.6)
Laboratory-based science classes are more effective than

nonlaboratory classes 78 (2.1) 87 (1.5) 90 (1.2)
It is important for students to learn basic scientific terms and

formulas before learning underlying concepts and

principles 31(2.2) 44 (3.7) 55 (2.6)
Students learn best in classes with students of similar abilities 23 (2.3) 33(3.3) 68 (2.0)

Mathematics

Students learn best when they study mathematics in the

context of a personal or social application 94 (1.3) 91 (1.7) 84 (1.7)
Virtually all students can learn to think mathematically 76 (2.0) 76 (2.6) 72 (2.3)
Students must master arithmetic computation before going on

to algebra 70 (2.2) 77 (3.1) 81 (1.7)
Students learn mathematics best in classes with students of

similar abilities 41 (1.9) 62 (3.8) 76 (2.9)

Students should be able to use calculators most of the time 24 (1.9) 39 (3.1) 73 (1.7)

NOTES: Includes teachers who indicated “Strongly Agree” and “Agree” to each statement. Standard errors appear in parentheses.
SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics education. Chapel
Hill, NC: Horizon Research, Inc.
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Appendix table 3-18

Percent of mathematics teachers indicating that various strategies definitely
should be a part of mathematics instruction, by stategy and grade range: 1993

1995

Grade range

Strategy 1-4 5-8 9-12
Hands-on or manipulative activities 82 (2.2) 49 (3.2) 26 (2.2)
Concrete experience before abstract treatments 81 (2.0) 55 (2.7) 33 (2.5)
Applications of mathematics in daily life 81 (1.6) 75 (3.1) 50 (2.8)
Emphasis on solving real problems 80 (1.9) 78 (1.9) 57 (2.9)
Every student studying mathematics each year 76 (2.7) 69 (3.5) 38 (2.5)
Emphasis on mathematical reasoning 69 (2.0) 64 (2.6) 58 (3.0)
Emphasis on connections among concepts 68 (1.7) 62 (2.4) 52 (2.2)
Students working in cooperative learning groups 58 (1.8) 41 (2.8) 27 (2.2)
Use of computers 52 (2.9) 39 (3.3) 34 (2.3)
Emphasis on arithmetic computation 49 (2.4) 36 (2.4) 22 (1.8)
Coordination of mathematics with science 34 (2.1) 27 (3.4) 22 (2.6)
Taking student preconceptions about a topic into

account when planning curriculum or instruction 34 (2.9) 26 (2.8) 18 (2.5)
Use of calculators 33(3.2) 37 (3.7) 50 (2.5)
Inclusion of performance-based assessment 33 (1.9) 29 (2.9) 18 (1.6)
Deeper coverage of fewer mathematics ideas 33 (3.6) 31 (3.4) 16 (2.6)
Emphasis on writing about mathematics 32 (2.0) 23 (2.6) 20 (2.8)

Integration of mathematics subjects all taught

together each year 26 (1.7) 25 (3.2) 20 (2.8)
Coordination of mathematics with vocation or
technology education 25 (2.5) 23 (2.8) 19 (1.7)

NOTE: Standard errors appear in parentheses.
SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics education. Chapel
Hill, NC: Horizon Research, Inc.
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Appendix table 3-19

Percent of classes using lecture and hands-on activities in most

recent lesson, by subject and grade range: 1977 to 1993

Science Mathematics
Year Grades Lecture Hands-on Lecture Hands-on
1977* 1-3 60 (3.4) 67 (3.3) 58 (3.4) 58 (3.4)
4-6 69 (3.3) 54 (3.6) 68 (3.3) 38 (3.5)
7-9 72 (2.3) 59 (2.5) 83 (1.9) 23 (2.1)
10-12 76 (2.1) 53 (2.4) 89 (1.5) 24 (2.2)
1986
1-3 71 (2.3) 52 (2.5) 69 (2.3) 60 (2.5)
4-6 78 (2.8) 45 (3.3) 82 (2.4) 31 (2.9)
7-9 83 (2.2) 43 (3.0) 89 (1.9) 18 (2.3)
10-12 84 (2.0) 39 (2.7) 90 (1.2) 10 (1.2)
1993
1-3 75 (4.1) 62 (0.7) 79 (2.6) 79 (1.9)
4-6 82 (2.5) 50 (3.3) 90 (2.0) 51 (4.1)
7-9 80 (2.9) 50 (3.9) 93 (1.4) 26 (2.7)
10-12 88 (1.5) 43 (2.3) 94 (2.1) 26 (3.1)

* The 1977 survey includes kindergarten.
NOTE: Standard errors appear in parentheses.

SOURCES: Weiss, I.R. (1987). Report of the 1985-86 national survey of science and mathematics education. Research Triangle

Park, NC: Research Triangle Institiute; Weiss, I.R. (1994). 1993 National survey of science and mathematics education. Unpublished

tabulations.
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Appendix table 3-20

Percent of science teachers indicating that various strategies definitely
should be a part of science instruction, by strategy and grade range: 1993

Grade range

Strategy 1-4 5-8 9-12
Hands-on or laboratory activities 78 (2.3) 78 (2.8) 76 (2.1)
Applications of science in daily life 73 (2.5) 69 (4.3) 60 (3.6)
Concrete experience before abstract treatments 70 (2.6) 51 (4.4) 35 (3.1)
Every student studying science every year 63 (2.0) 61 (2.9) 37 (2.6)
Students working in cooperative learning groups 57 (2.5) 50 (3.0) 30 (2.0)
Emphasis on connections among concepts 52 (2.7) 54 (4.4) 53 (2.5)
Coordination of sciences with mathematics 47 (2.8) 43 (3.5) 47 (3.8)
Coordination of sciences with language arts 46 (2.7) 35 (3.7) 20 (3.0)
Coordination of sciences with social science 43 (2.9) 34 (3.6) 19 (3.8)
Taking student conceptions about a natural phenomenon

into account when planning curriculum or instruction 39 (2.2) 34 (4.0) 22 (1.4)
Coordination of sciences with vocational or technology

education 37 (2.5) 33 (4.2) 29 (1.7)
Use of computers 30 (3.6) 37 (4.3) 36 (2.3)
Coordination of science disciplines 30 (3.4) 37 (3.3) 35 (2.7)
Revisiting science topics, each time in greater depth 29 (2.6) 21 (2.4) 19 (1.6)
Deeper coverage of fewer science concepts 28 (2.8) 30 (3.1) 20 (1.6)
Applications of scientific methods in addressing

societal issues 28 (2.3) 33 (3.3) 35 (3.1)
Inclusion of performance-based assessment 22 (2.4) 26 (3.5) 18 (1.8)

NOTE: Standard errors appear in parentheses.

SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics education.

Chapel Hill, NC: Horizon Research, Inc.
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Appendix table 3-21

Percent of science teachers completing various numbers of science courses,
by area, number of science courses completed, grade range, and number of
science areas: 1993

Grade range

Area and number of courses 1-4 5-8 9-12

Number of science areas completed

Total 100 100 100
None 1 (05) 0 (0.2 0 (0.1)
1 9 (14) 7 (1.9 4 (1.0)
2 28 (2.2) 25 (3.2) 20 (2.2)
3 63 (2.9) 68 (2.9) 77 (2.3)

Area of study

Life science
Total 100 100 100
None 8 (1.2) 6 (1.6) 6 (1.1)
1 to 3 courses 68 (3.5) 47 (4.6) 17 (2.6)
4 to 7 courses 20 (3.2) 28 (3.2) 20 (3.0)
8 or more courses 4 (1.2) 18 (2.1) 57 (1.9)

Physical science

Total 100 100 100
None 25 (2.2) 19 (3.1) 1 (0.2
1 to 3 courses 58 (3.2) 44 (3.8) 13 (3.0)
4 to 7 courses 14 (1.9) 23 (2.8) 29 (2.3)
8 or more courses 4 (0.9) 14 (2.5) 57 (2.0)

Earth science

Total 100 100 100
None 15 (1.6) 14 (2.2 20 (2.3)
1 to 3 courses 66 (2.8) 53 (3.4) 43 (2.2)
4 to 7 courses 16 (2.0) 24 (2.1) 25 (1.6)
8 or more courses 2 (0.9 8 (1.8) 11 (1.2)

NOTES: Standard errors appear in parentheses. Totals may not equal 100 percent as a result of rounding.
SOURCE: Weiss, |.R. (1994). 1993 National survey of science and mathematics education. Unpublished tabulations.
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Appendix table 3-22

Grades 7-12 science teachers’ level of preparation in field taught: 1993

Number of courses taken in same field taught

Fewer than 6 courses

Field of class taught 6 or more courses Fewer than 6 courses
and grade range Total 6 or more courses in another field in another field
Life science, 7-12 100 82 (5.6) 3 (1.2 14 (5.7)

Earth science, 7-12 100 45 (5.3) 34 (8.2) 21 (8.2)
Physical science, 7-12 100 75 (4.2) 11 (2.5) 14 (3.9)

Biology, 9-12 100 94 (1.9) 3 (1.6) 3 (1)
Chemistry, 9-12 100 82 (3.4) 18 (3.6) 1 (04)

Physics, 9-12 100 74 (6.0) 22 (5.7) 4 (2.9

NOTES: Standard errors appear in parentheses. Totals may not equal 100 percent as a result of rounding.
SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics
education. Chapel Hill, NC: Horizon Research, Inc.
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Appendix table 3-23

Percent of mathematics teachers completing college
courses in mathematics and science, by grades taught: 1993

Grade range

College course completed 1-4 5-8 9-12

Mathematics for elementary school teachers 98 (1.2) 80 (2.2) 20 (2.8)
Mathematics for middle school teachers 14 (1.7) 41 (3.6) 30 (1.9
Geometry for elementary or middle school teachers 30 (2.2) 35 (3.2) 24 (1.7)
College algebra or trigonometry or elementary functions 42 (2.3) 57 (3.7) 89 (1.0
Calculus 12 (1.8) 32 (2.2 95 (1.3)
Advanced calculus 4 (1.3) 17 (2.1) 72 (2.9)
Differential equations 2 (0.7) 12 (1.3) 62 (3.3
Geometry 22 (2.3) 39 (3.0 84 (2.6)
Probability and statistics 27 (3.0 44 (3.1) 81 (2.7)
Abstract algebra or number theory 10 (1.5) 22 (2.2) 75 (2.9)
Linear algebra 6 (1.4) 20 (2.0 78 (2.6)
Applications of mathematics or problem solving 24 (1.8) 28 (2.5) 45 (2.7)
History of mathematics (1.5) 13 (1.6) 42 (2.6)
Discrete mathematics 1.2) 6 (1.2) 26 (2.0
Other upper-division mathematics .7) 18 (1.9) 57 (3.3)
Biological sciences 74 (2.8) 72 (2.9 55 (2.9)
Chemistry 28 (2.2) 37 (24) 51 (2.8)
Physics 17 (1.6) 27 (1.9) 59 (3.0)
Physical science 49 (2.8) 48 (3.6) 31 (2.6)
Earth or space science 45 (2.8) 45 (2.4) 28 (2.8)
Engineering 2 (11 3 (0.9) 10 (0.8)
Computer programming 21 (1.9 30 (2.4) 65 (2.5)
Other computer science 21 (2.2) 24 (2.6) 33 (2.6)
Supervised student teaching in mathematics 50 (2.6) 41 (3.3) 65 (2.9
Methods of teaching mathematics 99 (0.4) 91 (2.1) 84 (2.7)
Instructional use of computers or other technologies 35 (3.4) 32 (2.7) 43 (2.3)

NOTE: Standard errors appear in parentheses.

SOURCES: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics education. Chapel

Hill, NC: Horizon Research, Inc.; Weiss, I.R. (1994). 1993 National survey of science and mathematics education. Unpublished tabulations.
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Appendix table 3-24

Percent of mathematics teachers completing
college coursework recommended by the National
Council of Teachers of Mathematics: 1986 and 1993

Grade range and course 1986 1993
Grades 7-9
Calculus 71 (2.7) 73 (3.8)
College geometry 69 (2.8) 70 (3.8)
Probability or statistics 61 (2.0) 69 (3.9)
Abstract algebra or number theory 49 (3.0) 55 (5.1)
Applications of mathematics or problem solving 36 (2.9) 40 (2.1)

Grades 10-12

Calculus 89 (1.3) 95 (1.5)
College geometry 80 (1.6) 84 (3.1)
Probability and statistics 76 (1.7) 85 (1.8)
Abstract algebra or number theory 69 (1.9) 80 (2.5)
Linear algebra 69 (1.9) 82 (1.6)
Advanced calculus 63 (1.9) 73 (3.3)
Other upper-division mathematics 63 (1.9) 62 (3.8)
Differential equations 61 (2.0) 66 (3.1)
Applications of mathematics or problem solving 39 (2.0) 49 (2.7)
History of mathematics 37 (1.9) 46 (2.8)

NOTE: Standard errors appear in parentheses.

SOURCES: Weiss, I.R. (1987). Report of the 1985-86 national survey of science and mathematics
education. Research Triangle Park, NC: Research Triangle Institute; Weiss, I.R. (1994). 1993 National
survey of science and mathematics education. Unpublished tabulations.
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Appendix table 3-25

Preparation of teachers of grades 7-12 science and mathematics
classes with low, medium, and high proportions of minority students,
by percent of classes: 1993

Proportion of minority students

Field of class taught and field of study Low Medium High

Science or science education

Undergraduate major in science 60 (3.9) 61 (2.7) 62 (3.2)
Undergraduate or graduate major in
science or science education 72 (3.7) 72 (3.0) 68 (3.7)

Undergraduate or graduate major or
minor in science or science education 94 (1.7) 89 (2.8) 85 (2.7)

Mathematics or mathematics education

Undergraduate major in mathematics 37 (3.1) 37 (2.8) 31 (2.3)
Undergraduate or graduate major in

mathematics or mathematics education 62 (3.7) 54 (3.3) 47 (2.7)
Undergraduate or graduate major or

minor in mathematics or mathematics education 78 (3.7) 73 (3.7) 67 (2.6)

NOTES: Low indicates a proportion of less than 10 percent minority. Medium indicates a proportion between 10 percent
and 39 percent minority. High indicates a proportion of at least 40 percent minority. Standard errors appear in
parentheses.

SOURCE: Weiss, I.R. (1994). 1993 National survey of science and mathematics education. Unpublished tabulations.
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Appendix table 3-26

Percent of self-contained elementary teachers feeling
very well qualified to teach each subject: 1977 to 1993

Subject 1977* 1986 1993
Reading or language arts 63 (1.7) 86 (1.0) 76 (1.9)
Mathematics 49 (1.8) 69 (1.3) 60 (2.4)
Social studies 39 (1.7) 51 (1.4) 61 (1.7)
Life sciences - 27 (1.2) 26 (2.0)
Science 22 (1.5) - -

-- Not applicable.

* The survey used estimates for teachers of grades K-3.

NOTES: Self-contained refers to teachers who are responsible for teaching most or all of their
academic subjects in one class. Standard errors appear in parentheses.

SOURCES: Weiss, I.R. (1987). Report of the 1985-86 national survey of science and
mathematics education. Research Triangle Park, NC: Research Triangle Institute; Weiss, I.R.,
Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and
mathematics education. Chapel Hill, NC: Horizon Research, Inc.
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Appendix table 3-27

Percent of mathematics teachers considering themselves
well qualified to teach specific topics, by grade range: 1993

Grade range

Topic 1-4 5-8 9-12

Estimation 50 (2.7) 64 (3.3 72 (2.2)
Number sense and numeration 66 (2.6) 71  (3.0) 78 (2.3)
Number systems and number theory 44  (2.3) 58 (2.8) 67 (2.9)
Measurement 54 (2.6) 60 (3.2) 79 (2.2)
Fractions and decimals 47 (2.1) 81 (3.0 93 (1.6)
Geometry and spatial sense 42 (2.3) 50 (3.0) 69 (3.3)
Functions 36 (2.1) 49 (2.5) 75 (2.2)
Patterns and relationships 58 (3.1) 52 (3.3) 71 (2.8)
Algebra 17 (2.0 44  (3.1) 95 (0.8)
Trigonometry 5 (1.3) 13 (1.6) 60 (2.7)
Probability and statistics 11 (1.6) 28 (3.0) 33 (2.3)
Discrete mathematics 5 (0.8) 10 (2.0) 20 (1.7)
Conceptual foundations of calculus 2 (0.5) 4 (0.8) 29 (1.8)
Mathematical structure 7 (1.8) 14 (2.1) 30 (2.0

NOTE: Standard errors appear in parentheses.

SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics

education. Chapel Hill, NC: Horizon Research, Inc.
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Appendix table 3-28

Percent of mathematics teachers considering themselves
well prepared to do specific tasks, by grade range: 1993

Grade range

Task 1-4 5-8 9-12
Present the applications of mathematics concepts 93 (1.6) 93 (2.0) 87 (2.7)
Use cooperative learning groups 87 (1.7) 82 (2.6) 66 (2.9)
Take into account student preconceptions about

mathematics when planning curriculum and

instruction 81 (2.6) 76 (3.3) 66 (2.3)
Use computers as an integral part of mathematics

instruction 51 (2.7) 48 (3.7) 43 (2.2)
Use calculators as an integral part of mathematics

instruction 55 (2.8) 71 (2.2) 81 (2.4)
Integrate mathematics with other subject areas 78 (2.8) 70 (2.9) 50 (2.9)
Manage a class of students who are using manipulatives 90 (1.5) 79 (2.5) 62 (2.8)
Use a variety of assessment strategies 77 (2.5) 73 (3.2) 67 (2.1)
Use the textbook as a resource rather than as the

primary instructional tool 79 (1.1) 67 (3.8) 62 (3.0)
Use performance-based assessment 61 (2.8) 63 (2.6) 58 (2.4)
Teach groups that are heterogeneous in ability 89 (1.8) 85 (2.5) 71 (2.3)
Teach students from a variety of cultural backgrounds 70 (2.5) 73 (2.7) 63 (3.0)
Teach students who have limited English proficiency 28 (3.1) 33 (3.3) 25 (2.4)
Teach students who have learning disabilities 52 (3.6) 43 (3.6) 28 (2.8)
Encourage participation of females in mathematics 95 (1.6) 95 (1.1) 92 (1.5)
Encourage participation of minorities in mathematics 84 (2.9) 84 (2.6) 83 (1.6)
Involve parents in the mathematics education of their

children 67 (2.6) 57 (2.6) 49 (2.3)

NOTE: Standard errors appear in parentheses.

SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics

education. Chapel Hill, NC: Horizon Research, Inc.
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Appendix table 3-29

Percent of science teachers considering themselves
well prepared to do specific tasks, by grade range: 1993

Grade range

Task 1-4 5-8 9-12
Present the applications of science concepts 74 (2.3) 80 (3.5) 92 (3.1)
Use cooperative learning techniques 83 (2.2) 83 (2.5) 64 (3.4)
Take into account student preconceptions about

natural phenomena when planning curriculum and

instruction 70 (2.2) 63 (3.8) 62 (3.0)
Use computers as an integral part of science instruction 30 (3.4) 31 (2.7) 40 (2.4)
Integrate science with other subject areas 76 (2.3) 67 (3.0) 62 (2.5)
Manage a class of students who are using hands-on or

laboratory activities 78 (2.6) 83 (2.1) 91 (3.1)
Use a variety of assessment strategies 70 (3.0) 78 (3.2) 85 (1.5)
Use the textbook as a resource rather than as the

primary instructional tool 77 (3.1) 70 (3.0) 80 (3.0)
Use performance-based assessment 60 (2.9) 65 (3.3) 64 (2.7)
Teach groups that are heterogeneous in ability 89 (2.3) 90 (1.9) 71 (2.9)
Teach students from a variety of cultural backgrounds 73 (2.7) 69 (3.7) 62 (2.3)
Teach students who have limited English proficiency 32 (2.7) 25 (3.4) 23 (2.1)
Teach students who have learning disabilities 50 (3.5) 46 (3.1) 27 (1.8)
Encourage participation of females in science 92 (2.0) 94 (1.7) 90 (3.0)
Encourage participation of minorities in science 87 (2.3) 86 (2.4) 80 (3.3)
Involve parents in the science education of their

children 57 (3.6) 56 (3.1) 43 (3.0

NOTE: Standard errors appear in parentheses.

SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics education.

Chapel Hill, NC: Horizon Research, Inc.

Indicators of Science and Mathematics Education 1995

1995



APPENDIX TABLES 157

Appendix table 3-30

Percent of 12th-grade students whose science and
mathematics teachers discuss curriculum issues,
by type of person or group with whom they discuss: 1992

Science Mathematics Science and

Person or group students students mathematics students
Teachers in the department 95 97 96
Department chair 82 86 86
Principals 60 59 59
Teachers outside the department 58 59 58
Other teachers outside the school 57 60 59
Other school administrators 45 49 47
Parents 41 42 42
Others in the community (business

leaders, university staff, etc.) 36 32 33

SOURCE: National Center for Education Statistics. (1992). National education longitudinal study of 1988:
Second teacher follow-up study. Washington, DC: NCES.
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Appendix table 3-31

Percent of science and mathematics teachers agreeing with each of a
number of statements related to teacher collegiality, by grade range: 1993

1995

Grade range

Field and statement 1-4 5-8 9-12
Science
| feel supported by colleagues to try out new ideas in
teaching science 74 (2.3) 76 (3.1) 87 (1.6)
| feel that | have many opportunities to learn new things in
my present job 74 (2.2) 68 (3.9) 66 (2.0)
Science teachers in this school regularly share ideas and
materials 55 (2.5) 56 (3.1) 72 (2.1)
Most science teachers in this school contribute actively to
making decisions about the science curriculum 44 (2.8) 47 (3.8) 66 (2.3)
| receive little support from the school administration for
teaching science 21 (2.3) 23 (3.5) 23 (2.6)
| have time during the regular school week to work with my
peers on science curriculum and instruction 14 (1.6) 14 (2.4) 16 (3.6)
Science teachers in this school regularly observe each other
teaching classes as part of sharing and improving
instructional strategies 11 (1.8) 11 (1.8) 14 (3.1)
Mathematics
| feel supported by colleagues to try out new ideas in
teaching mathematics 84 (2.0) 83 (3.3) 80 (2.3)
| feel that | have many opportunities to learn new things in
my present job 76 (2.3) 72 (2.5) 57 (3.0)
Mathematics teachers in this school regularly share ideas and
materials 65 (2.3) 52 (3.2) 67 (2.8)
The testing program in my state or district dictates what
mathematics | teach 60 (3.0) 52 (3.3) 40 (2.6)
Most mathematics teachers in this school contribute actively
to making decisions about the mathematics curriculum 47 (1.8) 46 (2.8) 69 (2.6)
| receive little support from the school administration for
teaching mathematics 14 (1.5) 19 (3.1) 20 (2.6)
| have time during the regular school week to work with my
peers on mathematics curriculum and instruction 21 (1.9) 17 (1.8) 16 (1.6)
Mathematics teachers in this school regularly observe each
other teaching classes as part of sharing and improving
instructional strategies 12 (1.8) 10 (2.1) 11 (1.8)

NOTES: Includes teachers indicating “Strongly Agree” and “Agree” to each statement. Standard errors appear in parentheses.

SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics education. Chapel Hill,

NC: Horizon Research, Inc.
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Appendix table 3-32

Amount of time science and mathematics teachers spent on science or
mathemathics in-service education in the past 3 years, by subject of class

taught and grade range: 1993

Grade range

Subject of class taught Amount of time 1-4 5-8 9-12

Science None 26 (2.8) 17 (1.9) 12 (1.5)
Fewer than 6 hours 30 (1.8) 22 (2.6) 14 (1.8)
6 -15 hours 22 (2.1) 27 (4.2) 18 (3.0)
16 - 35 hours 14 (1.9) 14 (2.8) 19 (1.4)
More than 35 hours 9 (1.8) 20 (2.4) 38 (3.1)

Mathematics None 17 (1.5) 15 (1.5) 10 (1.8)
Fewer than 6 hours 22 (2.0) 22 (3.5) 14 (2.8)
6 -15 hours 29 (2.4) 23 (2.5) 21 (1.8)
16 - 35 hours 18 (2.4) 24 (2.5) 24 (2.6)
More than 35 hours 15 (2.0) 17 (2.0) 31 (2.5)

NOTE: Standard errors appear in parentheses.

SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics education. Chapel
Hill, NC: Horizon Research, Inc.
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Appendix table 3-33

Year of most recent college coursework in field for science and mathematics
teachers, by grade range: 1993

Grade range

Field and year of most recent course 1-4 5-8 9-12

Science, total 100 100 100
Before 1983 53 (2.5) 41 (3.0) 24 (3.8)
1983 - 1988 20 (21) 18 (1.6) 21 (1.5)
1989 - 1993 26 (3.0) 41 (2.8) 55 (3.2)

Mathematics, total 100 100 100
Before 1983 41 (2.3) 39 (3.8) 31 (1.8)
1983 - 1988 22 (1.9) 22 (3.1) 26 (2.7)
1989 - 1993 37 (2.6) 40 (3.3) 43 (2.2)

NOTES: Standard errors appear in parentheses. Totals may not equal 100 percent as a result of rounding.

SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics education. Chapel
Hill, NC: Horizon Research, Inc.
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Appendix table 3-34

Percent of science and mathematics teachers participating in various professional
activities in the past 12 months, by subject and grade range: 1993

Grade range

Field and activity 1-4 5-8 9-12
Science
Served on a school or district curriculum committee 17 (3.4 26 (2.3 40 (2.7)
Served on a school or district textbook selection committee 14  (2.0) 19 (2.1 37 (29
Attended any national or state teacher association meetings 7 (1.0 20 (3.0 37 (3.3)
Taught any in-service workshops or courses in science or science teaching 5 (11 9 (1.2 16 (2.0)
Received any local, state, or national grants or awards for teaching 3  (0.7) 8 (1.3) 17 (1.9

Mathematics

Served on a school or district curriculum committee 18 (1.9) 25 (2.6) 51 (2.5)
Served on a school or district textbook selection committee 16 (2.0) 31 (2.7) 47 (2.9)
Attended any national or state teacher association meetings 9 (1.4 19 (2.1) 39 (2.6)
Taught any in-service workshops or courses in mathematics

or mathematics teaching 6 (1.4) 6 (0.8) 13 (1.2)
Received any local, state, or national grants or awards for teaching 3  (0.7) 3 (0.8) 8 (0.6)

NOTE: Standard errors appear in parentheses.
SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics education. Chapel
Hill, NC: Horizon Research, Inc.
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Appendix table 3-35

Percent of mathematics classes never taking part in various activities,

by grade range: 1993

Grade range

Activity 1-4 5-8 9-12
Work at home on mathematics projects that take a

week or more 72 (2.3) 53 (2.8) 66 (2.0)
Listen and take notes during presentation by teacher 63 (3.2) 12 (2.7) 1 (0.2)
Watch films, filmstrips, or videotapes 51 (2.2) 51 (2.4) 54 (2.4)
Work in class on mathematics projects that take a

week or more 48 (1.8) 41 (2.7) 58 (2.1)
Write their reasoning about how to solve a problem 31 (1.9 14 (1.5) 20 (1.6)
Use computers or calculators to develop an

understanding of mathematics concepts 21  (1.6) 14 (2.3) 19 (2.2)
Use computers or calculators to do computations 17 (1.3) 8 (3.1 7 (14
Use computers or calculators to explore problems 17 (1.3) 10 (3.0) 15 (1.5)
Make conjectures and explore possible methods to

solve a mathematics problem 16 (2.1) 8 (1.3) 14 (1.9)
Do mathematics problems from textbooks 11 (2.1 1 (04 1 (0.3)
Participate in dialogue with the teacher to develop

an idea 8 (1.7 5 (1.3 4 (0.7)
Learn about mathematics through real-life

applications 3 (1.2 3 (11 1.2)
Do mathematics problems from worksheets 2 (0.7) 2 (04 (0.6)
Use manipulative materials or models 1 (0.3) 7 (1.3 19 (1.6)
Work in small groups 1 (03 2 (0.6) 4 (0.6)

NOTE: Standard errors appear in parentheses.

SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics

education. Chapel Hill, NC: Horizon Research, Inc.
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Appendix table 3-36

Percent of science classes never taking part in various activities,

by grade range: 1993

Grade range

Activity 1-4 5-8 9-12

Listen and take notes during presentation by teacher 52 (1.8) 6 (1.0) 0 (0.2)
Work at home on science projects that take a week or more 51 (1.9) 27 (2.3) 49 (2.3)
Use a computer 38 (3.0 44 (3.0) 54 (3.2)
Prepare written science reports 36 (2.1) 10 (1.1) 12 (2.3)
Work in class on science projects that take a week or more 28 (2.5) 22 (2.1) 43 (3.4)
Read a science textbook in class 23 (2.4) 9 (14 21 (1.2)
Take field trips 23 (2.7) 35 (2.9 62 (2.3)
Watch films, filmstrips, or videotapes (1.9) (0.5) 8 (1.5)
Watch the teacher demonstrate a scientific principle (0.8) (1.6) (0.4)
Participate in dialogue with the teacher to develop an idea 3 (1.0) 1 (0.5) 1 (0.4)
Do hands-on or laboratory science activities 2 (0.7) 2 (0.6) 1 (0.3)
Work in small groups 2 (1.0 1 (0.2) 1 (0.1)

NOTE: Standard errors appear in parentheses.

SOURCE: Weiss, I.R., Matti, M.C., & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics education.

Chapel Hill, NC: Horizon Research, Inc.
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Appendix table 3-37

Percent of science and mathematics classes “covering” various proportions of their textbooks,
by grade range: 1986 and 1993

Subject and 1986 1993
textbook coverage Grades 1-6 Grades 7-9 Grades 10-12 Grades 1-6 Grades 7-9 Grades 10-12
Science, total 100 100 100 100 100 100
Less than 25% 4 (0.8) 2 (0.8) 1 (0.5) 11 (1.7) 4 (0.7) 4 (1.2)
25% to 49% 11 (1.3) 11 (1.9 12 (1.8) 18 (1.9) 16 (1.9 18 (2.3)
50% to 74% 24 (1.2) 27 (2.8) 38 (3.7) 23 (1.8) 32 (3.0 37 (2.6)
75% to 90% 30 (1.8) 41 (2.9) 34 (2.6) 29 (1.7) 40 (4.5) 34 (2.2)
Greater than 90% 31 (1.9) 20 (34) 15 (2.0) 19 (2.0 8 (1.6) 8 (1.0
Mathematics, total 100 100 100 100 100 100
Less than 25% 0 (0.0 1 (0.6) 3 (0.7) 1 (04) 0 (0.1) 1 (0.2)
25% to 49% 2 (0.6) 7 (1.5 6 (1.0 4 (0.7) 5 (11) 6 (0.7)
50% to 74% 8 (1.1) 17 (2.3) 23 (1.7) 22 (1.6) 20 (2.0) 24 (2.3)
75% to 90% 41 (1.9) 50 (3.0) 45 (2.0) 47 (2.1) 47 (2.5) 49 (3.2)
Greater than 90% 48 (3.0) 26 (2.6) 23 (1.7) 26 (2.0) 27 (2.2) 20 (1.7)

NOTES: Standard errors appear in parentheses. Totals may not equal 100 percent as a result of rounding.
SOURCES: Weiss, |.R. (1987). Report of the 1985-86 national survey of science and mathematics education. Research Triangle Park, NC: Research Triangle Institute; Weiss, |.R.
(1994). 1993 National survey of science and mathematics education. Unpublished tabulations.
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Appendix table 3-38

Percent of 12th-grade science teachers responding to availability
and condition of science equipment and facilities: 1992

1995

Availability of Condition of science Availability of

Description consumable supplies equipment used facilities (lab equipment)
Total 100.0 100.0 100.0

None 3.3 2.7 4.7

Poor 11.8 12.4 12.7

Fair 26.4 32.0 24.9

Good 40.8 41.3 36.7

Excellent 17.7 11.7 21.0

NOTE: Totals may not equal 100 percent as a result of rounding.
SOURCE: National Center for Education Statistics. (1992). National education longitudinal study of 1988: Second teacher follow-up study.
Washington, DC: NCES.
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Appendix table 3-39

Median and mean student—computer ratios for computer-using schools,
by country and school level: 1992

Student—computer ratio*

Total
Education level Country schools Median Mean
Elementary Japan 82 24 110 (16.7)
Netherlands 175 16 24 (1.7)
United States 171 6 7 (0.5)
Lower secondary Austria 261 11 11 (0.3)
Germany 134 15 17 (0.8)
Japan 129 31 88 (14.4)
Netherlands 285 14 15 (0.5)
United States 148 5 7 (0.7)
Upper secondary Austria 162 4 5 (04)
Japan 136 23 38 (4.5)
United States 130 5 8 (11)

* Student—computer ratio is calculated using grade-specific enrollment for three grades at each school level (rather than full
school enrollment): the target grade, the grade immediately before the target grade, and the grade immediately after it.
NOTE: Standard errors appear in parentheses.

SOURCE: Pelgrum, W.J., Janssen Reinen, I.A.M., & Plomp, T. (Eds.). (1993). Schools, teachers, students and
computers: A cross-national perspective (IEA COMPED Study Stage 2). Netherlands: IEA.
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Appendix table 3-40

Mean percent of 16+ bit computers (80286 and higher
processors) in computer-using schools: 1989 and 1992

Education level Nation 1989 1992

Lower secondary Japan 7 92
Austria 23 67
Germany 12 38
Netherlands 1 22
United States 1 17

Upper secondary Japan 72 85
Austria 19 77
Slovenia 17 76
United States 3 29

NOTE: Standard errors are not available.

SOURCE: Pelgrum, W.J., Janssen Reinen, [.LAM., & Plomp, T. (Eds.). (1993). Schools, teachers,
students and computers: A cross-national perspective (IEA COMPED Study Stage 2). Netherlands:
IEA.
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Appendix table 3-41

Percent of external network use by type of external network: 1992

Percent of Percent of schools that

Education level and type of network all schools use external networks
Elementary, total number of schools 163 37

AT&T ID Learning 13

Dialog or other databases 5 24

National Geographic Kids Network 24

CompuServe or other e-mail 11 46

Other 11 43
Lower secondary, total number of schools 142 33

AT&T ID Learning 3 12

Dialog or other databases 3 15

National Geographic Kids Network 3 15

CompuServe or other e-mail 12 52

Other 8 36
Upper secondary, total number of schools 141 61

AT&T ID Learning 5 11

Dialog or other databases 13 30

National Geographic Kids Network 1 3

CompuServe or other e-mail 15 34

Other 15 34

NOTE: Standard errors are not available.

SOURCE: Anderson, R.E. (Ed.). (1993). Computers in American schools, 1992: An overview. Minneapolis, MN:

University of Minnesota.
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Appendix table 3-42

Average percentage of mathematics problems correct on test items

requiring the use of a calculator, ages 9, 13, and 17: 1978 to 1992

Tested age Items on test 1978 1982 1986 1990 1992
9 years 8 74 (1.0) 75 (0.8) 75 (0.7) 78 (0.9) 80 (0.5)
13 years 8 55 (1.4) 52 (1.4) 55 (1.4) 60 (1.0) 62 (1.3)
17 years 11 63 (1.0) 59 (1.2) 65 (1.2) 66 (1.0) 67 (0.8)

NOTE: Standard errors appear in parentheses.

SOURCE: Mullis, 1.V.S., et al. (1994). NAEP 1992 trends in academic progress

Center for Education Statistics.

Indicators of Science and Mathematics Education 1995
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Appendix table 4-1

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

Two years or fewer of

Sex, race, High school college or College Graduate

or ethnic diploma or less vocational school graduate degree

origin 1980 1990 1980 1990 1980 1990 1980 1990
All sophomores 26.5 10.2 32.9 30.3 22.7 321 17.9 27.4
Male 28.0 11.0 31.7 32.3 22.4 32.9 18.0 23.8
Female 23.4 9.4 34.2 28.3 23.8 31.4 18.7 30.9
Asian 11.7 8.2 215 21.7 32.4 31.4 34.3 38.7
Hispanic 33.7 14.3 33.7 38.5 17.0 255 15.6 21.7
Black 26.3 111 32.7 30.2 21.8 28.2 19.2 30.5
White 25.9 9.4 33.1 29.5 23.4 33.9 17.7 27.3
Native American 35.7 18.8 32.9 43.0 17.2 21.8 14.2 16.5

NOTES: Persons of Hispanic origin may be of any race. Totals may not add to 100 percent as a result of rounding.

SOURCE: National Center for Education Statistics. (1992). High school and beyond study, 1980 to 1992. Washington, DC: NCES.
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Appendix table 4-2

INDICATORS OF SCIENCE AND MATHEMATICS EDUCATION 1995

College enrollment rates of recent high school graduates,
by race or ethnic origin: 1976 to 1992

Recent high school graduates®
(numbers in thousands)

Enrolled in college?
(numbers in thousands)

Percent of high school

graduates enrolled in college

Year Total White  Black® Hispanic® Total White  Black® Hispanic® Total White Black® Hispanic®
1976 2,987 2,640 320 152 1,458 1,291 134 80 48.8 48.9 41.9 52.6
1977 3,140 2,768 335 156 1,590 1,403 166 80 50.6 50.7 49.6 51.3
1978 3,161 2,750 352 133 1,584 1,378 161 57 50.1 50.1 45.7 42.9
1979 3,160 2,776 324 154 1,559 1,376 147 69 49.3 49.6 45.4 44.8
1980 3,089 2,682 361 129 1,524 1,339 151 68 49.3 49.9 41.8 52.7
1981 3,053 2,626 359 146 1,646 1,434 154 76 53.9 54.6 42.9 52.1
1982 3,100 2,644 384 174 1,568 1,376 140 75 50.6 52.0 36.5 43.1
1983 2,964 2,496 392 138 1,562 1,372 151 75 52.7 55.0 38.5 54.3
1984 3,012 2,514 438 185 1,662 1,455 176 82 55.2 57.9 40.2 44.3
1985 2,666 2,241 333 141 1,539 1,332 141 72 57.7 59.4 42.3 51.1
1986 2,786 2,307 386 169 1,499 1,292 141 75 53.8 56.0 36.5 44.4
1987 2,647 2,207 337 176 1,503 1,249 175 59 56.8 56.6 51.9 33.5
1988 2,673 2,187 382 179 1,575 1,328 172 102 58.9 60.7 45.0 57.0
1989 2,454 2,051 337 168 1,463 1,238 178 93 59.6 60.4 52.8 55.4
1990 2,355 1,921 341 112 1,410 1,182 158 53 59.9 61.5 46.3 47.3
1991 2,276 1,867 320 154 1,420 1,207 146 88 62.4 64.6 45.6 57.1
1992 2,398 1,900 353 199 1,479 1,204 169 109 61.7 63.4 47.9 54.8

NOTES: Persons of Hispanic origin may be of any race. Data are based upon sample surveys of the civilian population.
* Individuals aged 16 to 24 who graduated from high school during the preceding 12 months.
2 Enroliment in college as of October of each year for individuals aged 16 to 24 who graduated from high school or received the GED during the
preceding 12 months.
% As a result of the small sample size, black and Hispanic data are subject to relatively large sampling errors.

SOURCE: National Center for Education Statistics. (1994). Digest of educational statistics 1994 (NCES 94-115). Washington, DC: U.S.

Government Printing Office.
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Appendix table 4-3

Total fall enrollment in postsecondary institutions,
by attendance status and age: 1970 to 1991

Age 1970 1975 1980 1985 1987 1990 1991

Full-time students (in thousands)

Total 5,815 6,841 7,098 7,075 7,231 7,821 8,115
14-17 years 242 242 216 203 142 141 114
18 and 19 2,406 2,510 2,580 2,322 2,488 2,479 2,408
20 and 21 1,647 1,854 2,060 1,975 2,024 2,121 2,299
22-24 881 1,008 1,174 1,227 1,223 1,387 1,496
25-29 407 692 610 695 693 802 868
30-34 100 279 264 310 293 403 401
35 and older 134 256 193 345 367 487 528
Percent 21 years and younger 73.9 67.3 68.4 63.6 64.4 60.6 59.4

Part-time students (in thousands)

Total 2,766 4,344 4,999 5,172 5,536 5,998 6,244
14-17 years 17 36 31 32 95 26 7
18 and 19 194 276 320 278 359 321 305
20 and 21 233 390 364 408 480 498 469
22-24 576 746 815 705 766 779 790
25-29 668 1,082 1,261 1,258 1,237 1,261 1,266
30-34 388 687 979 951 972 957 1,067
35 and older 689 1,127 1,229 1,540 1,626 2,157 2,339
Percent 21 years and younger 16.1 16.2 14.3 13.9 16.9 14.1 12.5

NOTES: Distribution by age is based on samples of the civilian noninstitutional population. Numbers may not add to totals as a result of
rounding.

SOURCE: National Center for Education Statistics. (1994). Digest of educational statistics 1994 (NCES 94-115). Washington, DC: U.S.
Government Printing Office.
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Appendix table 4-4

Total fall enrollment in postsecondary institutions,
by sex: 1970 to 1998 (projected)

INDICATORS OF SCIENCE AND MATHEMATICS EDUCATION

Enrollment (in thousands) Percent
Year Total Men Women female
1970 8,581 5,044 3,537 41.2
1975 11,185 6,149 5,036 45.0
1980 12,097 5,874 6,223 514
1985 12,247 5,818 6,429 52.5
1987 12,767 5,932 6,835 53.5
1990 13,820 6,284 7,535 54.5
1991 14,359 6,502 7,857 54.7
1998* 15,111 6,811 8,300 54.9

* Projected

SOURCE: National Center for Education Statistics. (1994). Digest of educational

statistics 1994 (NCES 94-115). Washington, DC: U.S. Government Printing Office.
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Appendix table 4-5

Total fall enrollment in postsecondary institutions, by race or ethnic

origin of student, all institutions, and 2-year institutions: 1976 to 1993

Race or ethnic origin 1976 1980 1984 1988 1990 1991 1993

All institutions
Students (in thousands)

Total 10,986 12,087 12,233 13,043 13,820 14,359 14,306
White 9,076 9,833 9,815 10,283 10,723 10,990 10,604
Black 1,033 1,107 1,076 1,130 1,247 1,335 1,410
Hispanic 384 472 535 680 783 867 989
Asian 198 286 390 497 573 637 724
Native American 76 84 84 93 103 114 122
Nonresident alien 219 305 335 361 392 416 457

Percent (U.S. citizens only)

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
White 84.3 83.5 82.5 81.1 79.9 78.8 76.6
Black 9.6 9.4 9.0 8.9 9.3 9.6 10.2
Hispanic 3.6 4.0 4.5 54 5.8 6.2 7.1
Asian 1.8 2.4 3.3 3.9 4.3 4.6 5.2
Native American 0.7 0.7 0.7 0.7 0.8 0.8 0.9
Nonresident alien - - - - - - -

Two-year institutions
Students (in thousands)

Total 3,879 4,521 4,527 4,868 5,240 5,652 5,566
White 3,077 3,556 3,514 3,702 3,954 4,199 3,961
Black 429 473 459 473 524 578 599
Hispanic 210 255 289 384 424 484 557
Asian 79 124 167 199 215 256 295
Native American 41 47 46 50 55 74 63
Nonresident alien 42 64 53 60 67 63 91

Percent (U.S. citizens only)

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
White 80.2 79.8 78.5 77.0 76.4 75.1 72.3
Black 11.2 10.6 10.3 9.8 10.1 10.3 10.9
Hispanic 5.5 5.7 6.5 8.0 8.2 8.7 10.2
Asian 2.1 2.8 3.7 4.1 4.2 4.6 5.4
Native American 1.1 11 1.0 1.0 1.1 1.3 1.2

Nonresident alien

—Distribution for U.S. citizens only.

NOTES: Numbers may not add to totals as a result of rounding. Persons of Hispanic origin may be of any race.

SOURCES: National Center for Education Statistics. (1994). Digest of educational statistics 1994 (NCES 94-115). Washington, DC: U.S.
Government Printing Office; National Center for Education Statistics. (1995). Fall enrollment in colleges and universities. Unpublished

tabulations.
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Appendix table 4-6

Number of college courses outside their major that 1991 bachelor’s degree

recipients took, by field, sex, and race or ethnic origin: 1991

Courses

Total

Male

Female

Race or ethnic origin

Black

Hispanic

Asian

Other race

or ethnic origin

Total, nonmajors

None
1-4
5 or more

Total, nonmajors

None
1-4
5 or more

Total, nonmajors

None
1-4
5 or more

Total, nonmajors

None
1-4
5 or more

Mathematics and computer science coursetaking by non-mathematics and non-computer-science majors

1,008,018 449,784 567,512 59,496 40,653 37,019 55,246
196,601 75,274 119,952 10,934 6,983 7,684 12,551
647,586 268,780 376,358 37,311 24,748 21,153 31,319
163,831 105,730 61,202 11,251 8,922 8,181 11,376

Percent
100.0 100.0 100.0 100.0 100.0 100.0 100.0
19.5 16.7 215 18.4 17.2 20.8 22.7
64.2 59.8 67.5 62.7 60.9 57.1 56.7
16.3 235 11.0 18.9 21.9 221 20.6
Engineering coursetaking by non-engineering majors
978,503 417,450 558,376 59,214 39,361 33,355 53,151
908,211 370,072 533,972 56,113 37,768 28,147 50,918
57,112 35,436 22,559 2,739 1,362 4,465 1,293
13,180 11,942 1,845 362 231 743 940
Percent
100.0 100.0 100.0 100.0 100.0 100.0 100.0
92.8 88.7 95.6 94.8 96.0 84.4 95.8
5.8 8.5 4.0 4.6 3.5 13.4 2.4
1.3 2.9 0.3 0.6 0.6 2.2 1.8

Continued
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Appendix table 4-6

Number of college courses outside their major that 1991 bachelor’'s degree

recipients took, by field, sex, and race or ethnic origin: 1991, continued

Race or ethnic origin
Other race
Courses Total Male Female Black Hispanic Asian or ethnic origin
Life and physical sciences coursetaking by non-life and non-physical-sciences majors

Total, nonmajors 984,866 441,116 543,238 57,595 40,175 35,837 54,378
None 211,507 93,301 118,223 11,992 10,807 6,855 13,391
1-4 609,855 263,147 345,009 36,500 21,820 18,792 30,526
5 or more 163,504 84,668 80,006 9,103 7,548 10,190 10,461

Percent

Total, nonmajors 100.0 100.0 100.0 100.0 100.0 100.0 100.0
None 215 21.2 21.8 20.8 26.9 19.1 24.6
1-4 61.9 59.7 63.5 63.4 54.3 52.4 56.1
5 or more 16.6 19.2 14.7 15.8 18.8 28.4 19.2

Social sciences coursetaking by non-social-sciences majors

Total, nonmajors 860,673 386,976 473,240 48,297 34,676 33,293 49,258
None 51,791 22,078 29,340 2,176 2,502 2,028 4,957
1-4 338,265 158,003 180,885 18,284 13,935 13,815 21,656
5 or more 470,617 206,895 263,014 27,837 18,239 17,450 22,645

Percent

Total, nonmajors 100.0 100.0 100.0 100.0 100.0 100.0 100.0
None 6.0 5.7 6.2 4.5 7.2 6.1 10.1
1-4 39.3 40.8 38.2 37.9 40.2 41.5 44.0
5 or more 54.7 53.5 55.6 57.6 52.6 52.4 46.0

NOTES: Persons of Hispanic origin may be of any race. Numbers shown are population estimates from a weighted sample.
SOURCE: University of Pennsylvania Institute for Research on Higher Education and the Association of American Colleges and Universities. (1994).
Estimates of student curricular activity from a national survey of colleges and universities. i
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Appendix table 4-7

Students with a grade point average of 3.0 or higher, by field of major and sex: 1991

Number of
Total students with Percent of
Major and sex students GPA 3.0 or higher students
All students
All fields, total 1,044,267 562,741 53.9
Science and engineering, total 345,009 185,907 53.9
Mathematical and computer sciences 36,249 19,751 54.5
Life and physical sciences 59,401 36,659 61.7
Engineering 65,764 34,087 51.8
Social sciences 183,595 95,410 53.9
Males
Al fields, total 473,851 221,271 46.7
Science and engineering, total 200,077 98,532 49.2
Mathematical and computer sciences 24,067 11,693 48.6
Life and physical sciences 32,734 19,500 59.6
Engineering 56,401 27,706 49.1
Social sciences 86,875 39,633 45.6
Females
Al fields, total 570,416 338,047 59.3
Science and engineering, total 149,298 88,610 59.4
Mathematical and computer sciences 12,904 8,373 64.9
Life and physical sciences 27,178 17,364 63.9
Engineering 12,040 7,532 62.6
Social sciences 97,176 55,341 56.9

SOURCE: University of Pennsylvania Institute for Research on Higher Education and the Association of American Colleges and Universities.
(1994). Estimates of student curricular activity from a national survey of colleges and universities. Philadelphia: University of Pennsylvania.
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Appendix table 4-8

Number and percent of high school graduates, college enrollment, and science and engineering
degree attainment, by race or ethnic origin: 1990

High school High school graduates Science and Science and
U.S. population graduates enrolled in college engineering earned engineering earned
Race or ethnic origin (18-24 years old) (18-24 years old) (18-24 years old) bachelor’'s degrees doctorates
Number
Total 24,852,000 20,311,000 7,964,000 379,392 14,014
White 20,393,000 16,823,000 6,635,000 296,140 12,560
Black 3,520,000 2,710,000 894,000 21,274 285
Hispanic 2,749,000 1,498,000 435,000 15,680 382
Percent
Total 100.0 100.0 100.0 100.0 100.0
White 82.1 82.8 83.3 78.1 89.6
Black 14.2 13.3 11.2 5.6 2.0
Hispanic 111 7.4 5.5 4.1 2.7

NOTES: Persons of Hispanic origin may be of any race. Totals may not add to 100 percent because not all races and ethnic groups are shown.

SOURCES: National Science Foundation. (1994).

Science and engineering degrees, by race/ethnicity of recipients: 1977-1991 (NSF 94-306). Arlington, VA: NSF;

U.S. Bureau of the

Census. (1992). School enrollment—social and economic characteristics of students: October 1990 (Current Population Reports, Series P-20, No0.460). Washington, DC: U.S.

Government Printing Office.
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Appendix table 4-9

Number and percent of high school graduates, college enrollment, and science and engineering
degree attainment, by sex: 1990

High school High school graduates Science and Science and
U.S. population graduates enrolled in college engineering earned engineering earned
Sex (18-24 years old) (18-24 years old) (18-24 years old) bachelor’s degrees doctorates
Number
Total 24,852,000 20,311,000 7,964,000 329,094 22,763
Male 12,134,000 9,778,000 3,922,000 189,082 16,447
Female 12,718,000 10,533,000 4,042,000 140,012 6,316
Percent
Total 100.0 100.0 100.0 100.0 100.0
Male 48.8 48.1 49.2 57.5 72.3
Female 51.2 51.9 50.8 425 27.7

SOURCES: National Science Foundation. (1994). Science and engineering degrees: 1966-1991 (NSF 94-305). Arlington, VA: NSF; U.S. Bureau of the Census. (1992). School
enrollment—social and economic characteristics of students: October 1990 (Current Population Reports, Series P-20, N0.460). Washington, DC: U.S. Government Printing Office.
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Appendix table 4-10

Percent of high school seniors taking selected science and mathematics courses, by sex and
post-high-school plans: 1990 and 1993

Post-high-school plans

Intended major in the natural Other college Non-college-
Course area Year All students Male Female sciences or engineering major bound
Mathematics
Algebra 1990 89 88 89 98 97 77
1993 91 91 92 98 98 79
Geometry 1990 71 70 71 93 89 48
1993 74 73 75 94 89 46
Trigonometry 1990 28 31 27 67 38
1993 36 36 37 74 42 8
Calculus 1990 8 10 6 26 11 *
1993 11 13 9 33 8 *
Number in sample 1990 2,332 1,107 1,225 276 474 752
1993 2,046 1,071 975 229 464 579
Science
Low-level science 1990 75 74 76 62 73 84
1993 73 74 72 52 73 90
Biology 1990 92 93 92 98 98 86
1993 91 90 93 96 96 83
Chemistry 1990 53 54 53 84 73 27
1993 60 59 62 85 75 29
Physics 1990 23 27 19 52 27 6
1993 32 32 27 64 30 7
Number in sample 1990 2,296 1,096 1,201 276 486 748
1993 2,016 1,057 959 229 464 578

* Less than 1 percent.
SOURCE: National Science Board. (1993). Science and engineering indicators - 1993 (NSB 93-1). Washington, DC: U.S. Government Printing Office.

Indicators of Science and Mathematics Education 1995

S3ITTaV.I XIdAN3IddV

LL



78 INDICATORS OF SCIENCE AND MATHEMATICS EDUCATION 1995

Appendix table 4-11

Percent of all faculty who say that undergraduates
in their country are adequately prepared in selected
skills, by type of skill and country: 1992

Mathematics Written
and quantitative and oral
Country reasoning communication
Hong Kong 39 19
South Korea 37 59
Sweden 32 32
Russia 27 26
Mexico 23 24
Japan 22 30
Chile 22 17
Israel 19 15
Australia 18 20
United States 15 20

NOTE: Includes faculty of all disciplines and departments.

SOURCE: Mooney, C.J. (1994, June 22). The shared concerns of scholars. The Chronicle of
Hiaher Education. XL (42). pp. A37-A38.
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Appendix table 4-12

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

Remained in same Moved to other

Field of major or like major group of majors
All natural sciences and engineering 56.0 44.0
Engineering 61.9 38.1
Natural sciences

Biological sciences 49.1 51.0

Computer sciences 46.4 53.6

Mathematical sciences 37.3 62.7

Physical sciences 48.8 51.2
Social and behavioral sciences 72.0 28.0
Non-science and -engineering

Business 59.5 40.5

Education 67.7 32.3

English 84.9 15.1

Fine arts 70.1 29.9

History or political science 65.2 34.8

NOTE: Like majors are defined as follows: Group one—biological sciences, physical sciences, engineering, and
mathematical sciences; Group two—history or political science, social and behavioral sciences, fine arts, and English.
Computer sciences, business, and education were defined to be separate majors, without other like majors.

SOURCE: Seymour, E., & Hewitt, N.M. (1994). Talking about leaving: Factors contributing to high attrition rates among
science, mathematics & engineering undergraduate majors. Final report to the Alfred P. Sloan Foundation on an
ethnographic inquiry at seven institutions. Boulder, CO: University of Colorado.
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Appendix table 4-13

Average undergraduate tuition and fees paid by students,

INDICATORS OF SCIENCE AND MATHEMATICS EDUCATION

by type and control of institution: 1985 to 1993

Public institutions

Private institutions

Year 4-year 2-year 4-year 2-year
1985 $1,657 $788 $7,497 $4,703
1986 1,717 835 7,976 4,785
1987 1,809 844 8,516 4,713
1988 1,897 871 8,782 5,135
1989 1,961 865 9,152 5,709
1990 2,012 854 9,492 5,875
1991 2,025 884 9,743 5,975
1992 2,181 965 10,062 5,921
1993 2,352 1,018 10,393 6,101

NOTES: 1993 data are preliminary. Public institution tuition and fees are shown for in-state residents.
Amounts represent real 1993 dollars.

SOURCE: National Center for Education Statistics. (1993). Digest of educational statistics 1993

(NCES 93-292). Washington, DC: U.S. Government Printing Office.
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Appendix table 4-14

Debt burden of 1990 bachelor’s degree recipients,
by postgraduation occupation: 1991

Percent Median Median Median debt as a percent
Occupation with debt debt income of median first-year income
Engineers, surveyors, architects 51.5 $6,900 $31,200 22.1
Elementary & secondary teachers 51.0 $6,500 $18,200 35.7
Science technicians 46.9 $4,000 $20,500 19.5
Engineering technicians 46.2 $8,000 $27,900 28.7
Social scientists & urban planners 45.3 $8,000 $20,500 39.0
Natural scientists & mathematicians 44.6 $5,000 $23,900 20.9
Computer scientists 40.2 $8,000 $30,000 26.7

NOTES: Median debt includes only those with debt. Median income includes only those with debt and first-year income.
SOURCE: U.S. Department of Education, Office of Policy and Planning. (1993). Debt burden: The next generation. Rockville,

MD: Westat, Inc.
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Appendix table 4-15

Number and percent of science and engineering doctorate recipients, by primary source of support,
residency status, and race or ethnic origin: 1992

S3IT74dV.L XIAN3IddV

Noncitizens U.S. citizens
Primary source Permanent Temporary Native
of support Total residents residents Total Whites Blacks Hispanics Asians Americans
Number
Total 17,823 918 5,681 11,199 10,042 205 285 480 51
University 10,976 645 4,347 5,970 5,380 75 126 277 27
Personal 4,320 192 523 3,599 3,271 77 99 109 17
Federal 1,206 26 68 1,113 975 24 39 61
Other 1,325 55 744 516 421 29 21 33 4
Percent
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
University 61.6 70.2 76.5 53.3 53.6 36.6 44.2 57.8 52.9
Personal 24.2 20.9 9.2 321 32.6 37.6 34.8 22.7 33.3
Federal 6.8 2.8 1.2 9.9 9.7 11.7 13.7 12.7 5.9
Other 7.4 6.0 13.1 4.6 4.2 14.1 7.4 6.9 7.8

NOTES: Persons of Hispanic origin may be of any race. University sources include research and teaching assistantships funded under Federal research grants, as well as other
sources available to universities. Personal sources include loans (Federal and non-Federal), recipients’ own earnings, and contributions from family and spouse. Federal sources
include Federal agency fellowship and traineeship programs. Other support includes U.S. nationally competitive fellowships, business or employer funds, foreign government, state
government, and other nonspecified sources. Numbers represent only those doctorate recipients with known primary support. Percents are based on these numbers. Data also
include health sciences which are not included in other doctoral data in this report.

SOURCE: Ries, P., & Thurgood, D. (1994). Summary report 1992: Doctorate recipients from United States universities. Washington, DC: National Academy Press.
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Appendix table 4-16

Participation rate of 22-year-olds in first university degrees in the natural sciences and
engineering, by sex and country: most current year (1989 to 1992)

Percent 22-year-olds

All first With With NS&E degrees
university Natural Social Persons first univ. NS&E earned as a percent
Region/ country degrees sciences * sciences Engineering ? 22-years-old degree degree® of all 22-year-olds
Male
Asia
Japan * 290,253 20,221 138,708 78,705 915,800 317 10.8 5.5
South Korea 104,627 15,953 7,579 26,763 447,600 23.4 9.5 5.0
Taiwan 23,556 4,723 1,167 8,110 190,800 12.4 6.7 35
Europe
Austria 5,996 1,071 301 978 62,272 9.6 3.3 1.7
Bulgaria 10,296 1,047 201 3,337 61,046 16.9 7.2 3.7
France 55,637 10,416 3,925 13,394 435,915 12.8 55 2.8
Germany ° 111,894 18,475 20,829 34,634 660,000 16.1 7.6 4.1
Greece 8,600 1,731 969 1,547 78,932 10.9 4.2 2.1
Italy 46,519 6,779 10,447 7,278 465,783 10.0 3.0 15
Poland 24,525 3,309 752 6,100 265,441 9.2 35 1.8
Spain 51,208 7,390 1,495 5,996 338,000 15.2 4.0 2.0
Sweden 7,203 897 262 2,018 60,871 11.8 4.8 25
Switzerland 5,893 1,088 429 751 47,859 115 3.6 2.0
United Kingdom ° 46,888 12,963 6,536 8,647 437,232 10.7 4.9 25
North America
Canada 56,157 8,235 7,929 7,738 205,200 27.4 7.3 4.0
United States 508,952 62,341 74,900 68,851 1,896,959 26.8 6.9 35
Female
Asia
Japan * 109,750 4,932 18,519 2,650 871,600 12.6 0.9 0.4
South Korea 61,289 7,242 2,632 1,308 411,400 14.9 2.1 1.0
Taiwan 19,396 1,810 2,007 840 180,200 10.8 1.5 0.7
Europe
Austria 4,673 481 457 70 59,590 7.8 0.9 0.5
Bulgaria 13,590 1,341 259 3,211 57,259 23.7 7.8 3.8
France 48,200 5,484 3,419 3,195 417,947 115 2.1 1.0
Germany ° 69,751 11,425 16,297 4,218 627,400 10.6 2.4 1.2
Greece 9,832 1,228 998 450 73,717 13.3 2.3 1.1
Italy 49,706 6,369 8,864 622 450,470 11.0 1.6 0.8
Poland 30,835 3,551 1,329 1,340 252,900 12.2 1.9 0.9
Spain 70,691 5,912 4,024 648 322,400 21.9 2.0 1.0
Sweden 9,859 595 938 529 57,994 17.0 1.9 0.9
Switzerland 3,272 376 495 26 45,940 7.1 0.9 0.4
United Kingdom ° 38,005 7,368 6,855 1,398 416,872 9.1 2.1 1.0
North America
Canada 74,007 5,272 13,811 929 198,200 34.2 3.1 15
United States 599,045 50,542 95,205 11,630 1,829,155 32.8 3.4 1.7

NOTES: NS&E = Natural sciences and engineering. Data for Bulgaria, Germany, Italy, Poland, Switzerland, and the United Kingdom are from 1992.
Data for Austria, France, Greece, Japan, Sweden, and the United States are for 1991. All other data are from 1990.

*Includes degrees in math and computer sciences and agricultural sciences. 2 Includes degrees in engineering technology. * Social science degrees are
not included in this proportion. * Japanese social sciences data are adjusted to delete business. °Average age of German degree recipient is 27 years
of age. Population given is for all 27-year-olds in united Germany. ° United Kingdom data do not include open universities.

SOURCE: National Science Foundation. (1994). [Special tabulations of statistics of international degrees]. Unpublished data.
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Appendix table 4-17

Degrees awarded in all fields, science and engineering, and science and engineering as a percent
of all fields, by degree level: 1971 to 1991

Degree 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
All fields, total
Associate N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Bachelor's 894,110 930,272 954,376 931,663 934,443 928,228 930,201 931,340 940,251 946,877 964,043
Master's 252,774 264,525 278,259 293,651 313,001 318,241 312,816 302,075 299,095 296,798 296,580
Doctoral 33,041 33,755 33,047 32,952 32,946 31,716 30,875 31,239 31,020 31,357 31,111
Science and engineering, total
Associate N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Bachelor's 306,459 321,085 326,230 313,555 309,491 303,798 303,555 303,162 304,695 306,792 315,023
Master’s 60,049 62,046 62,239 63,198 65,007 67,397 67,264 64,226 64,089 64,366 66,568
Doctoral 19,324 19,352 18,694 18,711 18,364 17,892 17,539 17,753 17,668 18,143 18,190
Science and engineering as a percent of all fields
Associate N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Bachelor’s 34.3 34.5 34.2 33.7 33.1 32.7 32.6 32.6 32.4 32.4 32.7
Master’s 23.8 23.5 22.4 215 20.8 21.2 21.5 21.3 21.4 21.7 22.4
Doctoral 58.5 57.3 56.6 56.8 55.7 56.4 56.8 56.8 57.0 57.9 58.5
Continued
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Appendix table 4-17

Degrees awarded in all fields, science and engineering, and science and
engineering as a percent of total, by degree level: 1971 to 1991, continued

Degree 1983 1984 1985 1986 1987 1988 1989 1990 1991
All fields, total
Associate 461,888 457,851 459,087 451,258 440,816 441,093 440,375 459,048 486,297
Bachelor's 980,679 986,345 990,877 1,000,204 1,003,532 1,006,033 1,030,171 1,062,151 1,107,997
Master's 290,931 285,462 287,213 289,829 290,532 300,091 311,050 324,947 338,498
Doctoral 31,282 31,337 31,297 31,895 32,363 33,490 34,318 36,057 37,451
Science and engineering, total
Associate 23,901 28,183 26,580 25,359 23,130 21,520 19,733 19,810 19,352
Bachelor's 317,875 324,483 332,422 335,460 331,526 322,482 322,821 329,094 337,675
Master's 67,716 68,564 70,562 71,831 72,603 73,655 76,425 77,788 78,368
Doctoral 18,506 18,641 18,824 19,339 19,784 20,832 21,625 22,763 23,854
Science and engineering as a percent of all fields
Associate 5.2 6.2 5.8 5.6 5.3 4.9 4.5 4.3 4.0
Bachelor's 324 32.9 335 335 33.0 321 31.3 31.0 30.5
Master's 23.3 24.0 24.6 24.8 25.0 245 24.6 23.9 23.2
Doctoral 59.2 59.5 60.1 60.6 61.1 62.2 63.0 63.1 63.7

N/A: Not available.

NOTE: Data on science and engineering associate degrees are not available before 1983.

SOURCE: National Science Foundation. (1994). Science and engineering degrees: 1966-91 (NSF 94-305). Arlington, VA: NSF.
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Appendix table 4-18

Number of bachelor’s degrees awarded, by major field group and by sex: 1971 to 1991

85

Total Female
Natural Social and Total S&E Natural Social and
Year Total S&E Engineering sciences behav. sci. Number  Percent Engineering sciences behav. sci.
1971 294,357 45,248 94,544 154,565 85,039 28.9 361 23,848 60,830
1972 306,459 45,711 96,410 164,338 90,037 29.4 492 24,709 64,836
1973 321,085 46,779 103,004 171,302 95,995 29.9 576 26,885 68,534
1974 326,230 43,248 109,752 173,230 102,578 31.4 698 29,986 71,894
1975 313,555 39,824 110,584 163,147 102,814 32.8 845 31,878 70,091
1976 309,491 38,790 113,296 157,405 103,921 33.6 1,317 33,653 68,951
1977 303,798 41,357 113,908 148,533 104,993 34.6 2,044 35,289 67,660
1978 303,555 47,251 112,286 144,018 107,667 35.5 3,482 36,457 67,728
1979 303,162 53,469 110,790 138,903 109,915 36.3 4,881 37,494 67,540
1980 304,695 58,810 110,253 135,632 113,480 37.2 5,952 38,905 68,623
1981 306,792 63,717 110,468 132,607 115,815 37.8 7,063 40,366 68,386
1982 315,023 67,460 113,998 133,565 121,399 38.5 8,275 42,819 70,305
1983 317,875 72,670 116,554 128,651 123,337 38.8 9,652 45,426 68,259
1984 324,483 76,153 122,252 126,078 125,221 38.6 10,729 47,973 66,519
1985 332,422 77,572 129,817 125,033 128,958 38.8 11,246 51,449 66,263
1986 335,460 76,820 131,082 127,558 130,689 39.0 11,138 51,836 67,715
1987 331,526 74,425 125,166 131,935 131,545 39.7 11,404 49,706 70,435
1988 322,482 70,154 115,611 136,717 130,933 40.6 10,779 46,569 73,585
1989 322,821 66,947 109,137 146,737 133,483 41.3 10,188 43,446 79,849
1990 329,094 64,705 105,021 159,368 140,012 425 9,973 42,680 87,359
1991 337,675 62,187 105,383 170,105 148,347 43.9 9,665 43,477 95,205

NOTE: S&E is science and engineering.

SOURCE: National Science Foundation. (1994). Science and engineering degrees: 1966-91 (NSF 94-305). Arlington, VA: NSF.
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Appendix table 4-19

Number of master’'s degrees awarded, by major field group and by sex: 1971 to 1991

Total Female

Total Social and Total Social and

science and Natural behavioral science and Natural behavioral

Year engineering Engineering sciences sciences engineering Engineering sciences sciences
1971 56,454 16,367 20,735 19,352 10,338 186 4,598 5,554
1972 60,049 16,764 21,658 21,627 11,328 271 4,851 6,206
1973 62,046 16,545 21,899 23,602 11,813 278 4,683 6,852
1974 62,239 15,205 22,040 24,994 12,711 347 4,913 7,451
1975 63,198 15,167 21,468 26,563 13,788 372 4,888 8,528
1976 65,007 16,045 21,150 27,812 15,015 568 4,986 9,461
1977 67,397 16,012 21,856 29,529 16,498 698 5,493 10,307
1978 67,264 16,080 21,967 29,217 17,230 843 5,680 10,707
1979 64,226 15,279 21,544 27,403 17,612 937 5,852 10,823
1980 64,089 15,943 21,347 26,799 18,085 1,123 5,903 11,059
1981 64,366 16,451 21,136 26,779 18,861 1,329 5,975 11,557
1982 66,568 17,557 22,368 26,643 20,011 1,575 6,722 11,714
1983 67,716 18,886 22,540 26,290 20,998 1,755 7,054 12,189
1984 68,564 20,145 23,170 25,249 21,531 2,100 7,483 11,948
1985 70,562 20,972 23,961 25,629 22,320 2,244 7,730 12,356
1986 71,831 21,096 25,151 25,584 23,220 2,400 8,305 12,515
1987 72,603 22,070 25,208 25,325 23,844 2,770 8,545 12,529
1988 73,655 22,726 25,784 25,145 23,835 2,808 8,463 12,564
1989 76,425 23,743 26,047 26,635 25,580 3,082 8,831 13,667
1990 77,788 23,995 26,255 27,538 26,558 3,269 9,027 14,262
1991 78,368 24,013 25,638 28,717 27,927 3,357 9,135 15,435

SOURCE: National Science Foundation. (1994). Science and engineering degrees: 1966-91 (NSF 94-305). Arlington, VA: NSF.
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Appendix table 4-20
Number of doctoral degrees awarded, by major field group and by sex: 1971 to 1991

Total Female
Total Social and Total Social and
science and Natural behavioral science and Natural behavioral
Year engineering Engineering sciences sciences engineering Engineering sciences sciences
1971 19,363 3,514 10,280 5,569 1,990 16 1,000 974
1972 19,324 3,509 9,986 5,829 2,142 22 1,040 1,080
1973 19,352 3,374 9,804 6,174 2,510 46 1,171 1,293
1974 18,694 3,161 9,266 6,267 2,662 34 1,163 1,465
1975 18,711 3,011 9,250 6,450 2,905 52 1,252 1,601
1976 18,364 2,838 8,866 6,660 3,060 55 1,272 1,733
1977 17,892 2,648 8,640 6,604 3,185 74 1,273 1,838
1978 17,539 2,425 8,560 6,554 3,410 53 1,397 1,960
1979 17,753 2,494 8,796 6,463 3,703 62 1,527 2,114
1980 17,668 2,479 8,826 6,363 3,915 90 1,652 2,173
1981 18,143 2,528 8,956 6,659 4,143 99 1,724 2,320
1982 18,190 2,646 9,135 6,409 4,307 124 1,868 2,315
1983 18,506 2,781 9,182 6,543 4,650 124 1,983 2,543
1984 18,641 2,913 9,329 6,399 4,739 151 2,005 2,583
1985 18,824 3,166 9,435 6,223 4,840 198 2,123 2,519
1986 19,339 3,376 9,612 6,351 5,114 225 2,316 2,663
1987 19,784 3,712 9,845 6,227 5,253 242 2,361 2,650
1988 20,832 4,188 10,437 6,207 5,606 286 2,570 2,750
1989 21,625 4,544 10,656 6,425 6,044 375 2,799 2,870
1990 22,763 4,893 11,363 6,507 6,316 415 2,932 2,969
1991 23,854 5,212 11,989 6,653 6,789 452 3,122 3,215

SOURCE: National Science Foundation. (1994). Science and engineering degrees: 1966-91 (NSF 94-305). Arlington, VA: NSF.
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Appendix table 4-21

Science and engineering degrees awarded per hundred
U.S. population, by degree level and sex: 1971 to 1991

Bachelor’'s degree

Master’s degree

Doctoral degree

Year Total Male Female Total Male Female Total Male Female
1971 8.4 11.9 4.9 1.5 2.4 0.5 0.7 1.3 0.2
1972 8.7 12.3 5.1 1.7 2.7 0.6 0.7 1.2 0.2
1973 8.8 12.2 5.3 1.7 2.8 0.7 0.6 1.1 0.2
1974 8.7 11.8 5.5 1.7 2.8 0.7 0.6 1.1 0.2
1975 8.1 10.8 5.4 1.7 2.7 0.7 0.6 1.1 0.2
1976 7.8 10.3 5.3 1.7 2.6 0.8 0.6 1.1 0.2
1977 7.5 9.7 5.2 1.7 2.6 0.8 0.5 0.7 0.2
1978 7.4 9.5 5.3 1.7 2.5 0.9 0.5 0.8 0.2
1979 7.1 9.0 5.2 1.6 2.3 0.9 0.5 0.8 0.2
1980 7.1 8.9 5.3 15 2.2 0.9 0.5 0.7 0.2
1981 7.2 8.9 5.4 15 2.1 0.9 0.5 0.7 0.2
1982 7.4 9.0 5.7 15 2.1 0.9 0.5 0.7 0.2
1983 7.3 8.9 5.7 1.6 2.1 1.0 0.5 0.7 0.2
1984 7.6 9.3 5.9 1.6 2.2 1.0 0.4 0.7 0.2
1985 7.9 9.6 6.2 1.6 2.2 1.0 0.4 0.7 0.2
1986 8.1 9.7 6.4 1.7 2.2 1.1 0.4 0.7 0.2
1987 8.3 9.8 6.6 1.7 2.3 11 0.4 0.7 0.2
1988 8.4 9.9 7.0 1.7 2.3 1.1 0.5 0.7 0.3
1989 8.7 10.0 7.3 1.9 2.5 1.3 0.5 0.7 0.3
1990 9.0 10.1 7.8 2.0 2.6 1.4 0.5 0.7 0.3
1991 9.0 9.9 8.1 2.1 2.6 15 0.5 0.8 0.3

NOTE: Bachelor's degrees, per hundred 22-year-olds; master’s, per hundred 24-year-olds; doctorates, per hundred 30-year-olds.
SOURCE: National Science Foundation. (1994). Science and engineering degrees: 1966-91 (NSF 94-305). Arlington, VA: NSF.
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Appendix table 4-22

Number and percent of bachelor’'s degrees awarded in science and

engineering, by citizenship and race or ethnic origin: 1977 to 1991

Citizenship 1977 1979 1981 1985 1987 1989 1990 1991
Number
Total, all recipients 374,579 373,431 374,693 375,786 376,450 371,248 379,392 389,952
Total, U.S. citizens and permanent residents 365,907 363,308 361,362 356,256 351,607 350,242 355,032 366,945
White 323,845 318,819 313,486 307,061 298,129 293,262 296,140 303,532
Black 23,134 23,324 23,767 20,223 20,224 20,481 21,274 23,170
Hispanic 11,002 12,163 13,107 13,373 13,846 14,811 15,680 17,021
Asian 6,558 7,591 9,572 13,996 17,921 20,222 20,453 21,628
Native American 1,368 1,411 1,430 1,603 1,487 1,466 1,485 1,594
Nonresident alien 8,486 10,039 13,282 15,526 14,824 13,138 13,216 13,591
Unknown 186 84 49 4,004 10,019 7,868 11,144 9,416
Percent
Total, all recipients 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Percent of all recipients,

U.S. citizens and permanent residents 97.7 97.3 96.4 94.8 93.4 94.3 93.6 94.1
Total, U.S. citizens and permanent residents 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
White 88.5 87.8 86.8 86.2 84.8 83.7 83.4 82.7
Black 6.3 6.4 6.6 5.7 5.8 5.8 6.0 6.3
Hispanic 3.0 3.3 3.6 3.8 3.9 4.2 4.4 4.6
Asian 1.8 2.1 2.6 3.9 5.1 5.8 5.8 5.9
Native American 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

Nonresident alien
Unknown

-- Figures are percentages of total U.S. citizens and permanent residents only.
NOTES: Persons of Hispanic origin may be of any race. Percentages may not add to 100 as a result of rounding.

SOURCE: National Science Foundation. (1994). Science and engineering degrees, by race/ethnicity of recipients: 1977-91 (NSF 94-

306). Arlington, VA: NSF.
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Appendix table 4-23

Number and percent of engineering bachelor’'s degrees awarded to
blacks and Hispanics, by institution and sex: 1993

All
engineering Percent

State or bachelor's awarded Blacks
Academic institution territory degrees to blacks All Male  Female
North Carolina A&T State University NC 173 88.4 153 90 63
Tuskegee University AL 125 96.0 120 72 48
Prairie View A&M University > 138 81.9 113 71 42
Georgia Institute of Technology, Main Campus GA 1,218 7.8 95 59 36
Howard University DC 123 71.5 88 53 35
Southern University and A&M College LA 78 91.0 7 42 29
North Carolina State University at Raleigh NC 1,041 6.1 64 52 12
CUNY City College NY 211 25.1 53 44
Pratt Institute NY 90 47.8 43 40
Massachusetts Institute of Technology MA 587 7.0 41 33

Percent
awarded Hispanics
to Hispanics All Male Female

University of Puerto Rico Mayaguez PR 529 100.0 529 379 150
Universidad Politécnica de Puerto Rico PR 147 100.0 147 118 29
Florida International University FL 195 53.8 105 80 25
Texas A&M University, Main Campus > 938 9.2 86 66 20
University of Texas at El Paso X 153 49.7 76 59 17
California Polytechnic State University—SLO CA 700 9.6 67 59
University of Texas at Austin X 751 8.5 64 57 7
Massachusetts Institute of Technology MA 587 9.2 54 41 13
New Mexico State University, All Campuses NM 229 23.6 54 43 11
University of Miami FL 144 31.3 45 33 12

NOTES: Persons of Hispanic origin may be of any race. Universities listed are the ones that award the largest number of
engineering bachelor's degrees to blacks or Hispanics.

SOURCE: National Center for Education Statistics. Integrated Postsecondary Education Data System. Special tabulations
by Science Resources Studies Division, National Science Foundation.
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Appendix table 4-24

Number of doctorates awarded to U.S. citizens,
by selected racial and ethnic groups: 1982 to 1992

Science and engineering total Non-science and -engineering total
Year Black Hispanic Native American Black Hispanic Native American
1982 285 226 38 762 309 39
1983 283 237 27 639 302 54
1984 299 254 31 654 282 43
1985 278 244 41 634 317 55
1986 254 276 52 569 295 47
1987 234 305 52 534 313 63
1988 260 327 41 554 270 53
1989 284 310 52 537 273 42
1990 285 382 41 613 335 55
1991 349 405 55 652 325 75
1992 300 414 69 651 341 79

NOTE: Persons of Hispanic origin may be of any race.
SOURCE: National Science Foundation. (1993). Selected data on science and engineering doctorate awards:
1992 (NSF 93-315). Washington, DC: NSF.
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Appendix table 4-25

Number of science and engineering doctorates awarded
to U.S. citizens, by selected racial and ethnic groups
and sex: 1982 to 1992

Black Hispanic Native American

Year Male Female Male Female Male Female
1982 159 126 160 66 27 11
1983 150 133 140 97 22

1984 156 143 173 81 26

1985 152 126 148 96 21 20
1986 124 130 177 99 33 19
1987 115 119 179 126 31 21
1988 143 117 199 128 28 13
1989 142 142 180 130 33 19
1990 151 134 232 150 24 17
1991 180 169 238 167 36 19
1992 151 149 253 161 42 27

NOTE: Persons of Hispanic origin may be of any race.
SOURCE: National Science Foundation. (1993). Selected data on science and engineering doctorate awards:
1992 (NSF 93-315). Washington, DC: NSF.
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Appendix table 4-26

Science and engineering doctorates awarded,
by citizenship: 1972 to 1992

u.s. Unknown Percent
Year Total citizens Noncitizens citizenship noncitizen
1972 19,324 15,144 3,860 320 20.0
1973 19,352 14,971 4,044 337 20.9
1974 18,694 13,750 4,092 852 21.9
1975 18,710 14,288 4,056 366 21.7
1976 18,268 14,082 3,839 347 21.0
1977 17,723 13,636 3,651 436 20.6
1978 17,383 13,331 3,557 495 20.5
1979 17,589 13,524 3,602 463 20.5
1980 17,523 13,410 3,662 451 20.9
1981 17,996 13,544 3,855 597 21.4
1982 18,017 13,292 3,981 744 22.1
1983 18,393 13,403 4,298 692 23.4
1984 18,514 13,250 4,527 737 245
1985 18,712 12,947 4,957 808 26.5
1986 19,251 12,869 5,128 1,254 26.6
1987 19,706 12,819 5,536 1,351 28.1
1988 20,739 13,217 6,047 1,475 29.2
1989 21,528 13,311 6,498 1,719 30.2
1990 22,672 14,014 7,739 919 34.1
1991 23,780 14,225 8,882 673 37.4
1992 24,432 14,262 9,372 798 38.4

SOURCES: National Science Foundation. (1993). Science and engineering doctorates:
1960-91 (NSF 93-301). Washington, DC: NSF; National Science Foundation. (1993).
Selected data on science and engineering doctorate awards: 1992 (NSF 93-315).
Washington, DC: NSF.
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Appendix table 4-27

Engineering technology degrees awarded,
by degree level: 1975 to 1991

Degree
Year Associate Bachelor’s Master’s Doctoral
1975 30,906 8,589 371 5
1976 36,263 9,180 493 10
1977 38,588 9,864 505 12
1978 41,708 10,314 579 15
1979 41,716 10,906 496 16
1980 43,696 12,180 510 16
1981 52,478 13,567 532 21
1982 58,574 14,778 636 33
1983 51,332 18,663 622 18
1984 50,718 20,225 694 6
1985 53,693 20,533 816 15
1986 49,904 20,928 925 21
1987 49,813 20,577 883 13
1988 49,640 20,447 980 14
1989 48,342 20,098 1,135 18
1990 46,931 19,150 1,194 18
1991 45,104 18,294 1,188 25

SOURCE: National Science Foundation. (1994). Science and engineering degrees:
1966-91 (NSF 94-305). Arlington, VA: NSF.
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Appendix table 4-28

Number of institutions of higher education, by Carnegie

Institution classification type: 1987 and 1994

Type 1987 1994

Total 3,389 3,600
Doctorate-granting institutions 213 236
Master’s-granting institutions 595 532
Bachelor’'s-granting institutions 572 633
Specialized-degree-granting institutions 642 690
Tribal colleges — 29
Two-year colleges 1,367 1,480

— Unavailable because the tribal colleges category did not exist in 1987.

NOTE: Data use 1994 Carnegie classification system.

SOURCE: Carnegie Foundation for the Advancement of Teaching. (1991, May/June). Research-intensive
vs. teaching-intensive institutions.

Change, 23-26.
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Appendix table 4-29

Total number and percent of full-time instructional faculty, by field and race or ethnic origin:

Fall 1987 and Fall 1992

1987 1992
Native Native
Field Total White Asian Black Hispanic American Total White Asian Black Hispanic  American
Number
Total 399,741 354,811 20,814 12,637 8,570 2,909 365,348 319,217 20,092 17,089 7,613 1,337
Science and engineering, total 132,965 118,275 8,262 2,978 2,889 561 142,685 122,161 11,673 5,530 2,903 418
Natural sciences 72,043 64,767 4,591 861 1,484 341 78,016 67,282 6,494 2,606 1,430 204
Social and behavioral sciences 41,974 37,637 1,087 2,018 1,011 221 45,082 40,041 1,493 2,375 1,008 165
Engineering 18,948 15,871 2,584 100 394 0 19,587 14,838 3,686 549 465 49
Non-science and -engineering, total 266,776 236,536 12,552 9,659 5,681 2,347 222,663 197,056 8,418 11,559 4,710 920
Business 25,022 21,530 2,196 690 171 435 28,162 25,195 1,633 944 230 159
Education 25,674 22,720 365 1,606 718 265 28,099 24,775 354 2,209 607 154
Fine arts 26,072 23,675 436 798 1,012 151 25,637 22,613 697 1,526 670 132
Health sciences 85,763 75,079 6,649 2,348 976 711 44,883 39,738 2,359 2,134 528 125
Humanities 49,585 44,862 998 1,200 2,195 330 51,831 46,039 1,724 1,996 1,925 147
Other programs 54,661 48,670 1,909 3,017 610 455 44,052 38,697 1,653 2,751 749 202
Continued
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Appendix table 4-29

Total number and percent of full-time instructional faculty, by field and race or ethnic origin:
Fall 1987 and Fall 1992, continued

1987 1992
Native Native
Field Total White Asian Black Hispanic American Total White Asian Black Hispanic ~ American
Percent
Total 100.0 88.8 5.2 3.2 2.1 0.7 100.0 87.4 5.5 4.7 2.1 0.4
Science and engineering, total 100.0 89.0 6.2 2.2 2.2 0.4 100.0 85.6 8.2 3.9 2.0 0.3
Natural sciences 100.0 89.9 6.4 1.2 2.1 0.5 100.0 86.2 8.3 3.3 1.8 0.3
Social and behavioral sciences 100.0 89.7 2.6 4.8 24 0.5 100.0 88.8 3.3 5.3 2.2 0.4
Engineering 100.0 83.8 13.6 0.5 2.1 0.0 100.0 75.8 18.8 2.8 2.4 0.3
Non-science and -engineering, total 100.0 88.7 4.7 3.6 2.1 0.9 100.0 88.5 3.8 5.2 2.1 0.4
Business 100.0 86.0 8.8 2.8 0.7 1.7 100.0 89.5 5.8 3.4 0.8 0.6
Education 100.0 88.5 14 6.3 2.8 1.0 100.0 88.2 1.3 7.9 2.2 0.6
Fine arts 100.0 90.8 17 3.1 3.9 0.6 100.0 88.2 2.7 6.0 2.6 0.5
Health sciences 100.0 87.5 7.8 2.7 1.1 0.8 100.0 88.5 5.3 4.8 1.2 0.3
Humanities 100.0 90.5 2.0 2.4 4.4 0.7 100.0 88.8 3.3 3.9 37 0.3
Other programs 100.0 89.0 35 5.5 1.1 0.8 100.0 87.8 3.8 6.3 1.7 0.5

NOTES: Numbers may not equal totals as a result of rounding. Asian includes Pacific Islanders. Persons of Hispanic origin may be of any race.
SOURCE: National Center for Education Statistics. (1994). [Special tabulations from the 1993 national study of postsecondary faculty]. Unpublished data.
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Appendix table 4-30

Number and percent of full-time instructional faculty, by field and sex:
Fall 1987 and Fall 1992

1987 1992

Percent Percent

Field Total Male Female female Total Male Female female
Total 399,853 300,121 99,732 24.9 365,348 259,670 105,678 28.9
Science and engineering, total 133,069 111,025 22,045 16.6 142,685 118,360 24,325 17.0
Natural sciences 72,043 60,028 12,015 16.7 78,016 66,023 11,993 15.4
Social and behavioral sciences 41,974 32,415 9,559 22.8 45,082 33,900 11,182 24.8
Engineering 19,053 18,582 471 2.5 19,587 18,437 1,150 5.9
Non-science and -engineering, total 266,783 189,096 77,687 29.1 222,663 141,310 81,353 36.5
Business 25,023 19,835 5,188 20.7 28,162 21,777 6,384 22.7
Education 25,673 15,610 10,063 39.2 28,099 15,212 12,887 45.9
Fine arts 26,072 19,745 6,327 24.3 25,637 17,641 7,996 31.2
Health sciences 85,762 59,724 26,038 30.4 44,883 24,098 20,784 46.3
Humanities 49,594 34,717 14,877 30.0 51,831 32,479 19,352 37.3
Other programs 54,660 39,465 15,195 27.8 44,052 30,102 13,949 31.7

NOTE: Numbers may not equal totals as a result of rounding.

SOURCE: National Center for Education Statistics. (1994). [Special tabulations from the 1993 national study of postsecondary faculty]. Unpublished

data.
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Appendix table 4-31

Principal activity of full-time higher education faculty
and instructional staff, by field: Fall 1992

Number Percent
Field of faculty Total Teaching Research Other
Total 595,340 100.0 66.8 11.5 21.7
Engineering 26,588 100.0 68.9 16.5 14.6
Natural sciences, total 121,989 100.0 63.3 23.6 13.1
Life science 50,652 100.0 45.2 38.8 16.0
Physical science 29,884 100.0 68.6 19.0 12.4
Computer science 14,439 100.0 77.4 10.5 12.0
Mathematical science 27,014 100.0 83.7 7.3 9.0
Social and behavioral sciences 62,422 100.0 73.3 9.6 17.1
Non-science and -engineering, total 384,341 100.0 66.7 7.6 25.7
Health sciences 91,280 100.0 48.2 13.0 38.8
Education 41,304 100.0 71.1 3.1 25.8
Business 41,552 100.0 80.1 6.7 13.3
Humanities 79,875 100.0 82.1 2.9 15.0
Fine arts 33,328 100.0 85.2 1.1 13.7
Other 97,002 100.0 57.5 10.8 31.7

NOTES: Other activity includes clinical service, administration, community or public service, technical activities, on sabbatical
from institution, or other unclassified activities. Totals may not equal 100 percent as a result of rounding.

SOURCE: National Center for Education Statistics. (1994). [Special tabulations from the 1993 national study of postsecondary

faculty]. Unpublished data.
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Appendix table 4-32
Mean number of classes taught by full-time faculty, by field, institutional type, and sex: Fall 1992

Type of institution

Doctoral Master Bachelor 2-year college
Field Total All Male Female All Male Female All Male Female All Male Female
Agriculture 2.3 1.8 1.8 1.3 2.9 3.0 2.7 5.0 5.0 - 3.8 3.8 3.7
Bioscience 2.2 1.7 1.6 1.8 2.6 2.7 25 2.6 2.5 2.6 3.4 3.4 3.2
Physical science 2.3 1.7 1.7 1.8 2.7 2.7 2.5 2.9 3.1 2.3 3.1 3.0 3.1
Mathematics 3.2 2.0 2.0 2.2 3.3 3.3 3.1 3.2 3.3 3.2 4.0 4.1 3.9
Computer science 3.4 2.1 2.1 1.9 29 2.8 3.2 3.8 3.6 4.2 4.4 4.3 4.6
Social science 2.9 2.1 2.1 2.2 3.2 3.2 3.2 3.0 3.0 2.8 4.0 4.0 3.9
Engineering 2.4 1.8 1.8 1.4 2.8 2.8 3.0 25 2.6 1.0 35 3.6 3.1
Business 3.3 2.3 2.3 24 3.0 3.0 3.1 4.0 3.9 4.1 4.5 4.6 4.4
Education 3.1 25 2.7 2.4 3.3 34 3.2 3.2 3.0 34 3.8 3.9 3.7
Fine arts 34 2.8 2.7 2.8 3.4 3.4 35 34 35 3.1 4.3 4.4 4.0
Health science 2.4 21 2.1 21 2.7 2.6 2.7 25 3.7 2.4 2.7 3.2 2.6
Humanities 3.2 2.4 24 2.4 3.2 3.2 3.1 3.1 3.1 3.1 4.1 4.2 4.0
Other 3.1 2.2 2.3 2.2 3.2 3.3 3.0 3.2 3.2 3.1 3.7 3.7 3.6

-- Too few sample cases for a reliable estimate.
SOURCE: National Center for Education Statistics. (1992). [Special tabulations from the 1993 national study of postsecondary faculty]. Unpublished data.
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Appendix table 4-33

Number and percent of academic departments of engineering
that require or offer communications courses to faculty and graduate

students, by size of department: 1992

Smaller departments Larger departments
Total (20 or fewer faculty) (more than 20 faculty)
Number of departments 744 523 221
Percent of academic departments
Course offered to
Faculty 39 32 53
Graduate students 40 31 60
Course required of
Faculty 7 9 6
Graduate students 33 24 39
Areas covered by course
Teaching techniques 83 82 85
Academic or career advising 66 60 70
English language skills 29 34 21
American customs and behavior 30 24 35

NOTE: Includes only electrical, mechanical, and civil engineering.
SOURCE: Burton, L., & Celebuski, C. A. (1994). Higher education surveys: Undergraduate education in electrical,
mechanical and civil engineering (HES Survey No. 16). Washington, DC: National Science Foundation.
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Appendix table 4-34

Percent of courses taught by full-time instructional faculty
using different formats, by type of institution and instructor’s field: Fall 1992

Discussion Laboratory or
Type of institution and field Total Lecture Seminar group problem session Other
Doctorate-granting institutions, total 100.0 61.1 13.2 10.6 8.7 6.4
Natural sciences 100.0 75.2 7.7 5.9 9.4 1.9
Engineering 100.0 84.7 4.2 1.1 7.8 2.3
Social and behavioral sciences 100.0 67.8 20.2 7.8 1.9 2.3
Non-science and -engineering 100.0 52.9 14.6 13.6 9.9 9.0
Master’s-granting institutions, total 100.0 62.8 7.9 115 8.8 9.0
Natural sciences 100.0 79.2 2.9 3.9 11.0 2.9
Engineering 100.0 75.2 3.5 3.3 15.3 2.7
Social and behavioral sciences 100.0 77.4 10.1 5.5 2.9 4.1
Non-science and -engineering 100.0 54.9 9.0 15.2 9.0 11.9
Bachelor’s-granting institutions, total 100.0 52.0 11.3 17.6 8.9 10.3
Natural sciences 100.0 71.4 5.4 6.2 13.9 3.1
Engineering 100.0 68.5 3.3 0.0 28.2 0.0
Social and behavioral sciences 100.0 67.3 15.8 12.0 2.2 2.7
Non-science and -engineering 100.0 42.6 12.0 22.3 8.8 14.2
Two-year institutions, total 100.0 66.2 2.3 10.1 14.4 7.0
Natural sciences 100.0 84.6 0.7 2.1 10.5 2.1
Engineering 100.0 78.5 0.9 3.1 15.9 1.6
Social and behavioral sciences 100.0 86.1 3.8 5.0 3.0 2.2
Non-science and -engineering 100.0 57.1 2.7 13.6 16.9 9.6

NOTE: Other includes role playing or simulation, television or radio, group projects, and cooperative learning groups.
SOURCE: National Center for Education Statistics. (1994). [Special tabulations from the 1993 national study of postsecondary faculty].
Unpublished data.
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Appendix table 4-35

Percent of mathematics departments offering selected academic
activities to undergraduate mathematics majors, by activity

and type of institution

: 1990

Activities

Institution type

Doctorate-granting

Master’s-granting

Bachelor’s-granting

Regular problem-solving opportunities

Research projects
Senior project or thesis
Regular social activities with faculty

69
59
23
21

63
47
36
45

25
37
28
53

SOURCE: Albers, D.J., Loftsgaarden, D.O., Rung, D.C., & Watkins, A.E. (1992). Statistical abstract of

undergraduate programs in the mathematical sciences and computer science in the United States: 1990-91

CBMS survey (MAA Notes No. 23). Washington, DC: Mathematical Association of America.
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Appendix table 4-36

Number of calculus sections requiring selected course

activities, by type of institution: 1990

Institution type

Course Doctorate-granting Master’s-granting Bachelor’s-granting
Number of sections
Total 3,690 1,813 3,580
Writing activities 75 32 762
Group projects 52 34 163
Computer assignments 167 139 466
Percent
Total 100.0 100.0 100.0
Writing activities 2.0 1.8 21.3
Group projects 14 1.9 4.6
Computer assignments 4.5 7.6 13.0

SOURCE: Albers, D.J., Loftsgaarden, D.O., Rung, D.C., & Watkins, A.E. (1992). Statistical abstract of
undergraduate programs in the mathematical sciences and computer science in the United States:
1990-91 CBMS survey (MAA Notes No. 23). Washington, DC: Mathematical Association of America.
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Appendix table 4-37

Percent of college and university equipment
and instrumentation at doctorate-granting
institutions used for instruction and research: 1990

Usage Percent
Research only 63
Predominantly research 29
Predominantly instruction 5
Instruction only 3

NOTE: Includes only movable instrumentation and equipment originally costing $10,000 to $999,999
owned by research-performing colleges and universities for use in the natural sciences and
engineering, from 1988 to 1989.

SOURCE: National Science Foundation. (1991). Characteristics of science/engineering equipment in
academic settings: 1989-90 (NSF 91-315). Washington, DC: NSF.
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his chapter reflects on the process of developing

statistical indicators of science and mathematics

education. These indicators, which are statistics
that shed light on important policy issues, inform policy
makers about the state of current science and mathemat-
ics education and recommend areas for future investiga-
tion. The chapter reviews the frameworks for choosing
the statistical indicators in this report. It also reflects on
the status of data sources for the chosen indicators and
suggests areas that require greater attention in future vol-
umes as well as additional research.

The selection of topics for this report reflects the major

issues that are important to the Directorate for Education
and Human Resources :(-E-HR-)I of the National Science

ducting research and supporting projects that lead to
improvements in student achievement in science and
mathematics for all students in the United States. Thus,
the indicators in this volume reflect the concerns about
how the current efforts to establish standards for science
and mathematics education are understood and imple-
mented. They also reflect the changes that are occurring to
establish greater equity among male and female students
and students of all races and ethnic groups.

INDICATORS IN THE CURRENT VOLUME

The indicators presented in this volume are a synthesis
of available statistics about science and mathematics edu-
cation. Authors selected them from existing national sur-
veys. The authors of this report attempted to select indi-
cators of evidence of change in the Nation’s mathematics
and science education system. They examined sources of
data on trends in student achievement, teacher knowl-
edge and practices, content of curriculum, high school
coursetaking, and changes in characteristics of postsec-
ondary students, graduates, and faculty.

The authors of this volume selected indicators of shifts
toward the standards of excellence and equity of the edu-
cation system during the past 2 decades. Moreover, they
selected indicators to monitor U.S. efforts to reform the
entire education system by setting high expectations for
all students’ performance and obtaining a greater align-
ment among components of the education system. For
elementary and secondary education, the selection of indi-
cators monitors curriculum coverage, teacher practices,
and student achievement. This selection was influenced
by national standards, which were developed by profes-

sional education associations. For postsecondary educa-
tion, the selection of indicators monitors the extent of
access to science and engineering postsecondary education
by underrepresented minorities and females.

Many of these indicators were informed by three com-
missioned reports about science and mathematics educa-
tion. These reports followed the Commission on
Excellence report of 1983 that brought renewed national
attention to the need to reform the elementary and sec-
ondary school system. The following section reviews the
recommendations of three of those reports in light of the
topics addressed by this volume.

INDICATORS FOR ELEMENTARY AND
SECONDARY EDUCATION

Three major reports were prepared during the 1980s to
define issues of concern to NSF—

0 Educating Americans for the 21st Century: A Plan of
Action for Improving Mathematics, Science and
Technology Education for All American Elementary and
Secondary Students so that Their Achievement Is the Best
in the World by 1995,

0 Indicator Systems for Monitoring Mathematics and Science
Education, and

0 Improving Indicators of the Quality of Science and
Mathematics Education in Grades K—12.

These reports suggested means for developing indica-
tors of science and mathematics education.

EDUCATING AMERICANS FOR THE 21ST CENTURY

The Commission on Precollege Education in
Mathematics, Science and Technology prepared a plan to

September 1984. This report said that objective measure-
ment of achievement and participation in mathematics
and science was necessary and should be performed. It

recommended that the'National Assessment of \

\Educational Progress:(NAEP), which began in 1968, be
modified to include assessment of states and the Nation
in order to monitor progress using the most up-to-date
testing techniques. The report writers’ assumption was
that the Nation’s best students ranked equally with those

of any other nation, but that the average American stu-


http://stis.nsf.gov/nsb/nsb.htm
http://www.ed.gov/legislation/ESEA/sec411.html
http://www.ed.gov/legislation/ESEA/sec411.html
http://www.nsf.gov
http://www.ehr.nsf.gov
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dent’s achievement was low compared with other
advanced countries of the world. Thus, the report
encouraged efforts to measure the progress of all students.
It recommended that certain skills be monitored, includ-
ing the ability to write for a purpose and apply high-level
problem-solving skills to analyze and draw conclusions.

Many of the policies that were implemented after the
report was released were consistent with these recom-
mendations. For example, in 1990, the NAEP began to
include state-by-state comparisons on a trial basis. These
comparisons became a regular part of the survey in 1992.
In addition, new forms of national testing were developed
to measure high-order thinking skills. Indicators’ devel-
opment also extended into monitoring the changes in
student achievement levels for students at high and low
levels of achievement.

No specific indicators have been developed for this vol-
ume to measure writing skills or the ability to analyze
information. Current performance assessment scoring
methods recognize these goals, but in practice, national
data collection strategies were still under development at
the time of writing the current report. Future reports
should be able to include reliable indicators of trends in
student performance of thinking and writing skills consis-
tent with the recommendations by the 1984 NSF
Commission from new survey information that is currently
being collected by the NAEP. The future analyses should
maintain a focus on how such new indicators would mea-
sure progress toward good practices, such as toward adopt-
ing the standards of mathematics and science and achiev-
ing greater equity of performance among students.

INDICATOR SYSTEMS

In 1987, the EB_A_I\_]p_(;qrpgr_agi_or_l:released Indicator
Systems for Monitoring Mathematics and Science Education.
This report sought to identify for NSF a set of indicator
systems that would allow monitoring of precollege sci-

ence and mathematics education. The report focused on

have major responsibility for collecting information on

all aspects of education. RAND’s report suggested that a

“patchwork” of existing indicators be constructed from

existing data sources (such as NAEP) and that develop-

mental research be undertaken to create better indicators

that could be used constructively by policy makers and

educators. Specific recommendations were that

0 an indicator system be developed both to describe and
to relate essential elements of the mathematics and sci-
ence education system;

01 key indicators be developed for both the national and
state levels;
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[] critical gaps in existing indicators and analytical meth-
ods be identified;

[ the amount and quality of data available on mathemat-
ics and science education be expanded;

01 studies be conducted to analyze the causes of observed
changes and suggest alternative policy implications;

[1 new measures on student achievement be developed to
measure knowledge such as the ability to think critical-
ly and apply knowledge in solving problems;

[1 new measures be developed on teacher quality, depth of
coverage, and scientific accuracy of the curriculum; and

[ procedures be developed to analyze and report indica-
tors that ensure that results are well reviewed and dis-
seminated appropriately.

The report suggested a general model for the specific
elements of an indicator system. This model was orga-
nized around inputs, processes, and outputs of school sys-
tems. The system identified student achievement, atti-
tudes, and aspirations as the main outcomes of schooling.
Process indicators were divided into curriculum, instruc-
tion, teaching, and school quality. Inputs included fiscal
resources, student background, and teacher quality. For
each of these areas, the report recommended 99 specific
to existing data sources. Additionally, RAND!recom-
mended that NSF develop state-level information and
create comparisons of different natures (across time, with
normative standards, with other countries, and with dif-
ferent populations). The report recommended that NSF
not develop its own expensive surveys, but that it devel-
op new measures for existing data collection efforts and
develop new measures from them.

Since the report’s publication, many of the recommen-
dations have been implemented. For instance, NSF
adopted this biennial indicators report with a defined

Department of Education land NSF has continued. This

has increased the amount of information available about
science and mathematics. In addition, the number of
state-level indicators has increased. However, these indi-
cators are not yet as well developed as the national indi-
cators because the sample sizes are too small to permit
comparison of change over time for each state. Therefore,
they cannot be reported regularly as evidence for change

within particular states. Finally, as the:r_R_zA_sI}H_D_:report rec-

ommended, researchers have performed some studies that

explore the causes of student achievement (DeAngelis. &

\Talbert, 1995, 'April; Miller, 1992, April;

native strategies for education policies. They are written
for the purpose of describing correlations between school-
ing experiences and student achievement.


http://www.ed.gov
http://www.rand.org
http://www.rand.org
http://www.rand.org
http://www.ed.gov/pubs/94TeachersGuide/NCES.html
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Since 1987, the amount of survey data for elementary
curriculum instructional techniques and assessments

Additionally, surveys of students and teachers in several

longitudinal studies have increased the information avail-

able about the science and mathematics topics that stu-
dents are exposed to in school. The general model sug-

gested in RAND’s report encouraged investigative models
of the effects of changes in curriculum and teacher expe-

rience to student performance.

IMPROVING INDICATORS

Recommendations in Improving Indicators of the Quality
of Science and Mathematics Education in Grades K—12 were

based on the premises that
edge and reasoning skills to be able to renew their
knowledge of science and mathematics throughout
their lives; and

0 student learning is determined by what teachers and
students do in schools.

The report, written by the Committee on Indicators of

Precollege Mathematics and Science for the National
Academy of Sciences, reviewed the needs of the educa-
tion system and recommended a series of topics that
required further development and monitoring. It recom-
mended seven key indicators and a set of supplementary
indicators to expand the issues.

The key indicators involved
0 learning among students,
0 literacy among adults,
enrollment in science and mathematics courses,
nature of classroom instruction,
teachers’ knowledge,
salaries of college graduates, and
quality of curriculum content in state guidelines and
materials.
The supplementary indicators involved
1 amount of time spent on science and mathematics
homework,
college courses completed by teachers,
teachers’ use of time outside the classroom for activi-
ties related to teaching,
materials used for instruction,
Federal financial support, and
resources committed by scientific bodies for school
improvement.
The report recommended that these 13 indicators
cover five areas: student learning, student behavior,

0 all students need to leave school with adequate knowl-

teaching quality, curriculum quality, and financial sup-

port. It recommended that

[1 an accelerated program of research and development
be carried out to construct free-response materials and
techniques that measure skills not measured with mul-
tiple-choice tests—these materials would help in the
development of indicators of learning in science and
mathematics;

U information be gathered on the number of minutes per
week that elementary students devote to science and
mathematics, as well as the number of semesters of sci-
ence and mathematics that secondary students take, to
develop indicators of student behavior;

U teachers be tested on the same content and skills that
their students are expected to master and that informa-
tion be gathered on teacher preparation, such as under-
graduate and graduate college coursework, in order to
develop indicators of teaching quality;

U exemplary frameworks of science and mathematics
content coverage be constructed for elementary and
secondary grades, with the highest priority given to
early elementary and middle schools, in order to devel-
op indicators of curriculum quality—the frameworks
would be used to match textbooks, state guidelines,
and materials, such as tests and exercises, to analyze
the content of the implemented curriculum for indica-
tors of content coverage; and

U a set of accounts be developed on the expenditures of
science and mathematics education from departments
and agencies of the Federal Government for indicators
of financial and leadership support.

This volume incorporated many of the recommenda-
tions in Improving Indicators of the Quality of Science and
Mathematics Education in Grades K-12, including using
indicators on learning among students, coursetaking,
nature of instruction, amount of time spent on science and
mathematics, courses completed by teachers, teachers’ use
of time outside the classroom, materials used for instruc-
tion, and Federal financial support. However, some recom-
mendations have not yet been developed into indicators.
The areas involve adult literacy, teachers’ knowledge, and
the number of resources committed by scientific bodies.

Some work is being done to remedy this situation. For
instance, measures of adult literacy currently are being
developed by NSE However, attempts to develop mea-
sures of teachers’ knowledge have been difficult because
of objections by the teaching community that teacher
assessment should not be a concern of policy makers.
Studies of resources committed to science and mathe-
matics education by government and nongovernment
sources have not yet been conducted. This is an impor-
tant area for future study. Other areas for future study are
discussed below.
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FUTURE DIRECTIONS

The publication of indicators of science and mathe-
matics education require reliable sources of data from ele-
mentary, secondary, and postsecondary institutions.
Typically, special data collection efforts are required for
specific subject areas of science and mathematics because
these subjects represent small components of a large educa-
tion system. The reports discussed in this postscript have
suggested mechanisms for integrating the existing surveys
of students and teachers into a systematic collection of
data. Such efforts could enhance the amount of informa-
tion available for science and mathematics education.

This indicators report has shown the value of integrat-
ing subject area topics into existing surveys, such as the
assessment of student learning, the measure of teacher
practices in the classroom, and the relationships between
secondary school coursetaking with field choice in higher
education. However, the development of indicators that
measure the issues raised by reform efforts will require
new efforts with new types of survey techniques. For
instance, monitoring of systemic reform efforts will
require indicators on
alignment among parts of the education system;
changes in governance;
number of community, business, and school partner-
ships; and
0 integration of elementary and secondary school systems

with postsecondary education.

In addition, new indicators will be required to

[ measure changes in student achievement, coursetaking,
and teaching practices for states;

0 show the relationship between planned and imple-
mented changes to elementary and secondary science
and mathematics curriculum, including adoption of
technology, as reform efforts continue;

0 measure coursetaking and course content within post-
secondary institutions;

0 monitor the science and mathematics literacy of col-
lege graduates; and

0 monitor the transition of graduates into the workforce.
Indicators will need to be developed specifically for

postsecondary education, because the sources of data con-

cerning students and faculty in undergraduate institutions
are limited. The issues of the quality of teaching and
learning in colleges and universities have been infre-
quently addressed in national reports that review the
condition of science and mathematics education. Few
data sources inquire about teaching practices or the con-
tent covered by students. Also, the quality of teaching is
infrequently covered in national surveys of higher educa-
tion or faculty.

NSF has asked the Grants Board of the American
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Educational Research Association {(AERA ), to map out a
strategy for developing indicators of undergraduate mathe-
matics education. The project is developing a conceptual
framework for indicators that will be useful in monitoring
the status of undergraduate mathematics education, espe-
cially with respect to assessing effects of the various reform
initiatives of NSE The project targets lower division pro-
grams for the entire population of students, not just those
majoring in mathematics. Concern is for the broad spec-
trum of public and private institutions including commu-
nity colleges, liberal arts colleges, comprehensive universi-
ties, and research universities. A national panel of experts
in undergraduate mathematics education and assessment
is expected to release a report in early 1996.

Undergraduate indicators are proposed for
[J curriculum and instruction—the content and pedagogy

of educational programs;

U student outcomes and assessment—what students
know about mathematics and how that knowledge is
assessed;

U student participation—the characteristics of students
served by mathematics programs; and

[ educational institutions and systems—the context
within which the teaching and learning of mathemat-
ics takes place.

The recommendations of the AERA committee will
form a useful basis for restructuring the current data col-
lection efforts for postsecondary education. New surveys
and strategies for expanding existing surveys may be
needed to provide a strong basis for continued monitor-
ing of undergraduate education.

CONCLUDING REMARKS

This biennial assessment of trends in science and
mathematics education has found that significant
progress has been made in the scope and analysis of
national surveys to monitor significant changes in the
educational systems of the United States. Yet, as efforts
to reform the elementary and secondary system expand,
new indicators of governance, partnerships, and align-
ment among various parts need to be developed, and
research on the measurement of learning of science and
mathematics must be extended into undergraduate educa-
tion. Future reports of trends in science and mathematics
education shall address the areas outlined in this post-
script. ™


http://tikkun.ed.asu.edu/aera/home.html
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