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Highlights

ince its establishment in 1950, one of NSF's mus-

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 mathemanics education pro-
grams gathered by Federal agencies, such as the National
Center tor Education Statistics. NSF analyzes statistical
information frem 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,
butlds on the agency’s leadership as compuler, 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, leaming environments, Jemographics, 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
Educational Progress (NAED), the Narional Education
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-

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
a number of prestigious organizations, such as the
National Council for Teachers of Mathematics, the
National Research Council, the National Science
Teachers Association, and the American Association for
the Advancement of Science. While differing in details.
the standards are consistent in providing guidelines for
instruction, calling for improvement in teacher qualifica-
tions and the leaming 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 widelv <ndorsed
set of specific goals, such as the following:
¢ All students should be expected to attain a high level

of scientific and mathematical competency.

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

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

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

& 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

As specttied in che Senate 1991 Appropriations Bill (HR 5153), this report 15 a congressionally mandated one:

*...In additton. the Commuttee expects the [National Science} Foundation to establish a bienmial science and mathematics educanion indicator
report. distinct from the science and envmeenng indicator report, that evaluates the progress of the United States in improving the science and math-
ematics capabtlity of 1ts students, and the effectiveness ot all Federal and State education programs as part of this process.
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collaborated on a number of systemie reform efforts that

entail a coordinated national initiative, as opposed ta

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

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

¢ 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 memarization of facts ur formulas;

# 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;

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

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

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

OBSERVATIONS

This report covers characteristics of elermnentary, 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-
tarv 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 protessional
education associations. For postsecondary educanion, the
selection of indicators monitors the extent of access to
scrence and engieering 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 aftect student achieve-
ment. For example. the proportton of all parents who
had recerved at least some college educatton increased
from 25 percent in 1970 to 49 percent in 1993. (Sec
tigure 1-5.) The trend held tor white, black, and
Hispanic parents, although 1n 1993, parents of
Hispanie students sull had less educarion than parents
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of white or black students. Additionally, the propor-
tion of families with children younger than age 18 liv-
ing with only one parent increased from only 13 per-
cent in 1970 to 30 percent by 1993. (See figure 1-6.}
A+ rhe same time, students were more likely to be liv-
ing belo. the poverty level; the proportion of stu-
dents between 6 and 17 vears old living in poverty
rose from 14 percent in 1970 to 20 percent in 1993.
(See figure 1-7.)

Student achievement 1n both science and mathemat-
ics, as measured by the NAEP trends, has increased
since 1977. Although increases do not occur every
vear, they are clearly observable for studen:s 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 1n 1992. (Se«
figure 2-12.)

Sharp differences in student mathematics pertor-
mance among states in the United States match dif-
ferences among countries. A companson of interna-
tional and state proficiencies shows, for example.
that eighth-grade performance in the highest ranking
states (lowa, North Dakota, and Minnesota) was the
same as 1n the top-performing countries (Taiwan,
Korea, and the former Soviet Union). while perfor-
mance n the lowest performing states was about the
same as in the lowest performing countrnes. (See tig-
ure 2-19.)

Overall, students in the Midwest had the highest
NAEDP mathematics scores, and students in the
Southeast had the lowest scores. (See figure 2-19.)

CURRICULUM TRENDS

High schouls 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 vears of mathematics in 1974, almost
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90 percent of states had that requirement in 1992,
(See figure 3-1.) However, requirements 1n all states
rematn below the 4 years of science and mathematics
recommended by the national standards.

Increasing proportions of high school students
recerved instruction 1n science and mathematics in
the past 10 years. (See tigures 3-4, 3-5, and 3-6.)
Also, elementary students spent more time in class
studying science and mathematics. (See figure 3-2.)
Between 1982 and 1992, feinale and male high
school graduates had earned credit 1n all science and
mathematics courses at abour the same rate, except
in physics, where rates for males significantly exceed-
ed those for females. (See figure 3-4.)

Substantial differences in coursetaking existed among
students in various racial and ethnic groups. (S = fig-
ures 3-5 and 3-6.) For example, while about the same
proporton of white, black, and Hispanic high school
graduates had earned credits in biology and introduc-
tory algebra in 1992, a significantly iugher 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,
creating a more heterogeneous environment. (See
figure 3-8.) Whatever may have stimulated this
change, 1t 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.

TEACHIZIRS

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
teachers of grades 1 through 8 have completed at
least one college course in the biological, physical, or
earth sciences. {See figure 3-22.)

Less than 30 petcent of elementary school teachers
say they feel well qualified to teach life science, while
60 percent feel well qualified to teach mathematics
and close to 80 percent feel well qualified to teach
reading. (See figure 3-28.)

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-

ments. However, science and mathematics teachers
are using more “hands-on” activites. 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 actwvities in their
most recent lesson. (See figure 3-20.)

POSTSECONDARY TRENDS

As the value of pustsecondary 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
sex, race, or ethnic orwgin. (See figure 4-2.)

During the 1980s, despite decreases in the popuiation
of college-age youth, the number of bachelor’s degree
recipients increased markedlv. 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. (See figure 4-16.)

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
text table 4-1.)

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-
ing master’s degrees and 23 percent more science and
engincering doctoral degrees. (See figure 4-18.)

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 ficlds has remained flat or declined. (See
appendix table 4-18.) 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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hetween 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.

& 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
figure 4-29.) Similarly, although the number of
women teaching in U.S. postsecondary institutions
increased markedly, females account for only about
15 percent of faculty in the natural sciences and only
about 6 percent of engineering faculty (see figure 4-
30); they make up about one-third of all higher edu-
cation faculty. W
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Infroduction

he Senate 1991 Appropriations Bill (HR 5158)

mandated that the National Science

Foundartion {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
2nd mathematics education has changed in the past few
years and how it is changing today. Furthermore, the
report uses a num"er 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 akout science
and mathemartics education are extracted from existing
studies and surveys of education. In sorie cases, chapter
authors have conducted secondarv azialyses 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 dara for many important
topics of concem 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 1dentity 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 svstem—the bottom line of
the system's health.

THE CONTEXT FOR THIS REPORT

The changes 1n 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 callege graduates. This section provides
a summary of some of the recent events in policy, fund-
ing, and demographics that the authors considered as

they selecred 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
emphasis on the promotion of excellence and equity for
all U.S. students. {See Chapter 2.)

One initiative to deal with excellence and equity
issues was the creation of a set of National Education
Goals to be achieved by the year 2000. One of these
goals stresses the importance of science and mathematics
educarion by challenging school systems to make U.S.
students’ science and mathemarics 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 information 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 adopred by educators throughout the
United Stares.

SYSTEMIC REFORM
Systemic reform 1s an approach to educational change

hased on the premise that achieving excellence and equity

will require more than precemeal attacks on the education-

al svstem. Three elements are central to systemic reform

(O'Dav & Smith, 1993):

¢ 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 wer
resources and strategies of curriculum implementatior.
Svstemic reform efforts include more, however, than

just i viston of change in classroom nstruction. They

+ 1nvolve the community and the public in promoting
change by encouraging partnerships among the sectors
of education institutions and among parents. business-
e~ and the community to develop guals tor students;

Q 21
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& otteran enhanced role tor whar hos Feen called “mstor
mal saence” learnmg experienc es-—muscums, parks,
and radio and televisiod, crc—mmprovine the edu-
cattenal sesteny;

¢ ane professional development enhanced promimence.
with the idea that such development s important for
Al actors m the educatnional enterprise: and

& view the elementary and secondare swstenn as meeerally
related 1o the postsecondary sestes: Both communi
colleges and 4-vear mettutions are mvolveh
Svstemie retorm etorss cliphusize an ahenment among

parts, witly constaent and coherent policies, mstructional

pracrces, and assesmenis. Forinstancee, instruction i

clemeniary grades should be articulated woh thar ot see-

ondary grades. and mstruction m elementars and see-
andary schools should prepare students 1o succeed both
mthe , astsecondary education environment and as new
entrants to the worktoree.

The viston thae torms the tonndation tor sustemie
changae orces educators te expand the detimrtion of
excellence. Tt consders new components, as well as the
extent of ahgnment of the components toward @ common
aoal. Manv of the necessary mewsurements of alignment
are not curreathy available. Those that could be identitie.d
are shown i this volume, especially i Chapter 3.
Further development of appropriate indicators must be
continued to mprove measurements ot the conditions
that attect the health of the entire «whool svstem.

STANDARDS

standards tor teachers and studentes thar were devel-
oped by natonal professional societies play a prvotal rote
i sstemue reform etfores, Indeed, the deseripti ot
mstruction and learning portraved in boea the wience
and mathematies standards 1s one that is ar the heart of
sstemnie change etiorts.

The Noatonal Research Counctl, representing the s¢i-
cnce community, is developing science standards, build-
ing on the Amertcan Association tor the Advancement
of Scrence's Project 2061 and the Natonal Science
Teachers Awoctations The Content Core. The National
Counctl for Teachers of Mathematies developed standards
that were published m 1989, 1991, and 1995, Both sets of
standards call tor changes in teachmg methods, reacher
preparation, the learnime environment, and the sestem’s
expectations of all students,

These standards are not merely o restatement < the
status guo. They stress hich levels of science and mathe-
maties competency. Thev call for o ditferent hind of
mstriction, ephasizing depth of understanding over
breadth of coverage and instruction to promote problem
solving. In addition, the role ot the teacher becomes one
ot coach or model- - wirh studenes expected 1o engage m

hands-on, maqury-based Teammae —rarher than purvevor
ot knowledee, The prnciples srthin the standards are
widelv accepred by Teaders of the education assoctions
to provide a path to excellence.

ASSESSMENT

Assessient is atool that not only measures, but also
Jdrves, instruction. As such, educators consider 1t a et
cal partor the reachine and learnimg cvele. The tepes of
assessinent used i schools thraughour the country have
beaun 1o chanee inrecent vears, Experiments and
research are underway 1o develop new testing strateares
that require more problem solving and active engagement
on the part of the students, This new generation of tesis
v expected to conrtbute 1o more demanding educa-
tonal sestemy i waorch all sodents are expected o be
competent i solving problems as well as knowing facts.

FEDERAL FUNDING

One of NSFS missions is 1o provide research., guidance.,
and support tor science and mathemares education i the
United States. NSF provides tunds o support eraduate
and undergraduate students i specitic science and eng-
neering frelds, and prmary responsibility tor educational
programs at NSF 1s vested in the Directorate tor
Education and Human Resources (EHR). Since the
1980s. EHR has grown rapidly, largely propelled by
Increases in programs for elementary and secondary educa-
tion. Althaugh EHR spent onlv 22 percent of its budget
on elementary and secondary education programs in 1980,
it expended aboue 57 percent of 1t budget on these pro-
gramsan 1994, (See figure 1-1and appendix table 1-1.) A

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
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Funding for sectors of education by the NSF Directorate for Education and Human Resources (EHR): 1980 to 1994
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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
state and local government expenditures for science and
mathematics education, changes in Federal funding may
provide useful indicators of changes in national priorities.
NSFs financial contribution to education represents
about one-tourth of the total Federal investment in sci-
ence and mathematics education. Other funding sources
are the departments of Education, Health and Human
Services, Defense, Agriculture, Commerce, Energy, and
Interior; the National Aeronautics and Space
Administration; the Smithsonian Institution: and the
Environmental Protection Agency. (See figure 1-2 and
appendix table 1-2.)

DEMOGRAPHICS

Even as educators have continued to search for new
ways to enhance excellence and equity during the past 2
decades, the demographic context of the educational sys-
tem has changed. Several of the changes that occurred in
the past 2 decades are ones that directly influence perfor-
mance of U.S. students. Since most of the indicators in
this volume are averages of a diverse population distrib-
uted over 50 states, thev reflect important trends, such as
changes 1n immugration patterns; however, because some
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Budget obligations of 11 Federal agencies
for science and mathematics education: 1994
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INTRODUCTION

demographic changes occur dow v, they have hineed
mtluence on education mdiators.

ELEMENTARY AND SECONDARY

Berween 1970 and 1985, the size of the elementary
ind secondary population dechned. In 1955, 11 beean
mcreasing azain. During this peniod, racial and echne
diversiy nereased <hightly withim the elementary and
secondars school population. By 1993, the white popata-
ton was Lo percent smaller than i had been i 1970
The Black population was about the saime sze as m 1970,
md the population ot sther races, mosthy Asian, grew.
The Hispanie population increased v 2 nallion stu-
dents, or about two-thirds, berween 1973 —when it was
st measured—and 1993t about 12 percent ot the
clementary and secondary populition. (See tieare 1-3
nd appendix able 1230

Correspending to the ncrease i the Hispanic popala-
fen waas an mcrease i the number of children who Jid
not speak Enchishin the home. (See trenee 1.4 and

FIGURE 1-3

Number and percent of students enroded in
grades 1-12, by race or ethnic origin: 1970 to 1993
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appendin tible T4 Between 1950 and 1990, the num-
ber of dildren who spoke a linctase ather than Enelish
at home mereased from 4.3 million o 6.3 mithon, or
trom ¢ percent to 14 percent of all chuldren. [n 1999,
st under T mulhon children, aboae 2 percent of atl chil-
dren, reported that they did not speak English well or ae
allo A Tugher percentage of children who spoke a1 Lan-
guage other than Engli<h at home reported 1o thie Census
Bureaw that thev speak Enclish very well. However, this
change v the number ot children who normally spedh
langage other than Enelish at home was not Liree
enongh to have anv dramanie ettect on the mdicarors of
stident pertormance presented in this volume.

Overall, elementary and secondary studentes of all races
and ethnie ongins were more likelv in 1993 than i pre-
vious vedars o have parenes with hicher education levels,
(>ee fieure 1-5 and appendix table 15 Berween 1970
1993 the proportion of parents who had recened ar least
some college educanion increased trom 25 percent to 49
percent. However, 1993, onlyv 37 percent of hlack 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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FIGURE -5
Education level of parents of elementary
or secondary school students, by student
race or ethnic ongin: 1970 to 1993

All students

22 percent of Hispanie parenis had receved ar least some
cotlege educanion. About one-halt of the increases in the
proportion of students who pertormed ata basie level on
the Natonal Asessment ot Educanion Provress hetween
1982 and 1992 can be attrtbuted o the overall increase in
parental cducation levels (See Chaprer 20
[n 1993, students ot any race vr ethiie ongm were

more fikely to be members of one-parent tamilies. (See

3w ) nieure -0 The proportion of one-parent familhies
2 Any coneqge A ~ ..
2 increased trom 13 percent i 1970 10 38 percent i 1993
M e et m 199363 percent of black famihies had only one par-
o e Tt~ ent. (e appendin table 1o Clearky schools canono
O-11,ears 0" sencor longer assume that children have parents at home o
S, a8 Cwe monitor school acuvities.
s Arop o hvine v
Whito Students The propertion of children iving in timilies wath
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INTROQDUCTION

bving in tonihies with incomes below the poverty level
did noticrease substinually during this period. i
remamned high-—ar abour 43 percent. Hich or increasimg
levels o poverty tor varous populations could have a
negatve intluence on educational excellence and equty.

POSTSECONDARY

Somewhat less raciab and ethnie diversity exsts among
the cellege populanion than the clenmentary and see-
ondary popnlation, and diversity among postsecond.in
students us not chuneed wreathy i the past decade.
Between 1970 and 1993, the proportion of studenas
corofled in collewe who were white decreased. (See tieare
-8 and appendix rable 123 The proportion of black stu-
dents hasinereased little since 1973, when e reached 10
percent. The proportion ot studenes of other races and of
Huispanic onain cach inereased o about 7 percent of stu-
dents enrotled in college by 1903

THE ORGANIZATION OF THE REPORT

This report considers changes i science and mathe-
maties education in the United States wich repard to
excellence and equiry within the educational sysrem. The
data are presenred i three chapeers, tollowed by a con-
cluding chapeer:

Chapter 2 provides an update on the achievement of
students, looking at overall changes i achicvement and
differences by sex, race and ethnic ongin, and regron.
The chapter reports some “good news,” in terms of excel-
lence and equity; however, many questions remain.

Chapter 3 considers the characteasties of the elemen-
tary and ~econdary educational svstem, examining the
adequacy of teachers, curnicula, and resources n highe of
what the scrence and mathematies standards have pre-
sented as 4 gutding vision for science and mathematics
instruction. These dara provide the basis for both celebra-
non and concern. These analvses also highlight areas
where wmtormation s shim.

Chapter 4 looks ar postsecondary education. Tt consid-
ers how well the watem o producing students who are
adequately prepared for the science, engineering, and
technology workforee. This chapter exanunes e ity
terms of saientitic hteracy. [t also considers how U9 S, stu-
denes tare compared with students from other natons.

Chapter 5, the condluding chepeer, contns additional
retlections, not as much on wher the indicators av, but
on what the present svstem of mdicators does not sav.
The chapter returns to pohicy ssues and suggeses erineal
themes that researchers should pursue m the futare. B

Percent of cinidren

FIGURE 1-7

Percent of white and black children ages 6~17
below the poverty level: 1970 to 1993
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FIGURE 1-8
Race or ethnic origin of students
enrolled in college: 1970 to 1993
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8 INDICATORS OF SCIENCE AND MATHEMATICS EDUCATION

ENDNOTES

As specified in the Senate 1991 Appropriations Bill
(HR 3158), this report 1s a congressionally mandated
(ne:

“_In aadition, the Commuttee expects the {National
science] Foundation to establish a biennial science and
mathematics education indicator report, distinct from the
«ctence 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
efiectiveness of all Federal and State education programs
as part of this process.”

‘Calculated by deriving the percentage of students
achieving basic levels 1 1982 and 1992 for each educa-
tion level of parents and adjusting the education of par-
¢nts to a current population.
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Achievement in Science and Maihemarics

hievement tests provide kev imtormanon about

trends m science and mathematies education—

such as how ~tudents are domg m mathematies
and scrence. whether student pertormance 1~ improving,
whether students of all races and ethnie ongins are ~scor-
e equatly welloand whether any ditterences exist
Retween the scores of males and females. This intorma-
ton provides a4 usetul measure of educational progress,
cven thoush the tests examime only . traction of stu-
Jents knowledee and tend to retlect older notions of
mathematics and ~crenee. such as reaitation of fact rather
than Jemonstraton of pertormance.

This chaprer examines academie achievement m sci-
ence and mathemaries ot vartous groups of students—
whites and mmornties, males and temales, students in var-
ot states, and students trom other countries—as a basis
tor discussion of elementary and secondary science and
mathematics education in Chaprer 3.

DATA SOURCES FOR THisS CHAPTER

The National Assessment of Educational Progress
(NAEP) tests are the primary source of :nformation
about educational achievement in the United States.
NAEDP 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-
tages are that the test items, which remain consistent
aver time to show trends, may not adequately capture
current classroom experiences and that the tests use
small sample sizes, especially for black, Hispanic, and
Asian students.

Longitudinal measures of student achievement <om-
plement the conclusions drawn from NAEP results.
The National Education Longitudinal Study (NELS)
program is a conti..1ing 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
are not available from NAEP, including information
on student background and detailed and reliable mea-
sures of family background. The drawback of these lon-
gitudinal surveys is that the measures of student perfor-
mance are much shorter, hence less reliable, than

those in NAEDP. @

31

ACHIEVEMENT OF STUDENTS BY RACE
AND ETHNIC ORIGIN

Over the past 15 vears, student achievement on the
National Assessment of Educational Progress (NAED
sarence and mathematies tests Gee sidebar on data
soutees) has improved slightly for all ages and racial and
ethnie groups. (See tigures 2-1 and 2-2 and appendix
tables 2-1 and 2-2))

The percentage of vhite students who scored at or
above “haste pertormer ce” levels, at all ages and tor both

FIGURE 2-1

NAEP science and mathematics proficiency,
by percent of students at or above
anchor point 256 and age: 1877 to 1992
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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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s ancreased somewhat less
between 1977 and 1992 than the percentage of black and
Hispanic students sconng that well. Results of the 1992
NAED science test showed that

o the percent of 9-vear-old students who scored at 200 or

~crence and mathen.

above mcreased by 24 percentage paints tor black stu-

Jents, 14 percentage points tor Hispanic students, and

9 percentage points for white students since 1977;

o the percent of 13-vear-old black students scoring at
250 or above increased more slowly between 1977 and
1992 than the percent of white or Hispanic students
scortng at this level; and

& the scores of 17-year-old students of all races and eth-
nic groups tncreased more slowly since 1977 than the
scores of vounger students.

Results of the 1992 NAEP mathematics test showed that

& the percent of 9-year-old students who scored at 200 or
above increased by 15 percentage points for black stu-
dents, 11 percentage poines for Hispanie students, and
11 percentage paints tor white students since 1978:

& the percent of 13-vear-old students who scored at 250 ar
above increased by 22 percentage points for black stu-
Jents, 27 percentage points tor Hispanic students, and
12 percentage points for white students since 1978; and

& the percent of 17-vear-olds who scored at 300 or above
increased by 13 percentage ponts for black students,
16 percentage points for Hispanie students, and 9 per-
centage points for white students since 1978.

The increases berween 1977 and 1992 represent a
laroe change tor significant proportions of the student
population. While considerable differences m achieve-
ment reman amone white students and students ot other

INDICATORS OF SCIENCE AND

MATHEMATICS EDUCATION 1995

races and ethnie groups, those ditferences are narrowing
over time.

NELS SCORES SUPPORTING NAEP DATA

Increases in mean scores of all students on the National
Educanion Longitudinal Study (NELS) tests generally sup-
port this upward trend 1n the achievement of all students
and the narrowing of the gap in achievement scores of stu-
Jents from vartous races and ethnic groups. Among all
eighth graders, trom all races and ethnic groups, NELS
mathemarics test scores rose significantly between 1980
and 1990—from 33 in 1980 to 36 in 1990. The mean
scores of black and Hispanic students increased 4 points.
The mean scores of whire students increased 3 points; the
mean scores of Asians increased 1 point.

Even among students of the same soctoeconomic sta-
tus, large differences remain between the scores of Asian
and white students and scores of students of other races
and ethnic ongins. (See figure 2-3 and appendix tahle 2-
3.) Attempts to explain why these gaps persist, even
among students of the same socioeconomic status, gener-
ate a great deal of controversy. Some authors cite cultural
differences; others point out the difficulty and impreci-
ston entatled in applying measures of socioecononue sta-
tus across ethnie groups or the effects of barriers erected
by a majoniey soctery (Ogbu, 1994).

Locus OF IMPROVEMENTS

Most of the progres n average achievement scores can
be attributed toan 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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seormy students, Both scrence and mathemanes achieve:
ment scores of black and Hispanie studenes m the Sthoand
23th percentiies increased stemiticantls etween ihe Lire
(9700 and 1992, For example, the achievement lfevel o
3ovear-old Black students sconng at the 5th percennle n
mathenuatcs mereased 17 pereent between 1975 and

FIGURE

SCIENCE AND MATHEMATICS 17

1992, <uularh., the achievement level of Fivear-old
Hispanic students scorng at the Sth percentide mereased
IS percent Jurimg the same peniod, and the achievement
level ot 13vear-old white students scoring at the Sth per-
centile increased 9 percent. (See ficures 24 and 2-5.)
The achievement level of b students, of every race or

2-4

NAEP mean science score percentile distributions: 1977 to 1992
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FIGURE 2-5

NAEP mean mathematics score percentile distributions: 1978 to 1992
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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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ANALYSIS OF INDIVIDUAL NAEP ITEMS

An examinaton of student pertornance on mdividual
NAED mathematies test items provides a detailed Took ar
rrends mstudenr achiievement. Between 1973 and 1997,
wdents made dramatic progress on some kinds ot test
ems (e tzgres 26 and 2270 Inpartnculan V- and 13-
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FIGURE 2-7
Percent of age 13 students answering NAEP
mathematics questions correctly,
by race or ethnic origin: 1978 and 1992
Interpret data in bar graph
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unproved therr scores on ttems that required reaa.ng and
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a i 19780 A recent emphiasis on graphing and charung
i clementary schools could help account tor these gams.
Among all s tudents, achievement also increased signit-
icantly on stems involving the use of computational
Kalls, such as subtracting whole numbers and converting
tractions to decimals, and knowledee of basie geometry.
Retween 1976 and 1992, NAEDP mathematies achieve-
ment dechined on only a few irems (10 pereent of the
published 1tems), such as solving number sentences, relat-
ing parts to the whole, estimating metric measures, and
appiving the concept of inequaliey (Mulhs et al, 1994).

STUDENT ACHIEVEMENT
IN MATHEMATICAL PROBLEM SOLVING

Problem solving s a critical skiil in mathematcs. To
tap students” achievement in this area, the 1992 NAED
mneluded two types of question formnat, in addition to mul-
tiple-choice items:
¢ ~hort constructed-response guestions that asked stu-

Jents o carry out a calculacion and write an answer,

examine a situation and deseribe why one alternative

or another wds correct, or measure or draw a geometric
treure given some boundary conditions; or

¢ oxtended constructed-response guestions that provided
students the opportunity to express mathematical ideas

and demonstrate the depth of ther understanding of a

problem (Dassey, Mulhs, & Jones, 1993).

Few students of anv race or ethnie origin demonstrated
proficiency 1in mathematical problem solving by correctly
answering the more chatlengine, extended constructed-
response questions of NAED (See tigure 2-8 and appen-
Jix rable 2440 Black and Hispanie students’ scores were
lower than white students on all of these auestions, espe-
cllv on questions that required sophisticated kinds of
problem solving skills. The gap was most proncunced on
anestions that emphasized application o real-hite settmas

PERFORMANCE OF COLLEGE-BOUND STUDENTS

Although the population of Ts-vear-olds dechned
hetween 1957 and 1993 the number ot students takime
collere preparation tests remamed abour the sune. (See
< bar about entrance exaninanens and figure 2-9.)
Cie reason was that increastng numbers of fenude and
minortty students took the < xannnatrons. Females took
me re than halt of the Scholastic Aptitude Tests (SAT)
and American College Tests CACTY administered durimg
the past few vears In 1993, 27 pereent of SAT rest takers
were minorties, compared with 21 percent m 1987
(Colleee Board, 1957 & 19931 Abaat 3¢ percent of sae
Jdents tahmg the ACT i 1994 were mmorttie
Amertcan Colleee Testing, 1994

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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SCIENCE

On the 1993 ACT scrence reasening section, the
mean scores of students trom various races and ethinie
croups ranged widelv. The mean score of Asan students
wias considerably hugher than the mean score of white
students, and the mean score of all ather minoniey groups
was consderably lower than the mean score of whate stu-
dents (=ee tigure 2418 The ACTS wience reasonimng
section s designed o measure students mterpretanon,
bl cviluation, reasonimg, and problem-solving
kil i the natural ~crences. The AT Jdoes not huve o

SCICNCE sedtion.

MATHEMATICS

Between 1957 and 1993, the mean scores on the math-
cinaties section of the SAT and ACT increased tor <u-
dents trom all races and ethnie eroups. For example, the
mean ~score of all studenes takine the SAT inereased 2
pomts Jurine this period, whide the mean score ot black
students inereased 1T pomes (College Board, 1987 &
1993). With the exceprion of Asan students, the gains
on hoth tests within cach race or ethnie group represent
1 decrease in the percent of students ~coring at the lowest
fevels and little or no change in the percent of students
scoring at the highest levels, (Sce tigure 2-11.) This find-
ing 1~ consistent with the pattern tor NAED scores.

Large gaps remain between the SAT and ACT mathe-
matics scares of studenes from various races and ethnie
groups. Asan students score considerably higher than
white studenrs on hoth tests, and all other minoriey
groups score considerably lower than cither Asvan or
white students.

fn 1993, Mack stndenes had the Jowest mean score
(388) on the mathematies section ot the SAT, with the
Lirgest percentage of students scoring below 400 (57 per-
cent) and the smatlest percentage scoring above 600 (4
percent). In tact, onlv &5 percent of black students (479
students) ~cored above 708, and only Q.1 percent (103
students) scored above 730 A~ low as these percentages
are, they represent improvement-—iny 19587, 63 percent ot
black students scored below 400 (College Board, 1987 &
[993). The trends among Hispanie students are smular.

The scores of Asian students unproved berween 1987
and 1993, especallv among top-scormg students. In
1993, Astan students” mean score on the mathematies
section of the SAT was 335, up trom 321 m 1987, The
proportion of Astan students scoring above 60 increased
tfrom 32 percent in 1987 to 36 percent in 1993, The per-
centage of Asan students with «cores over 750 increased
from 3.3 percent {1945 students) to 5.4 percent (4,276
studenis Y i this wime period. The scores ot white stu-
denes changed vers ietle between 1987 and 1993,

COLLEGE ENTRANCE EXAMS REVEAL
TRENDS ON COLLEGE-BOUND YOUTH

The S:holastic Aptitude Test (SAT) is a rich
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)
and 1993.

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. M

FIGURE 2-9

18-year-old population compared with number of
college preparation test takers: 1987 and 1993
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FIGURE 2-10
Percent of students earning each standard score
in science reasoning on the ACT, by race or

FIGURE 2-11

Distribution of SAT mathematics scores,

ethnic origin: 1993 by race or ethnic ongin: 1887 and 1993
White White
Vs 140 600
1 120 00¢
10 £ 100000 -
< .
°
8 280600 .
= °
z 6 g 6000
¢ £
24 3 40000
3,
2 i I I l 20000 \
1111 I I | 1 o
10 11 12 131415 16 17 18 19 20 21 22 23 24 25 26 27 28 22 30 3¢ ToiaDoInc 300 350 200 45T SO0 50 600 €07 TOn Tac
Standard score Score
Black Black
A 25006
2
29 00C
- £
3 15000
7 8 z
% °
z 6 & w0
& s Z
I I £ 00¢
2
: Al II : :

"-'-
ra
3 =
ra
]
W
8 m
w m

011 1213131516 17 18192021 2223 242525
Standarg score

Mexican-American Mexican-American
i 6 COC
Pl .
. p
2 000 R IR

Ii Lo
€ B
,||“ Ill |||||

STETRCRTTIBIG 2020 2223242
Sanaard sene

TR0 D1 222324252407 082930

lardarg score

Asian

o3

-~

ot of wludente,
n

P
"

Score

3
O

ERIC

Aruitoxt provided by Eic:




UL LT LTy

O

ERIC

Aruitoxt provided by Eic:

ACHIEVEMENT

Heecn t

ot et

o

FIGURE

2-12

IN SCIENCE AND MATHEMATICS

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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ACHIEVEMENT OF STUDENTS BY SEX

Between 1977 and 1992, lietle difference existed
betw ron the NAEDR science scores of elementary males and
females; however, duning thas period. males in niddle and
lgh schouls ourscored temales. (See tigure 2212 on page
33 and appendix tabie 2-5.) For example, 9 percent more
P vear-old muales than 17-vear-old females scored 300 or
more on the 1992 NAED science rest Notably, this differ-
ete was less thanin 1977, when 14 percent more 17 vear-
cld mudes than 17 -vear-old temales scored 300 or more.

Retween 1975 and 1992, males and females in elemen-
Lry and nuddle schools scored equally well on NAEP
and NELS nuathematies tests. (See figure 2-12 on page 23
and appendix table 2-6.) Duning that period, the differ-
ence between the NAEDP mathematies scores of males
and remales i high schools narrowed considerahly.

In contrast to the pertormance of male and female stu-
Jents on NAEDP and NELS mathematies tests, temales
wore signttcantly lower than their male counterparts on
the mathematies portion of the SAT. (See higure 2-130)
For example, in 1987, the mean score for all females tak-
me the SAT was 47 pomits lower than the mean score for
males—433 versus 5300, Although the mean score of
temales rose shghtlv by 199310 was still 45 points lower
than the mean score of men—4357 versus 502.

Furthermore. temales are overrepresented in the lower
end of the scale and underrepresented i the high end of
the seale T 19930 while only 22 percent of mates scored
belw 402, 32 percent of temales did. Converselv, while
25 pereent of males scored over 688, onlv 13 percent ot
tetales did That same vear less than &1 percent ot
manenn temales scored over 75¢

o the ACT saence reasonimg test, males scored 6
retcent hicher than remales m both 1991 and 1994, On
the ACT mathematios et nuales seored 0 percent higher
thon remales i 1994 and 7 percent hicher i 1998
camcene i Collece Testng, 1994)

FIGURE 2-12

Distribution of SAT mathematics scores, by sex: 1993
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STATE, REGIONAL,
AND INTERNATIONAL ACHIEVEMENT

NAEP mathematies scores for white students in some
southern states and Appatachia are significantly Tower
than scores tor staular students i the rest of the country
(See sidebar onstare NAED scores)) For example, the
mean NAED mathemarics scores of 13-year-old white stu-
Jents range trom 260 m West Virginia to 284 in North
Diakota, Minnesoto, and fowa. (See figure 2-14) The
scores of 9-vear-olds follow the same pattern. The pattern
tor the mean scores of Hispanie students 1s also similar.
(Sec figure Z-15.)

The mean scores of black students do not vary region-
allv in the same pattern as the mean scores for white stu-
Jdents; indeed. tew staustically sienuficant differences exist
among scores of black students m ditferent parts of the
countrv. (See figure 2-16.) The mean scores of 13-vear-
old black students in states where white students attan
above-average scores, such as New York, Calitornia, and
Michigan, are about the same as the mean scores of 13-
vear-old black students i states where whites show
below-average achievement, such as Mississippi and
Tennessee. None of the average scores of black or
Hispanic students 1s as high as the lowest average scores
for white students.

On the International Assessment of Educational
Progress (IAEDY, which was administered in 1991, ULS.
students scored rather poorhy. (See sidebar on JAEP)
Maost alarming were striking differences between the
scores of 9- and 13-vear-ald students, especiallv in sar-
ence. which suguest that U8, students do not recerve the
same tvpe of saience and mathematies education berween
aces Vand 13 as tharr foreren counterpares.

Althoueh Yavear-old studenis i the United States
carned competinive scores on the TAED 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 exami ed. W
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FIGURE 2-14

Mean scores of 13-year-oid public school white students on NAEP mathematics test: 1962
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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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FIGURE 2-16

Mean scores of 13-year-oid public school black students on NAEP mathematics test: 1992
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IAEP ALLOWS
INTERNATIONAL COMPARISONS

The International Assessment of Educational -
Pragress, conducted in 1991, was an international
compartson study of mathematics and science
achievement—20 countries assessed science and
marhematics achievement of 13-year-old students; 14
countries assessed science and mathematics achieve-
ment of 9-year-olds. The darta in this chapter for 9-
vear-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
important political and economic collaborators”
(Dossey et al., 1994). International data must be
interpreted with particular caution, given differences
in student samples, curricula, languages, translations,
and testng practices {Bracey. 1991). &

FIGURE 2-17

IAEP science scores for selected countries at 5th percentile, mean, and 95th percentile, by age: 1991
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1 3-vear-old students pertormed poorly relative o those
ather countries. (See tigure 2217 and appendix table 2270
Overall, Yavear-old studenes ranked chird, wath an averaee
ot 63 percent of gquestions answered correctly. Korea, the
TOP-SCOTING COUntTy, answered an average of 68 pereent
carrectly. The mean score of ULS. Y-vear-olds at the 93th
percentile wis 1dentical to the score of Korean students at
the 95th percenule; onlv students in Taiwan averaged
higher scores. US. 9-vear-olds scored above the interna-
nonal average m each of the content areas measured by
the ety cluding hite seience, earth and space science.
and rhe nansre of science, except phyvsical science.

Among 13-vear-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-
tormed ULS. students who scored at the Sth percenuile.
Us 1 devear-olds scored Below the internanionat averagee
in cach of the content areas measured by the test except
the nature of science.
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Onthe TAED marthenaties tese 9= and F3svear-old
~tudents m the Usnited Stares scored Tower than stadents
from mest - ther countries, (See tizare 2 TS and appen
Jixcrable 25 Ot all countries i the sample, Y vear-olds
i the United States scored second lowest. Thevy
mswered enlv 3% percent of questions correct v Karean
students =-who were the top pertormers—answered an
verage of T3 percent of guestiens correctlvs Moreover,
UXostudents who scored at the 95th percentile scored 3
1o percentage pomts lower than thar counterparts m
the top-seorme countries. US studenes o the Sihoper-
centile pertormed worse than students i alt countries
except frelind, USo13svear-olds scored worse than sta-
Jdents i any other countre on the mathematies pornon
af the FAER: thev answered ondv 35 percent of questions
correctly.

Loscvacar-olds pertormed Below the mrernanional
average mall reas except dataanalvsis tatstics, and
probabithoy U Plavear-old students pertormed below
the miernnonal averace on most ot the areas measured

Ithe testomcludime numbers ind oparinons: measure-
ment; ceometry, data anabsis stanstios, nd probabiling
and aluelhra and tunctione.

When . special seudy ranked NAER and TAED mathe-
matics ~scores together, a starthng picture ot the diversin
within the United States emeraed. (5ee nigure 24190
students mthe highest pertorming states—lawa, North
Dakora, Minoesota, Mame, and New Hampshiee: —yer-
tormed At the same level as students in the top-pertorme-
iy countrics— Tawan, Koreas Sovier Umon, and
switzerland. Furthermore, the students my the lowest per
tornung states—Alabane Lot and Misassappi—
pertormed ar the same level s students in the lowest per-
forming country—Jordan.

Moreover, the ranee of scores withim cach stare was
ereater than the range of scores within most countries,
Thus, the top-pertormimnge students within some states
score higher than the tope-performme students i many
countries, and the lowest pertormme students score lower
than the lowest pertorming students in many countries.

FIGURE 2-18

IAEP mathematics scores for selected countries at 5th percentile, mean, and 95th percentile, by age: 1991

Age 9

. e
AL QY
tywan

TR T TN

. g

PSS ey |
e
e anag
RIS N}

United States T - ) X
e
! 1 e 640 °n Hn 04 .
Score
Mean (average,
S Darprt b - ” = Q&R Prrcir b w

Age 13
- e g
noraa - . :
1. L 954 i |
— I
Tawan . -m
 sac oa bovm s - e —
e B
Cw tzonana . z . )
P T N
Soviat Un oo .
Fr AR
g
Hangary Sgeiae s U0
aXa

I rance
¥ - (GRS NI TR S ST T ST 5 j
“alv 1 " e lwmw R
POPV=3, S SNSRI |
N R - . N
rao! —' - -
[ SV TPV AR URIN P o eh emde
P e e e
Canaaa £ [ ]
il o o = - .
e = eeem e - -
sotiana e .o .
B A BN st e i - PPN P |
AR AR i
roandg . . . -. -
[ NP T AREPOY DRSS
s vorua Lol .o ¢
[ PRI OGO ISP IE SR RN
« A -.. .
United States -
I - - - PR
q Eh] H 5 ALl N q: Vi .
Score

lI;




—*“

28 INDICATORS OF SCIENCE AND MATHEMATICS EDUCATION 1995

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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ACHIEVEMENT IN SCIENCE AND MATHEMATICS

CONCLUSION

This chaprer discusses science and mathematics perfor-
mance of students by race and ethnic origin and sex as a
basis for discussion of the science and mathematics learn-
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. [n addition,
although few differences exist among the achievement
scores of males and females on NAE?P 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-
Jents compete favorably on science tests vith 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 «n 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. W
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The Elementary and Secondary Learning environment

' he LS clementary and secondars edue ation s
rem s under constdetable pressure toimprove
pertormance —particularly pertormance in saence

and mathematicos=—ot clementary and secondary ~«chool-

Juldeen. The need for action was remtoreed when mter-

Nnational test scores tor science and mathemanes ranked

ondents wthe Unieed States bebind stadenes m much ot

the rest of the world. (See Chapeer 20 Subsequently, the

LS. Government commutted 1o achieve aset of Naton.,

Educatin Goals by the vear 2800
Concurrently, groups wirthin the scrence ana nuathe-

matics community becan o deveds p natonal standards

on teachme, carniculum, and content tor scrence and
mathematies educatien. The science communiy, repre-

«ented by the Nanonal Research Council, s working on a

wrenee standards document. This documient builds on

the Amencan Assoctation tor the Advancement of

Scrence’s Prower 2061 (1993) and the Natonal Science

Teachers Asocrations (NSTAN) The Content Core. The

Natonal Council of Teachers of Mathematies (NCTAM)

released 1t standierds tor mathematics 1 1989, (See side-

bar on the standards on page 36.)

Both the ~cience and the mathemanes <tandards
address two major coalss equiey and excellence. To this
end. they assert that science and mathemarties should ke
accessible to all scudents and thar all stedents should
achiey e a thorough underscanding of the subyects.
Furthermore, both sets of standards recommend highly
prepared teachers working i well-equipped. facilitanive,
and supportive environments: curricula orcanized around
central, umitving concepts: and mstructional practices
and resources that emphasize problem solving, active stu-
dent mvolvement, and hands-on participation,

This chaprer provides an overview ot how welland o
what estent, clementany and secondary school sestems
across the country are measuring up to these standards by
presenting avatlable daa tor selected indicators of the
clementary and secondary learning envirenment s thev
relate to the natonal standards. (See text table 3410

The learming environment s described by the four
components reflected 1 this chapeer:

o curriculum -—the adequacy of science and mathamaties
courses s mdicated by suate curniculum trameworks,
araduation requiremients, coursetaking patterns, and
abhoy gronping

& teachers—therr characrenstios, preparation, and protes-
stonal e elopment,

@ ntructenal practices —use of m-diss tme siadent
PATTICPALIOD 10 ong-Term Projects, pariicipatien m

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

equity and excellence.

othier mstructonal acovities, and use ot tradiional and
alternative assessment rechnigues: and
& resources—rthe avatlibilicy and suthicieney of text-
hooks, classroom supphes and facilities, computers and
networks, and calculators,
For cach component of the learnme environment. this
chaprer exanunes the current data and, where possible.
changes in the components over time,

CURRICULUM

The standards tor curriculum recommend chae all stu-
Jents 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, coursetakmg. and
abtliey grouping.

STATE CURRICULUM FRAMEWORKS

There 1~ no ofticial, recoamized, or approved natonal
currtculum m the United Seates. Instead, states develop
thetr own curriculum trameworks, content standards, or
curriculum guides that estabbish coals or standards tor
clementary and secondary mstruction. Atrer the release
of the NCTM standards i 1989, states began moditving
therr currtculum trameworks for science and
mathemtes. By 1994, 24 states had published revi-
sons, and by 1995, sl more states were e the process
of publishing new or revised gindelines—37 m science
and 33 m machematies (Blank, 19932). A tudy by the
Counctl ot Chiet State School Officers (CCSSOY tound
that the new state curlehines are respending to the new
ctandards tor mathematics and science by nereasinge the
quatity of therr own recommendations tor science and
nathemuatics coursework and school dssessments (Blank
X Pechiman, 1993

0
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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

3cience and mathematics courses
srould be accessible to ali students.

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

well prepared and have similar approaches.

Teacher beliets about struction
and therr instructionai practices
should not vary according to the race

or ethnic ongin of the students in the class.

Students In all classes. regardiess
of their race or ethnic ongin, shouid
have the same resources.

- Students should enroll In science

and mathematics courses throughout
high schoot.

Students shouid 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 deveiopment.

- 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
te~~hers 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 natenals

- 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 fong-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

Indicators ol Sciance and Mathematica Education 1995
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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
hy 1983, mounting evidence of failuies 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-
ciallv in science and mathemarics.

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 1n the world in mathemarics and science education. Four years later, Congress wrote these goals into legislation.

Independenitly, 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 multivear 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
ctandards 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 mat .ematics. 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

. 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
a public statement of support for exerplary practice.

Standards c-eate 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 admunistrators. 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

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

Curriculum Standards—what students should learn and how they should learn it;
Professional Development Standards—what support teachers need to be effective;
Program Standards—whart departments must provide for learning to take place;
Teaching Standards—how teachers are expected to perform as professionals;
Delivery Standards—what schools must provide in order that students can learn;
Assessment Standards—how to monitor performance of students and programs;
Evaluarion Standards—how to measure what students know and can do;
Opportunity-To-Learn Standards—what is necessary to enable students to learn;
Performance Standards—how much students should know and be able to do;
Skills Standurds—what must be mastered as a prerequisite for specific jobs; and
System Standards—how the components of a school system must work together.

L R R R 2R R 2
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Standards continued on page 37
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GRADUATION REQUIREMENTS
FIGURE 3-1

Percent of states imposing graduation

states dramancally intloence the elementar: and see- requirements in mathematics: 1974 to 1992

ondary curncula by <ettmg and entorcme graduation
requirenmients. Smce 198G, when less than 20 percent of 100

states regmired 2 or more vears of mathematies, sttes have

beeun to require that hich school studenrs complete wub- .
~tantially more classes as . prerequisiee tor griaduation. 80
This chanee, however, does not Friing states imto contor-
miry with the standards, which advocae, among other "“
things, that students take science and mathematics cach I 2 o more years of math
vear durine their 4 vears of high chool. sallaccording o :
the COSSO, m 1992, only 84 percent of states required g %0
WO OF TROTE COURes 11 science, and 36 pereent of states é .
required two or more courses i nathematies (Blank & v
Gruehel, 1993), The remamnme states permutted focal Jdis- 1
tricts to et graduation requirements. (See igure 3-1and
ppendix table 3410 " No state requirements
COURSETAKING
% o074 1980 “983 ‘985 987 1989 '090 997

In elementary schools, all students recerve saience and
nathematics mstruction. Theretore, 1t 1s tmposaible to

examine counsetaking behavior; hawever, 1t 1s possible to :
PRI ST RUANT SEE S

sav that elementary teachers are spending more tme than
in the past teachmg science and mathemanes (Werss,

Standards contnued from page 36.

Among the many different subject matter standards, those in science and mathematics bear a special burden concem-
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 rhathematics 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 proides 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 knew what is
expected. These expectations flow from a set of goals on which there is now broad consensus:

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

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

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

connections, exploration, and inquiry;

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

gy, and algorithms;

& 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;

® 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

e the educational system must recognize that teaching is a complex activity that requires ongoing suppert for

classroom teachers. |

Steen is a professor of mathemancs at St. Olaf College in Northfield, Minn. He also has served as executive director of the
Mathematical Sciences Education Board in 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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FIGURE 3-3 Mattr, & Smuth, 1994). (See tigure 3-2 and appendix
Mean number of credits earned by high school rable 3-2.) According to the Natonal Survev of Science
graduates in each subject field: 1882 to 1992 and Mathemaries Educanion (NSSMEDY, berween 1977
e and 1993, the amount of tume teachers allocated ro sci-

ence and mathematics imcreased shehtlv: concomitantly,
.\ the amount of tme devoted to reading decreased shehtly.
’/msh’// These changes were especally apparenr at grades [-3.
However, the relanve position of the three areas
History or social studies | e remamed constaint, with reading recenving the most time,
................................ .- followed by mathemarics and science.
, PP ) High «chool coursetaking patterns naturally mirror
P - sraduation requirements, which tepically mandare 4 vears
——-- - - of English, 3 or 4 vears of hisrory or soctal studies, and 2
_ - or 3 vears each of science and mathemanies. Of course. as

Mean numbet of credits earned

~ = 7 science requirements have become more stringent over time,
coursetaking has increased tor several subiects, Overall
«udents are taking more science and mathematies cours-
ex. even advanced courses, which is maccord with the
reconaendations of the standards. (See figure 3-5 and
appendix table 3-3.) Coursetaking 1 advanced science
‘a2 . 590 - and marthcmaties chasses remains lm\'gr than i basie sai-
o o ence and mathemaries courses. (See figures 3.4, 3-5, and
e e 3.6 and ap pendix tables 34 and 3-50)
_ o 3 X T - The Natonal Center tor Education Statisties (NCES)
O - Hheh School Transenpt Sondy (lecum et ale 1993 report -
- o that the ercentage of hieh school araduates who had
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roed Credtis i scienee ad mathienyines o araes

dniceed satstantially Between 192 and 1992 For

N

it ule T percent of 1952 Tach schoecd craduates
fod tahen B fogn 93 percent of 1992 hich ~<Chool aradu-
e bod tiken the coursesand while € percent of 1982
Lch <ol ciaduates took aleebra 179 pereent of 1992
Sach scheok eraduates had taken the ¢arse, The pereent-
ot Bch wchon D eraduates completing Chemistry
aeresed o 32 percentn TYs2 e e pereentn 1992
wd the percertaze of hueh school 2 duares complening
coebr b o reased from 37 pereent v

L2

VB2 0 e pereent

il\\ redses 1in \‘\‘llr\L'[-ll\'lnL' mayv }‘\' xillL' T IHICTCASes 1IN
e toptements, hanges i stire course curnealar

sundehines, cr other tactors, Cortamly, science and mathe-
arttos e are widely availables Tn P98, 99 percent ot
'E:\' E‘.!..'('A st

Borcitered bolocs, chemistr, wd phuvsaies

b students i the United States were
BN NN RN

SR 00 smudarls, 9 percent or Ul hach school
dents were i ~chools that oftered aeebra Tand 1.
seemnerry, and tniconaietry, and 79 pereent wete in
whoods thar ottered calcuhus (NCES, T9ad),

A srudy By che Consortinm tor Dehiey Research in

Elucanon (O TREY in 199¢ determuined that increases in

aeset thing could not Bearenbuted o dasses that were
“owered down b reachers to be pabtable tooa broader
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student population (Porter, Kirst, Osthott, Smithson, &
Schnewder, 1993). CPRE examimed taathematies and
sctence chssroom practces m IR hueh schools tfrom s,
states and tound that the content ot courses m hieh
schouls where all students were required to complete
college preparatory cliasses was the <ame asvn hich
schools without the requirement. Thus, thev tound no
evidence that areater participation ot students i a
course 1~ linked with less demandine academic content,
(For additional mtormanion on conrsetaking, see Blank
S Dalkilie, 1992 Rlank & Grucbel, 1993; Blank &
Gruehel, 199309

SEX

Few duterences exist i the saence and mathemaries
coursetaking patterns of high school male and tenale
eraduates, except i physies, (See tieure 3-40) In 19920 2s
percent of muale eraduates versus 21 pereent of female
praduites had completed phvaies: the ditference berween
the two was about the same in 1932, when 18 percent o
male graduates and 9 percent of female eraduates had
completed physics.,

RACE AND ETHNIC ORIGIN
Minority students are taking more ~cience and mathe-
matics courses than i the pasto and the gap berween

FIGURE 3-24

Percent of high school graduates earning credits in science and mathematics courses.
by subject and sex: 1982 to 1992
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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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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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the courserakimg ot mimoriey students and white e
denes has narrowed. However, in 1992, white students
were sull more Iikely than black or Hispanie mdents s
take advanced science or mathematies courses. (See
freures 325 and 3.6

Forexample, in 19520 71 percent of white araduates,
01 percent of black graduates, and 60 percent
Hispanie graduates had viken algebrn [ whereas in 1992,
SO pereent of white graduates, 78 percent of Black eradu-
ates, and 4 percent of Hispanie eraduates hd ciken the
course. However,m 1992 while 23 pereent on white
araduates had taken trieonometry, only 13 percent of
hlack graduates and 15 percent of Hispanie eraduates
had tiken the course. All of these percentages dare higher
than m 1952 when only 14 percenc of whire eraduares,
0 percent ot tlack eraduatescand 7 percent of Hispanie
eraduates bad taken tneonometry. The resalts ae sinudar
M sCienee.

About 34 percent of Asan students complete the tra-
Jiaonal sequence of biology, chenusery, and phvsies Only
21 percent of white students, 12 percent of black ~tu-
Jdents, and 1O percent of Hispanic students complete thae
sequence, (See text table 3-2.) About 38 percenr of white
and Asun students complete the traditional sequence ot
algebra 1, veometry, and aleebra [ only about 30 percent
of black and Hispanic students complete this sequence
(Lequm et al., 1993).

ABILITY GROGUPING

BRoth the science and the mathemaries ~tandards rec-
ommend that scrence and mathemanes be avarlable 1o all
students and thae schools aive all students the opportunt-
v to achieve. Often, these coals and abihiey vroupime—.

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 Biack Hispanic Asian

Biology chemustry. 2110 8) 12013 1012y dea
ard physics
Algebra | qgeometry 3811 6y 22{24) 30 (2 51 382 4

and algebra !

SOTES Courses competed o rades T at1 3 aere A0t COLPIed A5 DA 0f 1 A0CLeNce ST 4T
© s apgesr o
ATLRTE (g s ot 193] T 100 AR S AN MRS AP STy Al N
ddtae Ty AONIS Py

L rraaten NOE T SUATY WAtk meas D R0 Gt I E S, ater St et s

Seaiors 4o enee and Mathamate s B3l aton )%

O
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practice commeoen .t many sehools —are considered
opposttes, because abihiy erouping denies some students
wceess to challengme concepis. For example, according
to the NSSME, ctudents who are encouraced to take
introductory mathematies mstead of adeebra [ ar the
ctehth- or ninth-erade level otten Jdo not have the
opportuniey to take a tradivional sequence of advanced
~«crence and mathematics courses. Despite the statistics,
Abiliey groupine could be valuable and could support the
~tandards, i 1 provided aliernative roaes to the same
knowledee.

Abilicy grouping 1 more common 1 hich schools than
at muddle or junior high schaools and 1< more common 1in
mathemaries than in science. In 1993, 57 percent of
liueh schools assigned incomme students to mathematies
courses by abdity, compared with 46 percent of muddle
and junior hieh schools 34 percent o1 high schools
assiened meonming students to ~cience courses by abaliy,
compared with only 11 percent ot middle and junior
high schools (Werss, 1994).

In schools with alliey grouping, classes consisting o1 a
tirge percentage of muinority studenes are more likely o be
categorized by therr teachers as low abihey than clasces
with a small percentace of minonity students. The oppo-
site holds rrue for high-abilite 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.
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Percent of Clasaes grouped
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FIGURE 3-7

Percent of high school science and
mathematics classes grouped by ability,
according to percent minonty in class: 1993
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percentace of minonty students are more hkelv to be care-
aorrzed as hiel bl than classes withy o Liree percentage
of minormy students (See trieare 357 md appendis table 3
6. Nevertheless, tieh ~chool teachers report that science
and mathematies classes are becoming more hererage-
neots. (See treure 3~ and appendiy talle 3270

TEACHERS

A well-prepared teachme torce e critical to etteatne
«ctence and mathemanes educaion This section pamts a
prcture of the teaching population and addresses teacher
huracteristies, teacher preparation, and protessional
Jevelopment.

TEACHER CHARACTERISTICS

According to tabulations trom NCES (19948, iy the
United States, approxmatcely 2.9 nulhion teachers tall-
tme and part-time? taught elementary and secondary
classes in 1991 (the Latest national estimate available).
compared with 2.6 milbion 1 19880 In 1991, nearly one-
half mullion secondary {grades 7-12) reachers were speait-
really assiened 1o teach serence or mathematies; approxi-
matelyv 330,000 of these teachers hd science or mathe-
matics s cither 4 maimn or secondary asienment. (See
appendix table 3-8

3-8

Ability composition of high school science and mathematics classes: 1986 and 1993

a0

)

Homogeneous classes

Scinrn .6

Mathematics

Mathemat.cs

Parcent of clusses

ray6 1993
Average abihty

*186 1993

1986 1993

186 1991
Low abihly

Heterogeneous ciasses

Science
Science Mathamatics Mathematics

1986 1993 *986 19913
High ability

T aH6 1993

1986 1993
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FIGURE 3-89

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

In 1993, the vast majonty of science and mathematics
teachers i grades 1-3 were temale. (See tignre 3-9)
According to the NSSME, the percentage of female
teachers decreases as students get older. In 1993, by
erades 10-12, onlv 34 percent of ~sctence teachers and 46
percent of mathematic cacers were female. The per-
centage of female mid - o and hiegh school mathematies
teachers has imcereased considerably i recent vears, For
example, m 1977, 46 percent of vrades 7-9 mathematies
teachers were female, compared with 63 percent in 1993,
{See figure 3-9.)

The distnbution by sex of the saience and nathematies
teachmy torce vartes by state and regon. (See tigures 3-
10 and 3-11 and appendix table 3-90) For example.
accordimg to the Schools and Stafting Survey, i 1991,
while less tchan 40 pereent of the high school mathemat:
1es teachers i the Northwest were temale, 60 pereent or
more of the Tueh school mathemanies teachers mthe
=outheast were temale.

RACE AND ETHNIC ORIGIN

Blacks, Hispanies, and other mumoriy groups continue
to be underrepresented m the saience and mathemaries
reachimg torce: m 1993, when nunorites consnituied
roughly 30 percent of audent enrollment, onlv 6 1o Q9

cercent of soience and nathenanies reachers, dependimg

Mathematics

]

2o Sardedis Be I Kan
. sy bR

iy

tabae
R

1977
[ REED
[~ IR K]

on grade range, were members of minority groups. (See
Chapter 1 and appendix table 3-10) This distribution
was approximately the same in 1986, although there i~
some evidence that the percent of black science and
mathematics teachers in elementary schools decreased
berween 1986 and 1993, (See appendix table 3-18.) The
NSSME reported that in 1986 10 percent of grades [-6
teachers were black, compared with 5 percent in 1993,

The National Educational Longiiadinal Stady of 1988
(NELS:88) Second Follow-Up Studv provides additional
support that munorities are underrepresented in teaching,
In 1992, white teachers taught about 93 percent of 12th-
erade science and mathematics students. The remanming
students were divided tarrly equally among teachers who
were black, Hispanic, or other races (NCES, 1992).

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

and mathematics teaching force.
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FIGURE 3-10

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

1B 60% or more female

. I 40% to 59% female
R Bl 30% to 38% femaie
13% to 297% femate

~_Too lew sample cases for a rerable estimate

FIGURE 3-11

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

I 60% or more female

i W 40°% 0 59°~ femaie

e . B 30% to 39% temaie
17%, 10 29% femate

Too tew sample Cases (or 4 cenabe @st mate
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TEXT TABLE 33

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

Grade range 1986 1993

16 40004 421 (05)
] 292:06) 42004
10-12 $041(05) 43303

Gny

R LAY

SN P TR L T

AGE
The scrence and mathemanics teaching toree s growimng

[der. The average ave of teachers atall erade levels
increased by approxmarely 2 vears between 1956 and
1993, trom about 40 vears to about 42 vears, (See texe
table 323 In 1993, roughly 2 percent of science and
mathematics reachers in cach grade range were over awe
3. (See freure 3412 This mav have an effect on the
avathibihey f reachers as manv in the current teaching
torce reach ctrement age in the next 1O vears.

FIGURE 3-12

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

40

20

Percent of teachers

o«

Grade range

1 Under 31
v e e . AN
e e e, N

e

il 610 o.er

GRADUATE EDUCATION

According to the NSSME i 1993, about 31 percent
of saaence and mathematies teachers i grades -4 had
carned o degree bevond the bachelor's, mcreasing to
about 34 percent in grades 3-3 and about 46 percent in
erades 9-12. The percent of teachers with master's
Jegrees was higher tor peapie wath the mose vears ot
teachme experience; for example, i 1993, only 21 per-
cent ui erades 9-12 saence and mathematies teachers
who had 2 o tewer vears previous teaching experience
had master’s dearees, compared with 72 percent of those
with 21 or more vears prior teachine experience. (See tig-
are 3-13 and appendix table 3-110)

AUTONOMY

Underlvimg many educatonal retarm ettores s the
notion that, since dhssroom teachers are in the best posi-
non to know ther students” needs and meerests, they
hould Be the ones to make decisions about tattoring
mstruction to a particular group of students,

Both the NELS:So Second Follow-Up Study and the
1993 NSSME asked reachers about how much conerol

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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ey exnarcsed overaomanber o curnculum and st
nenal decrsions tor therr clisses. esee ppendin tible
Vi Saence and nachemarieos roachers andl crade
canees are hkelv to percerve that they huve the most
witenemy 10 ~electmy teaching techngues and determin-
e the umount ot homewaork o be assigneds therr sel-per-
cenved antenamy s Tess but sull st whenot coames to
certing the pace tor coverg topies, Choosing cniternt tor
cradme crudents, and selectme the sequence tor covering
Copres Fewer soence and matheniaies reachers —espe-
v the elementany and e codes—Telieve tha
fave strong centrol over selectme inseructional materials:
Jetenmming the vonds and obecnves of ther coarses;
welecting the content, topies, and <hlls w be taught: or
solecumg tentookss vsee appendix nilrle 32120

~unilarlv, the NELSoss sccond Follow-Up Stadv tound
e Laraer percentaces of 12th erde students had teach-
et~ whe Behieved thes had “complere contral ™ cver decr
<ions related o teachme technnpes and amount of
honework than over decisons related o disaiplinme sru-
Jenrs selecting content, or selectme teatbooks and other
tstructional macerials, (See sudebar on homework, rext
table 34, and appendix table 3-130

HoMEWO

199S

fterestme ditterences cinerge m these responses when
thev are exammed by region ind class proticiency fevel
For example, P2th-crade re wchers imothe Seath e fes
likely to believe theyv have control over content decistens
than are teachers e other regions. (See appendix table 3-
14.) Also, teachers of students who pertormed at the Tos-
ot levels on the NELS:x scecond Follow-Up Study pro-
trcrency tests are least kel to believe that they have
control over content decsons cSee appendix talble 3
159 Thes List timdime mdicares thar steddents whoare
the greatest need of having teachers use therr protessional
pdement i makimg decisions are the least hkely o have

[k‘;l(hk‘r\ AN ht‘ lucl CINg™ -\\'cl'c\l T \]\t S

TEACHER JOB SATISFACTION

Overall, ~science and mathemates weachers enjoy thar
jobs. For examples i the NELSo second Follow-Up
Stadv, 23 percent of Tth-grade science and marhen e,
students were taughe b reachers who telt satistied most
or all ot the e, and onlv 2 percent had teachers who
were almost never” sanistied with therr jobs, (See tieure
3-14.) The NSSME found thart teacher satistaction <hiche-
Iy increased between 1986 and 1993 (See treure 3-150

RK MATTERS

Homework is a significant component of the instructional system, and it is one practice over which t=achers have
constderable control. Higher average NAEP mathematics proficiency is associated with the completion of mathemat-
ics homework. (See text table 3-4.) Students reporting never doing homework had the lowest proficiencies. The
results are similar in the High School and Beyond and the NELS:88 Second Follow-Up Study databases. B

TEXT TABLE 3-4

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

Often Sometimes Never
Aversge NAEP Aver. & 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(17) 307 (15) 29 (1.6) 291 (2.1) 6{0.6) 284 (3.4)
1986 74 (12) 304 (1.1) 20 (1 4} 296 (1 8) 5(0.7) 291 (55
1990 77 (1.3) 310 (1.7) 18 (1.1) 295(20) 5(0.7) 281 (3.5)
1992 76 (1 2) 310 (1 1) 19 (0.9) 295 (1 8) 5{(07) 285 (4.1)

NOTES Slanadrd 8r1ors appear in parenthases Totars may nol sauai 100 porcent a3 A rosuit of roundny
SOURCE Mur's 1V S o' ar (1934) NAEP ' r¢ngs n acadamec progress Raport No 23.TRO1 Washagicn O NatorarCarter for Educat.on Stanstes

LLB10rS O 5 &7 @ antd MAthgm ates Educal on T vuh

3]
b
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FIGURE 3-123

Percent of 12th-grade science
and mathernatics students taught by
teachers who are satisfied with their jobs: 1992

In 1986, about Y2 percent of science teachers and 96 per-
cent of mathematics teachers sad they emjoved teaching,
compared with 1993, when 94 percent of scrence teach-

ers and 97 percent ot mathematics teachers said the same.

Elementary science reachers were the wioap least hkely o

AImost never 2% enjoy reaching i both 1986 and 1993,

Al of the time 119,

Some of
the time 18% TEACHERS' BELIEFS ABOUT CLASSRCOM

REFORMS

Although the NCTM published s Cumcidum and
Evaluanon Standards m 1989 and Professional Standards for
Teuchme in 1991, not all teachers are tamiliar with them.
In 1993, mathemauces teachers in higher grades were
more Likelv than their counterparts i lower grades to be
famuliar with these documents. Roughly one m tive ele-
mentary, ene m four middle. and one 1in owo high school
mathematics teachers sad thev were “well aware™ of the
Curniculm and Evalanon Standards: fewer teachers in
cach grade range were familar with the Professional
Standards for Teachme. (See tigure 3-16 and appendix
table 3-16.)

Most of the time 63%

SR IR SRR T SO D TNV S A S 2 101

LS TLLL Shen el Lyt

FIGURE 3-135

Percent of teachers who say they enjoy teaching subject, by subject and grade range: 1986 and 1993

Science Mathematics
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In the 1993 NISSVE, scenee and machematies reachers

reported mixed views about the principles underlying the

oandards and the recommendations that tlow trom them:

*

Percent ot teachers

100

a0

&0

S0

40

30

Although most scrence and mathematies wachers
heheved that “virtually all students can leamn to
think screnuficall and machematically,” sizable
proportions reported that such Tearming s best
accomplished by placing students m classes with
others of samlar abtlities, (3ee tgures 3-17 and 3-
15 and appendix table 317 More mathemanies
than science teachers, and more high schoal
teachers than mddle sehool teachers or clemen-
rary ~chool teachers, said thev support ability
crouping. {See the section about abthiry erouping
on pace 41.)

Mathematies teachers did not support the carlier
mtraduction of algebraie concepis. Most clemen-
tary, muddle. and hich sehool mathematies teach-
ers reported that they believe students must mas-
ter arithmetic computation betore gomg on to
aleebra (See fieure 3-19 and appendix table 3-
17.)

Spmularly, although most nuddle and high school
scrence teachers reported that they behieve -
ence 1s best learned 1 the contexe of o personal
ot soctal application and that laboratory-hased
classes are more effective than nonfaboratory

FIGURE 3-16

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

Cumiculum and evaluation Professional standards
standards for teaching
28
18 19
12 '
-4 5-8 1-4 5-8 9-12

Grade range

64

1995

Roughly three out of four science

teachers in all grades indicated that

hands-on activities should definitely

be a part of science instruction, and

nearly that many considered teaching

of applications of science in daily life

Percent of teachers

100

40

30

to be essential.

classes, many appear to resist teachimg science
concepts before they reach the termimology asso-
crated with those concepts. Almost one-third of
clementary school teachers and more than one-
half of hugh school science teachers indicated rhat
1t 15 important for students to learn basic sciennt-
1 terms and formulas before learnme underlving
concepts and principles.” (See appendix table 3-

17.)

FIGURE 3-17

Percent of mathematics teachers
agreeing that virtually all students can
leamn to think scientifically or mathematically,
by subject and grade range: 1993

Science

Mathematics

Grade range

T SN
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AND SECONDARY

Pigh school mathemaries weachers supported the
frequent use of caleulators—73 percent indicated
that “students should be able to use caleulators
most of the tme.” Elementary matheniatios teach-
ers were less Tikelv to support extensive use of cal-
culators. v=ee tieare 319 and appendix tble 3-
17.)

More than 3O percent of elementary mathematics
teachers—but anhy 52 percent o middle sohool
teachers and 25 percent of high school teach-
ern—censtdered hands-on or manpulats ¢ activse
tres essenttal tor ertective mathematies mstruc -
ton. (See appendix table 3-15.) Smlarbe. math-
ematics teachers in the hisher erades were les
likely than those m the lower grides o support
the use of new teachime strategies—-uch as con-
Crete eaperiences betore abstriact trearments,
applicartms of mathematies m daly Iites cooperas
tive learning groups tor students, use of comput-
ey, and the etfect that students’ prior coneep-
tions about a topic ~hould have on curniculum
and instruction.,

Roughlv 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

100

90

80

Percent of teachers
o
(=]

Q

LRIC
|

of similar abilities, by subject and grade
range: 1993

Mathematics

LEARNING ENVIRONMENT

The

Jetimutely Be apart of ~<crence mstruction, and
nearly thar many constdered teaching of apphea-
tons of scrence i dauly lite o be essential. (See
~debar on hands-on acovities and higure 3-280)
However. tewer teachers—especudliv at the hieh
~chool level—considered mportant to teach
concrete experience betore abstract treatments or
place students 1 cooperative leamime groups.
Only about one m five high school cence teach-
ers constdered 1 essential to take student concep-
tiens akout natural phenomena ingo account
when plannine curniculum and instruction: to
have deeper coverage of fewer sctence concepts:
OF L0 TeVistt science topies, cach time m greater
Jdepth. (See appendix table 32280

TEACHER PREPARATION

scrence and mathematies standards advocate the

incroducnion of challenaing science and mathemates

content to all students beginning 1in the carly grades:

however. only teachers who have a firm grasp ot powertul

sclence

and mathemartics conceprs themselves can vuide

students’ exploration of science and mathematics.
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FIGURE 3-19

Percent of mathematics teachers
agreeing with statements about reform,
by grade range: 1993

Students must master anthmetic
computation before going on
to algebra

Students should be able to
usge caiculators most
of the tims
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Proxy meastres, such as an evahuatton ot undereradie
ate or gradudte mogor or number of courses completed in
the trield ot asignment. e one way to 2auee how well
teachers understand scrence and mathematics. In 1993,
less than 3 percent of clementary school science or marh-
entatics teachers had maored i science or science edu-
watton or mathematics cr mathemaries education
cither the undereraduate or graduate levell (See fare 3
210 Ot course, this figure 1s not surprising, given that
ment clementary teachers teach all or most academe sub-
tects, rather than specralize mo~cience or mathemaries.

<Scrence and mathematies teachers v grades 9-12 are

more bhely ol e maored e sarence or mathematies ar
the undergraduate or graduate lesels than ther elemen-
tarv counterparts, However, nearlye 33 percent of hich
«chool setence teachers and 40 percent of hugh sehool
mathematies reachers had nether an undereraduate nor
vraduate major i scrence or saience education or mathe-
mates or mathematies education. Moreover, althouch
more than 90 percent of hieh «chool saence teachers had
At least 4 minor m science or saience education, only 51
percent of hieh schoeol mathemates reachers had at least
Aminor i mathemates or mathematics educaton. {(See
text takle 3250

USE OF 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 expert-
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 clementary school classes than secondary school classes use
them. In addition, at the secondary ievel, more science classes than math classes use them. Other differences exist
over time. In almost all grades and subjects, their use dropped—somerimes dramatically—between 1977 and 1986.
(See figure 3-20 and appendix table 3-19.) This overall decrease in attention to hands-on classwork may have been
due to the “back to basics” movement of the mid-1980s, which emphasized a more direct instructional style with
less use of manipulatives—educators used drills; they didn’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

Percent of classes
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SCIENCE TEACHERS' PREPARATION teachers i tess extensive backerounds mosaence than

Asmubar prowre emerses with an examinaton of the therr muddbe schoal counterparts, whaein tarn had fess
rotal number o semesters of collee soence conrework sarence coursework thom ther luehy sche 1 counrerparts
sompleted bysaence teachers dn 1993 clemencare (See higire 3-22.) The percent of high ~<chool saience

FIGURE 3-21 FIGURE 3-22
Percent of science and mathematics Total number of semesters of
teachers with undergraduate or graduate college science coursework completed by
majors in science or mathematics fieids, science teachers, by grade range: 1993
by grade range: 1993 56
M Mathematics teachers
“ A Science teachers o
50
72
-5 oy 49
2
" z
3 ol E
E 3 50
g =0 €
g S
S <
a 4w
20
10
20 10
M)
o o
1 Fewerthanb
- PR W ER PR | 60
by . . 3 " el - . P S T ety - v LRGSR A S RaL e
L O AR L L N TR U A SRRV gt E Yo
Tt won e e e e e 1500
1');:1." . T ey gt ne . . 21 or more
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-i2
Science .
Undergraduale major in science 307N 18(21) 6302 1)
Undergraduate or graduate major in science or science education 307} 21(2.3) 72(22)
{'ndergraduate or graduate major of MINO! ‘N $CIENCE Of sCiIence educanon 7(16) 32(25%5) 34 (12

Mathematics

r Undergraduale major in mathematics 1404 7108 41 (2 5)
Undergraduale or graduate major In mathemat:cs or mathemancs educaton 110 1115 63(3 )
Undergraduate or graduale major of minor in mathematics or mathematics education 7R 182 1) 8132
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MATHEMATICS EDUCATION 1995

FIGURE 3-223

Percent of science classes taught by teachers with varying levels of preparation in science, by discipline: 1893

Ufe science (7-12)
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FIGURE 3-24

Percent of science teachers teaching courses in
one, two, or three or more science subjects, by type of community: 1993
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corchers whocompleted more thae 20 seiesters creal-
oo sarenee coarsewark mcreased o 24 percent i 1093
o By porcentm 9IS W e, 1T W Mo, &
~mith ¥

The N=TA has e nmendad that elemenan
toachiers hove v lenst one collese conese m eadiy ot
rree socnee e s=—holodical «crences, phvseal s
cncesmd carth saences, Accordime 1o the NssAE,
et v aethards or grades T-sreachioss met thes stan-
Dt Y3 ese appendiy iable 320

NTAC recommendarions are much more detubed
desccend v level mchiding s cespoarr s conres thae
tCachiers ot cach disaphne should complete. Bocanse Len
tew teachers, even those wirh extensive coursewark m
e nclds meet the N3TA recommendations, e
NesME denmed twellbprepared weachers™ as ones wath me
S U | RCParATon ——sixof mote courses m therr neld

foned on this measare, the level o readher preparasion
wthe seconndary devel sares consaderablv, (Sce tieure 3
23 and appendix talle 322200 For example, in 1993, 82
cercent of erades 7- 12 ite sarence dhasses and @4 pereent
ot erades 9-12 Biology classes were taughe by teacher
who had taken sixoor more brology courses, but onlv 4
percent ot erades T=12 carth wience classes were taughe
byteachers who had sivor more carth science courses,

Alo, althougit almost all brology, chemustry, and
rhvaacs Clsses were taught by teachers who had in-depth
preparation mosome science diserpline, more than 10
percent of grades 7=12 hite, carth, and phesieal «cience
Cisses were taught By teachers who did not have in-
lepth preparation many ~scwence disaiphine. (See fiure
¥ 23 and appendix nable 32220

FIGURE

AL hongh maost prospeaiin e secensdane school saence
teaw hers have m-depth preparation v one disaiphine, many
saience tachers are assiened o teach courses mmore than
one disaiphine, resulong mextensive vut-of-neld teaching.
I raral schools, where this situation s particubarly preva-
lent, more than one in three teachers teach conrses i twa
sorence disaphies and one incight teaches courses in
three or more ~saience disaplines. (See tigure 3-240)

MATHEMATICS TEACHERS' PREPARATION

Almost ail elementany scchool mathematies teachers
Bave taken cobleee vourses m mathematies tor clementary
~<chaaol teachers and in methods of reaching mathematie.
FHowever tar tewer have had college coursework in geom-
ctry or probabihity and stanstics—areas that the NCTM
Cuomcrdion and Evaluan o Standards suggest should be
wddressed m the primarny erades. (3ce nieare 3225 and
ppendiy taible 3-230

NCTAM ecommends that erades 7-9 mathemarnies
teachers have college coursework in caleulus, geometry,
probabidlies and statistics, abstract aleebra or number the-
ary, and applications of mathematies or problem solving.
Although 1993 data show that more than 70 percent ot
these teachers had completed calculus, onlv about 40 per-
cent had completed o course focused manly on applica
tions of mathematics. These percentaves are essentally
the same as tn 1986, (See appendix table 3-240)

NCTM recommends that high school mathemaries
teachers complete advanced calculus, difterennal e qua-
riens. hinear aleebra, and history of mathematics in addi-
ton to the five courses previowsly mentioned. In 1993,
although 95 percent of high school mathematies teachers

3-25

Percent of elementary school mathernatics teachers with college coursework in each area: 1993

Geometry

Apphecatens ot ingthemaucs
2° orobiem Sorng

Probabint, and stahstics

~sinuntonac use O computers
ot other fechnotogies

L v eqe agehra o tngonometry
e niementany furctions

ELore 3t R Tyr elemantary
2IN00 teachers

Natmods ulteacnng
MAthemaics
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had completed catenlos, only 46 percent had completed
history of mathemanes, Between 1956 and 1993, the per-
cent ot high school mathemanes wachers who completed
the recommended courses mcredsed stenimcantly: for
mstance, 13 percent more teachers completed hinear alye-
bra, and 11 pereent more teachers completed abstract
aleebra. (3ce appendix table 3-240

Within huels schools, reachers with more in-depth
preparaton inadvanced mathem e are more ikely to
reach the advanced classess tSee nare 3-26) These
reachers are also more likely 1o teach classes wigh o fow
croportion of mmonty stwdents, For example, i 1993,
cndv 47 percent of hugh school mathemaues classes con-
Daming more than 40 percent mmnoney students were
caught by teachers with an undereraduate or eraduate
major i mathenatices or mathematios education, com-
ared with 02 percent of classes contaming tewer than 18
rercent minonny stadents, This patrern was not evident
in high schoal science clisses, where all classes were
about as hikehy 1o have weachers with undereraduate or
sraduate mators i saience or sarence education. (See tig-
ure 3-27 and appendix table 3-230)

1998

TEACHERS' PERCEPTIONS
OoF THEIR OWN PREPARATION

An evatiation of teachers” undergraduate or eraduate
majors and the number of courses thev complete m ther
freld of assignment are two wavs to gauge how well teach-
ers understand science and inathemanes. Another wav s
to evaluare teachery perceptions of therr own prepira-
non—how well prepared they teel o teach the various
content areas and to use the varons mstructional strategies
recommendded for saience and mathemaries educanon.

Elementary teachers typically teach scrence, mathemat
wes, reading and Language arts, and social studies to asingle
aroup of students, but they do not teel equally quabified o
teach all of these sabjects. For example, in 1993, 76 per-
cent of clementary schoal teachers assiened o teach all
four subects indicated that they tele very well qualitied
reach reading and languaee arts, roughly 60 pereent teir
verv well quahitied to teach mathemanes and social studies,
but only 26 pereent telt vens well quabitied o teach sar-
ence. (See figure 3-28 and appendix table 3-26.)

According to the NSSME, in 1993, most ¢lementary
teachers tele well qualitied to teach 4 of the 14 mathemat-
ics topies recommended by the NCTM Cromcudum and

FIGURE 3-26

Percent of high school mathematics teachers
completing college courses in mathematics, by teaching assignment: 1993
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Frabiaem Seandaodo—cstmation, number serse, meastre-
ment, and patterns and relavonsups, fust T percen of
clementary teachers s they telt well quabined to teach
probabiliny and statsties, (3ee appendin table 3-270)

Mose middle schoal mathematies reachers sad they el
well qualitied o teach several of the subviedts recom-
mended by the NCTM candards—racuons and decr-
malss number sense and numeration: estimation: mea-
sarement; number sustems and number theory: patterns
nd relatonshipss and gceomerry and spatal sense. (See
appendig talble 32279 Although nearly one-halt of all
muddle schoal reachers telt well gquahined toresch tune-
tons and aleebra, st 2% percent telt well quadimed to
teach probabtliey and statisties.

Most high ~choal nathemanios teachers teit well quals-
ned to teach most ot the recommended topios: however,
ondvalont 30 percent of these teachers telt wedl quahned
to teach probaliliy and stansucs, mathemaoeal strue-
ture, and the conceprual underpimninges 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: 1983
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40 Less 139 40
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Percent minonty i1 class

SEST LOPY AVAILABLE

ippendiy talle 32270 Only 20 percent tele well quahitied
o teach diserere mathemaaes.

In 1993, teachers of advanced mathermaties classes
were more ikely to perceive themscelves as well qualitied
to reach vartous marthemanes topies. {See figure 3-29.)
The ditterence was marked with recard ro teachers’ per-
ception aof therr gqualitication to teach mathemanceal
structure: 41 pereent of reachers assigned to one or more
advanced hich schoct mathematies Chsses tete qualitied
to teach this topie, compared with onlv 1S percent of
those who dud not teach advanced classes.

Most scrence and mathematies teachers at all wrade les
cls percerved that thev were well prepared 1o pertorm tasks
such as presenting the applications of saience or mathe-
matics conceprs and encouraging participation of females,
however, most saience and mathematies teachers pereerved
that they were not prepared to teach students whoe had
Limited Endish proficienes and, exceptin grades T4, stue
Jenes who had Tearning disalulities, 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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SFIGURE 13-29

Percent of high school mathematics teachers considering themselves
well qualified to teach each mathematics topic, by teaching assignment: 1993
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FIGURE 3-30

Percent of mathematics teachers considering themseives
well prepared for mathematics teaching tasks, by grade range: 19983
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FIGURE 2-31

Percent of science teachers considering themselves
well prepared for science teaching tasks, by grade range: 1993

Trasentarn At ors of
L erce “oroents

Ve . -r')’i«.-!zl.em_...«.‘ --—_’.- o ,:‘;_
S1age 3 s L Ng

e eaigy

—— e e

80

o e carure
é e

A Py
N 1 o Lk 9 Wi e W

L e e = 83

R O IR N Lkt I o ote

!" T3
By L

Pt luete ano nave
LEUR I LS LRSS

.5e CO™ Duers Js pan
“tscerce mott.cton

FIGURE 3-32

Percent of teachers considering themselves
“master teachers” of their subject, by
subject and grade range: 1988 and 1993
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1 Grades 9 12

B Grades 5-8

M Grades 1-4
third of elementany and muddle ~chool science teachers
and onlv about one-halt ot elementare and middle «whool
mathentatics teachers tele well prepared touse computers
A an meegral part of instruction, Jdespite the fact that s
ence and mathematies education retorm advocates reater
use of technology, About 40 percent ot high school saience
and mathematics teachers teel well prepared touse come
paters as an neearal part of instre. gen. (See feares 3230
and 3-31 and appendix tables 325 and 3-290)

Althouch clementary saience teachers continued to be
tar less likely than other saience and mathemates reach-
ers to pereeive of themselves as “master” reachers of their
wibject. the percentage of clementany scrence teachers
considerme themselves to be "master” science teachers
has inereased from 14 percent i 1986 1o 25 percent in
1993, [ndeed. at all erade levels, the percentage of ~ci-
enve and mathematies reachers who considered them-
wlves "master” teachers was higher in 1993 than in 1956

t>ee teure 3-320)
PROFESSIONAL DEVELOPMENT

Both the saence and mathematies seandards call tor
development ot teachers s professicnals, becaase teachers
who ~ee themselves as protessionals are more Tikelv o be
proacts e about teachme—rto share authorny among col-
[caenes, turther thar edacation, and poarnopate i oprotes




58 INDICATORS OF SCIENCE AND MATHEMATICS EDUCATION 1995

sonal actvnes, Proacove teachers tend topertorm o a
lueher standard. therels enhancing studens” educatonal
evperiences. This seario o desertbes the state of teacher
development in elementary and secondary educanon.

COLLEGIALITY

According to NEL=, i 19920 1 2t grade ~arence and
mathemuaties teachers discussed <crence and mathemanes
curticulum sues primarthy with teachers in their depart-
ments and ther department chaires Fewer reachers dis-
cused curncalum wathy cher primepalss teachers outade
the deparmment or schools other school adnunistrators: or
parents, business leaders, universiey sttt and cthers
the communiy. (3ce appendix table 3-370

I addition, the NSSME reports chatm 15 most prr-
nary and secondary science and mathemanes teachers
behieved that thewr codlcagues support new teachme wdeas,
share deas and materiads onarecubar Basis, ave many
opportunities to learn new thines in ther ol and are
aipported by adnuniserators, (See appendix able 3-31)
However, fewer than one m four had tme dunng the reg-
atar schoot week to work with peers on science or mathe-
muaties currteulum and instruction, and only about one in
creht regularly observed other reachers” classes as part of
<haring and improving msrructional strategies,

CONTINUING EDUCATION
The NSSME reported that i 1993, while most science
and mathemanes teachers had at least some meservice

cducanien m therr tield during the past 3 vears, relatvely
tew had devoted o substantal imount of tme 1o these
acnvites. (Sceappendix table 3-32.) Even among hich
~«hool «rence and mathematies teachers—many o
whom are spectahists in their ficld—only about one-halt
had spent 16 or more hours onmneservice education
therr ticld in the previous 3 vears,

However, between 1986 and 1993, the number of
teachers participating in protessional development educa-
non ncreased. (See trieure 32330 For example, in 1993,
s1 percent of grades 10-12 nathematies teachers indicat-
od they had participated moat least some protessional
development activities i mathematies m the pase 12
months, v= from 63 percent i 1956,

In 1993, high ~«chool science and mathematies teachers
were the most kelv—and clementary ceachers the feast
likelv—to have taken a college course i therr field in
recent vears. (See appendix talle 32330 The pattern was
more pronounced 1 seience than m mathematics—395
percent of high ~chool science teachers, compared with
41 percent of middle school science teachers and 26 per-
cent of elementary school scrence reachers, had taken a
«clence or science education course tor college credit
since 1989,

Despire indications that high school mathematics
teachers who do not teach advanced classes need addinion-
al professional Jevelopment o strengthen their content
knowledge (see section on teacher preparation on page
493, thev are less likely than teackers of advanced clases

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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toreceve it In 1993, only 44 percent of the high ~chool
muathemanes teachers who taaeht lower level classes had
16 or more hours of in-ervice educanon mthe past 3
veans, compared with 03 percent of those who taneht at
Jeast one advanced marhematies chiss, (See treare 3 3403

PROFESSIONAL ACTIVITIES

Sizable proportions of hieh school science and mathe-
nuties teachers have particpaied i same protessional
iy durnge the previous 12 months, csee appendis
table 32340 The 1993 N<SME tound that between one-
third and one-" 1t of hich <chool ~aience and mathemae-
s teachers had served on schoot or district carriculum
and texnthbook selection commauttees or had artended e
or nattional ~cience or mathematies teacher associanon
meetimgs. Teachers i the fower erades, who are kel 1o
e v olved i teaching avariery ot subjects, were less
Likelv o parncipate moscrence and mathematies protes
sional activities,

FIGURE 3-34

Amount of time high school mathematics teachers
spent on mathematics in-service education
in the past 2 years, by teaching assignment: 1993
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INSTRUCTIONAL PRACTICES

NMuch of current educational retorm calls for chanees
i the wav mstruction s Jelivered wathim a classroom.
The indicators in this section provide a prerure—neces-
sartly lonieed by thie avalable data—at what voes on
instde the sarence and mathematics classrooms, The inds-
cators address use of in-class nme, participation i long-
rerm projects, student participation m other imstructional
activities, and use of tradiional and alternative assess-
ment tedhnigues.

USE OF IN-CLASS TIME

Accordime to the 1993 NSSME, owade vanety of
mstructional techngues are prevalent i tvpical science
and mathenmuatios classes. (8ee trienre 3-33) Forinstanee.

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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FIGURE 3-36 1993 npical elemientan or secondary saience class spent

Percent of mathematics classes never & almost 4¢ percent of s time m lecture and discussion
working on 1-week-long projects at mvolving the entire cliss,

home or in class, by grade range: 1993 & about 20 percent of 1ts tune workine as individuals

1ee reacing the textbook or completine worksheets,
" & abour 25 percent of 1s nme working with hands-on
« matertls, and
& the remaming tume on dalv routines and nonlaboraro-
7
g rv small-group work.
3
2 The distribution ot trme across erade levels chaneed
$ s little, except at the hizh school levels where there was o
@ .
3 Jight mcrease mn the amount of fime spent i lecture or
= whole-class discusston—with correspondmely fess nme
® cpent by students workine as indivrdualss (See fieure 3-
% 35.) At deast supertically, these time distribations appear
. to tulndl the recommendations tor smali-group work and
work with manipulatives that are set toreh mthe scence
At home In class and mathematies standards. However it s not possible o
3 Grages 1-4 W Gages 58 [l Grages9-12 Jetermune from the dara 1 such ame s spent inaceord
- Bt e . with the standards, dome activities such as creative prob-
. S lem solving, or not i accord with the standards, dome
routine data vertication,
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 ot NAEP science Percent of NAEP science
science activity Year students proficiency students proficlency
Expenment vath batternies arg buibs 1992 901N 233(1.8) 46 (19 231 (17
1977 51(14) 2252 8! 43 114 217 (21
Use a microscope 1992 62 (1 4) 237 (15 33 (14 225 (20
1977 53(14) 222 (2 5) 43 (15 214 (21
Expenment with tving plants 1992 64 (1 1) 234 (1 6) 32 (10 226 (18
1977 7041 4) 221123) 27 (13) 217 (28)
Use a thermometer 1992 91 (0 6) 234 (1 4) 7 05 217 (35)
1977 8410 222 (22 14 09 199 (27)
Use a calculator 1992 9810 3) 233(14) 2 103 203 (58
1977 87 (12) 222(22) oo 195 (3 4)
Use a scale to we gh things 1992 91(07) 234 (1 &) 8 (05 218 (400
1977 8908 2202 3) 9 07 202 (45)
FOTTG N1 A ATATS AT EAN 0 LATE S asen TES [en ERT UL TN T 6, 1T I T LT O U0 1 T e LD e IR were et Ay At et e,
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In 1993, the distribution of time in elementary mathe-
matics classes was similar to elementary science classes;
however, upper-grade-level mathematics classes spend
considerably less time using hands-on activities. (See fig-
ure 3-35.) A typical high school mathematics class spent

¢ almost 30 percent of its time in lecture and dis-

cussion involving the entire class.

& about 20 percent of its time with students working

as individuals,

¢ almost 10 percent of its ime working with hands-

on materials,

+  the remaining time on daily routines and small-

group work.

In contrast, a typical elementary school mathematics
class spent almost 3C percent of its time working with
hands-on materials and only 26 percent of its time 1n
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 altemative assessments 1991 1993

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

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

NOTES Allornative. Of rontraditional ass#ssments Clude onnanced mul:plg Choice shor. 0pon-
anded, axtended. opsn-anded ndnndual parformance group performance observalion portioho
and protect

SOURCE Blank RK (19950)  State indrcators of sC@nca and mathamancs sducaton
Unpubhshed tabutations

Ind:cators of Scianca and Mathemanca Educabon 1895

classroom that lasted | week or more, and 66 percent did
not do any week-long projects at home. (See figure 3-36
and appendix table 3-35.) Also, 43 percent of high
school science classes did not do projects in the class-
room that lasted 1 week or more, and 49 percent did not
do such at home. (See appendix table 3-36.) Elementary
and middle school science and mathematics classes were
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 schoo' inathematics classes: an additional instruc-
tional activity prevalent in mathematics classes was
working with problems from a textbook. (See appendix
tablss 3-35 and 3-36.)

Trends from 1977 to 1992 (Mullis et al., 1994) indicate
that students are using more sophisticated 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,
although they experimented less with plants. (See text

table 3-6.)

USE OF TRADITIONAL A ND ALTERNATIVE
ASSESSMENT TECHNIQUES

According to the science and mathematics standards,
assessment of student performance should require stu-
dents to solve problems, justfy 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 signtficantly, whereas 20

77
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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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states wete developme ar using alternative mathemancs
assesstients in 1991, 32 <rates were developing or using
them by 1993,

In 1993, clementary school teachers were much more
Likely to use nontraditional assessment techniques—-such
as participation, ettort, the results of mcerviews with stu-
Jenes,and imdinadual progress over past pertormance—tor
assessment than were high schoo! teachers, High school

teachers tended to use obyective tests and homework, but

R TR TR T

vrading methods vanied widelv. (See figure 3-37)
Testing, in whatever torm, 1~ becoming 4 more com-
mon activiy. Between 1978 and 1992, the number o 17-

year-old students who reported that testing oceurred
often i therr mathemaries classes increased from 04 to
R3 percent. (See text rakle 3250 More frequent resing
mav or mav not rranslate mtoamproved understandime ot
~crence and mathematies. A study conducred by the
Center for the Study of Tesunge, Evaluation, and

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 proficlency students proficiency
1978 6413 308 (1 71 33t N 2922 1) 310 5) 270(4 7y
1992 83(07) 308 (1 2y 16 (0 8) 301 (30 1(04) 270(58)
Y TE Sl a1 e ta A0 A rentrese

OE NS, . wry o vead R T R I Pus Repat g . [RAaRN + v 1 g ' [ A3
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FIGURE 3-38

Percent of test items, by type of test, use of conceptual knowiedge, and levels of thinking: 1892
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Conceptual knowledge Level of thinking

Educational Policy (1992 showed thar the most wadeiv
wsed standardized texts and textbook senes tor grade 4,
grade 8, and most high school subjects assess predomi-
nantly low levels of thinking and conceprual understand-
e, (See freare 3-38)) This inding was true tor both scr-
chice and mathematies.

lests that demand low levels of thinking and concep-

tual understanding are in Jdirect contrast to the standard<

call tor hugher level thinking and in-deprh 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.
O

ERIC
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Textbook firar

Science tests

Stancarcized Textbook final Standargizeo Textbook final

Conceptual knowledge Level of thinking

. Tests that demand low levels of thinking and con-
ceptual understanding appear to have more intluence on
the instruction n classes with large proporoions ot minor-
1ty students. For example, teachers of classes with high
proportions of nunoriey students reported spending more
class time prepaning tor standardized teses and reportedd
teaching ditterent content 1in an atrempt to more closely
match the tests. (See text table 3-9.)

RESOURCES

Well-cquipped classrooms are necessary to provide the
quadity ot struction called tor in the national standards.
This section examines the use, availability, and qualiy of
various supplies, materials, and tacilities available to s
ence and mathemaries teachers, as measured by teachery’
apmions of textbool  clasroom supphies and tacilities,
computers and netw. rhy, and calculators,

TEXTBOOKS

The most common Jassroom resource 1s the textbook.
While most science and mathematies teachers reporeed
i 1993 rhar their textlooks were either "eood.” “very

cood” or tescellent.” mathematies teachers razed ther

7Y
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TEXT TABLE 3-8

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

Minority presence

High-minonty class Low-minority class

Classroom preparation Science Mathematics Science Mathematics
Teachers prepare students for mandated standardized tests by
Teaching test-taking skiiis 75 84 42 35
Encouraging students to work .ard on tests T4 61 50 43
Teaching topics known 10 be on test 60 60 19 37
Providing test-specific matenal 29 38 6 12
Using stale or district test pregared matenals 1 14 [ v
Using praclice tests 20 32 10 12
Mandated standardized tests infiuence teachers to
inciude topics not otherwise taught Al 58 23 a2
Exclude lopics otherwise laught 41 39 16 20
INcrease emphasis on certain 1OPICS 67 71 38 46

NOTES “Mingnty” -5 Jetined as DIACK HsCand. As:an Pacd:c 1iander and Natyve - Amenc 30 Aldskdri regh minonty clgsses are Incse 'n wnich mare than 60 fercert ol sludents are minork@s  in low.
mnonty classes igss tran 10 Percent o' studenls are mMiNgMtes | eachars wih More 11dn One C1ass ware iesiructed 1o seiect he- 'rs1 MonGay class Exlant of nf.yence was nd.cated by esponsas ol

icme’ of fa ot "
SOURCE Centar tor Ire Studv of Tesing Evawanon and Educatonal Policy 15924
Evavanon and Educanonal 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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textbooks more favorable than did science teachers, (Sce
figure 3-39.) However, manv science and mathemaries
mstructors reported that they tend not to cover all of the
matertal included m textbooks. (See appendix table 3-
37.) In fact, berween 1986 and 1993, the percent of all
sctence clisses and the percent of grades 1-6 mathemat-
1es clusses covering virtually the entire textbook
Jdecreased dramatically. These data do not show whether
textbooks have changed in Lngth or quality, how texe-
hooks are used, or if teachers use additional or supple-
mental reading materials.

Overall, mathematics teachers cover more of thar
texts than do science teachers. This finding mav be
hecause scrence 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 15 more consensus within the mathematcs
community about which ropics should be addressed ina
particular course.

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

distributed equally across classes.

50
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TEXT TABLE 3-10

Percent of science and mathematics teachers indicating that each factor is a serious prol
for science and mathematics teaching, by grade range: 1977 to 1883
Grades 1-6 Grades 7-9 Grades 10-12
Factor 1977 1986 1993 1977 1986 1993 1977 1986 1993
Science
tatera s 'srondiwiduanzing Csttacton 30:23 30«18 362 H 2723 2727 3745 2822y 20227 381224
Funds fc- purchasing equ:prent of suppl.es S2.23) 30018 4A01125) 24122y 26126} 31:465) 271227 23123 36(23)
Access 'z compulers - 16118, 20413 - 23(25) 3733 177i21) 40t122)
Mathemat ¢cs
Matenia s ‘cf dividuahizirg ~struction VT tnnas 2932 21121 15122y 22:29: 191200 “G(12) 2419
Funds 1L7 Durchasing equic™<cnt Of suophes T o2 239 312y 11ty 30074 15018 212) 25121
Access i tomputers - 18415 22421 18(23) 4134 14014y 31125}
NTtappucdr e
T e 197 (0 e L50d @slmates for 1edL Tt O GTASES A N
“OTE Stanca s #Crs appedr « Lamntmases
SOURCES #ess « R (1087) Report 0° =0 "w35 86 nalona suney o seence a~d ma'mam i s eacdlon  Feses on foare Pan NC Research irange Instiute iess 147 Mat MO & S
B3 994 Sy o o e 1907 natong SLn ey O SCONCe and MAThe TGS £TuCdT Tz mor NOOHCr2ar Heaeare™ mC Aranss 1 R 1038 123 Agrong. sun ey of T ente ant rainemancs
oJualion U7 p L0 shed tabuiahons
CLASSROOM SUPPLIES AND FACILITIES reported to the NSSME that a lack of funding for equip-
ment and supplies i~ one of the most serous problems or
Overall, studies show that serence and mathemanes barriers they encounter. {See text tahle 3-10.) The prob-
lasses do net recerve adequate suppore tor supplies and lem grew considerably since 1977, when abour 27 percent
cquipment. In 1993, about 36 percent of all wience of all scrence teachers and 14 pereent of all marhematics
reachers and 27 percent of all mathemaries reachens 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 equiprnent are needed but not available, by percent minority in class: 1993
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FIGURE !-~41

Mean percent of schools with computers that use 16+ bit computers
(80286 and higher processors): 1989 and 1£92

INDICATORS OF SCIENCE AND MATHEMATICS EDUCATION 1995
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percent of 1 2th-erade science teachers reported that the COMPUTERS AND NETWORKS
equipment. tacilities, and supphies they had availlable
were only poor or fair. (See appendix table 3-3%.) Although the standards r-commend that computers
The resources that are available to ~choals do not rlav an important role in the classroom et - ronment,
appear to be distributed equalle across classes. Teachers many science and mathematies teachers report that
SCo - ' > . R .
report that high school science classes consistimg ot more 1ceess to computers s aserows problem. In 1992, the

than 42 percent mimoriey students are 1eore Tikely than

: FIGURE 3-42
other high school science classes to need varous topes ot
cquipment that are not avafable, ncluding computers. Percent of students reporting
compurerlib interfacing devices, videodise and CD-
ROM plavers, and gas tor burners. (See frizure 3-400) by race or ethnic origin: 1992
TEXT TABLE 3-11

Percent of science and mathematics

50
classes reporting computer use: 1993
Grade range ‘0
Type of computer use 1-4 5-8 9-12 2
3
2
N
Ever used It Class 3 20
g
Science 522 4} 030 1025 d
Mathemalics TN 6013 1) 1412 4 20
Used 1in most recent class 0
Science 3106) 10N 410
fdathemat., 5 Jit i SR REU
Grade 8 Grade 11
T 11 L 1 oo T n '.

52

any use of computers in mathematics or
science classes during the academic year.
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tedi s number b sccondany stdents poer computer was

e, and the mean was cicht tsee appendin table 3

NMidh

- pesare the newer d more powerful mstrucnionat pro-
s Asar 102 anene U schools thae had compu -

TEXT TABLE 3-12

Percent of U.S. students ever taught a
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3

< qupmont s ol ind caneeot beosed T

computer skill or programming course,
by race within grade level: 1992

Grade
Skill or course Race 5 8 11
Srea e write 21 44 16
Aacx 8 3J 51
Cirer 28 19 52
et BETEEY LI nite 14 20 17
. ack 1€ 35 27
Other 27 30 24
Pascas white 11 13 v
Black 17 21 13
Other 18 19 13
Bas.c White 27 23 18
Biack 31 38 25
Oraer 31 40 25
T R A ] Ty S PRI L T T R N A

N . RN L NS ta

Percent ol schuols

Eieme: ‘ary

ers, ondy 17 percent ot lower secondary ~<chools and 29
percent of upper secendary schools had Te+ bie computers,
computers at ot bove the capaciey Can IBM 256 oran
Apple He. (See fipure 341 and appendix table 3-4¢5 A
much loser percentace of LS. schools have 16+ bit com-
puters than schools i other countries, especiaty fapan.

Moreover, sumple possession or computers 1s net sutt-
crene to support the recommendations in the standards
for mcreased and sophisticated use ot rechnole v In
1993, the nse of computers 10 science and marthematies
classes was quite fow—onaaven das, only 3 pereent of
arades 1 -4 saience classes, 4 percent of grades 3% «cience
classes, and 4 percent o erades 9-12 science classes used
computers as part of mstracton. Simlarly, students used
computers Juring thest dnost recend fesson inonlv 9 per-
cent of grades =4 mathematies classes, 6 percent of
crades 35 mathemuarics classes, and 2 pereent ot erades
9-12 machematios chasses (Wens, Matn, X simich, 1004,
(See text table 341100

Generally, m 1993, computer tse was highest i ele-
mentary mathetnarics. where 77 pereens of classes ted
computers at some point during the semester: in conirast,
ondv 40 percent of high school scrence classes and 34 per-
cent of high schoal matkemaries classes reported ever
using computers. Black students appear to be more likely
than whire students to use cemputers in science and
mathematics classes. (See figure 3-42.) In 1997, o hagher
pecsentage of black students than white stude 1ts reported
having been taught cach of a number of computer or pro-
gramnung skill~. (See texe table 3-12))

In addition ro computer use, network use 15 beginning
ro "catch on™ 1n schools s o way fo provide more cur-
rent and realistic mformaton tor science and mathemat-
tos classes and 1o b ip model the Jicusions and inter-

FIGURE 3-12

Percent of external network use for schools that use
external networks, by type of external network used within school level: 1982
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TEXT TABLE 2-13

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 funcuor 50 25 P30 8512 %
Fracusn 3107 28 2% 28123
Scrent.fi. 1 1G4, 2230 /T2 0)
Graghing 103 5410 1023

Nt T SCATe 370

hanees that occur wairhin the saentine and mathemat-

1es communities. CompuServe or other e-mad s most

popular across all arade fevels, (See higure 3-43 and

appendis table 3-41)

CALCULATORS

Many ditterent nvpes on caleulator are used in mathe-

maries ¢lissrooms. In 1993, tour-tuncuon 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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popular across all erade Tevels whereas, ar the hich
schaol level saentific and vraphing caleutators were
becomme more evidenr. (See text table 3-13.) The laree
percent of high school mathematies classes using graph-
mg calculators mav be indicanve of movement toward
the standards, wiich recommend more conceptual
approaches to marhematies.

In 1992, almost one-halt of Sthe and Lch-grade stu-
dents reported usime caleulators i science or mathemar-
1es classes {Anderson, 1993). [ 1992, Black Sth- and
I leh-erade studenes were more kel than students of any
other race or ethnic oriem to report any use of ¢ dealarors
in mathematies or science ¢lasses during the academic
vear. In Sth erade. 33 percent ot black students, 41 per-
cent of white students, and 44 percent of studenes o
another 1 oe or erthnic ongin reporting any use ot aaleala
torsan saencs or mathemoties classes dunng the acaderuie
vears i L erade, 3Q percens ot Back seadents, 44 per-
cent of white students, and 45 percent of stuaents trom
another race or ethnic ongn reported any use of caleula
tors during the academic vear tAnderson, 1993).

Students appear 1o have become mere adept at operat-
ing calcubiton, considering that in 1992 vignaticantly more
students ar each grade level eot correet inswers using a
caleulator on the NAED mathematies assessment than m
1978. {See ticure 3-44 and appendix table 3-42.)

CONCLUSION

This chapter examined indicators of the elementary
and secondary scrence and mathematics learning envi-
ronment in relation to the equiry and excellence stan-
Jards. Based on the indicators presented here, the learn:
ing environment 1s becoming more like the one envi-
sioned 1n the standards. However, while enrollment i
«crence and mathemancs courses 1y increasing, with few
Jifferences between the coursetaking patterns of males
and females, students from minority groups continue to
be underrepresented i horh science and mathematices.
And, despite the increases n enrollment, the number of
students completing 4 vears of high school science and
mathematics rematns fow,

The science and mathematics reaching foree 1 betrer
prepared and more involved in professional development
activinies than i the past However, Macks, Hispanies,
and Astans rernun underrepresented. Teachers are begin-
ning to mplement many of the recommendations i the
scrence and mathematies standards. In ceaeral, high
«chool teachers are the group most resistant to reform.
Despite recommendations to merease the use ot hands-on
activities and approach subjects in more depth, high
«chool teachers connmue to rely heavily on lectutes, and
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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 o run
modern software.

Future indicators volumes could be enhanced if addi-
tional emphasis were placed on gathering data on class-
room and informal® learning environments. Currently, lit-
tle coordination or consensus ¢xists among researchers
abour what types of data need to be gathered. Accurate
financia! 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. B

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.

ao
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Posisecondary Educarion

B postsecondary sostem s umgue 10 s missten nd stansoe s and maany warkers, trom electricrans o

T Creaie PI’UJHCCF\ o sC1encee _1[]\] [Qghnnl.n‘v\ —_ stockbrokers, use statistical know lL’LlL'L‘ 1 therr work.

WICTATs, eneinecets, technologists, and ediea- ¢ Intormimg conamers of science and rechnologs
tors—w ho discover, swinthesize, and transmin knowledee Clitizens are exposad to scrence and engineering in
that tcreases undersiandme ot the nonural world. therr evervday Tves. Thev need 1o be educated bt
enhances the qualiny ot Tte, and strenethens the ceonom- how to mirerprer scientitie and technoloecal morma-

1 and ~ocial tabric. Recens v however. the postsecondary tion m order to make ~ound Jdecraons about comni n

wstem has aequired additionat raless vSee sidebar on ctivit: ~ such as poarenung, consumme, and plannime

postsecondary education) These rofes invalve retirement.

& Preparmye workers roapply sacence and rechnalogy, To & Achieving cquiiy within the science and technoloe
be compentve, workers monearly all nelds must be able CommunIEy. Current society Presstres are ineresing
toapph avanery of mathematical, engimeering, and recrnnrment of eroups that traditiendally have been
Pastc serence ~kills to production o top-guabiny woods underrepresented m or underserved By saence and
and services. For example, anvone who records and recht aloey educanon—temales, Mack<, Hispanies.
interprets trends 1 dara must comprehend mathemaries Natve Amenicans. and people with disabilities

(Simp~on & Anderson, 1992).

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,
budgetary support, and technology.!

In r=zms of value, students, parents, and policy makers are placing increasing pressure on colleges and universities
to raake 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 leamning 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 pusisecondary 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 1ore and more institutions to consider how changes in information technology
make the ¢zlivery 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 graduares 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 1980s the populations of Asians and Pacific Islanders living in
the United States increased 99 percent, while the number of Hispanics increased by 54 percent (U.S. Bureau of the
Census, 1994). In addition, the proportion of students attending college from groups that historically have been under-
served by science and engineering—older students, females, racial and ethnic minorittes, and people with disabilitizs—
increased.’ In light of such factors, educators and policy makers are reexamining how better to meet society'’s needs and
pressures. W
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POSTSECONDARY FDUCATION

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 wse of technology; science and engineering
encompasses all natural science, engineering, and
social and behavioral science fields; natural sciences
include study of earth sciences, azmospheric sciences,
acean sciences, life sciences, mathematical and com-
puter sciences, and physical sciences; social and
behavioral sciences include the social sciences and
psychology. (See figure 4-1.) W

The signtticance of these roles has increased because
rhe mtluence of technology on socieny has made saience
and technoloey cducation an important conerthutor o
nattenal cconomic prosperiey and ~societal well-beine.
¢=ee sidebar on termunologs and freare 44100

This chapter conaders the characterisoes of ~tudents
within the postsecondary svstems and exanunes the stare

of science and engineering educaton within the contexe of

the postsecondary envirenment.

FIGURE 4-1

A map of the science
and technology fields used in this chapt. r

Science and Technology
= Science and Engineering

I~ Matural Sciences and Engineenng

— Naturat Sciences

—— Earth. Atmospherc
and Ocean Sciences

-— Life Sciences

— Mathematicar a~d
Computer Sciences

— Prysical S

¢ nnces

~—- Ergireennq

——- Soucial and Bzhaviorcl Sciences

L—- Social S¢iencas

l._. Psychology

-—- Science and Engineering Technologies

STUDENT CHARACTERISTICS

Srudents today aspare to lugher levels of educanion
than therr recent predecessars and are enrolling m post-
secondary mstturions i greater numbers, The section
below deseribes student haractenstics in terms of student
asptrations, enrollment patterne, and science and enw-
neering coursctahime,

ASPIRATIONS

In general, todav's lugh school students aspire to
attend college and seek advanced degrees momuch larger
numbers than Jdul therr predecessors. (See sidebar on win
more students are attending college on page 76.) Alout
90 percent ot 1990 hugh school sophomores believed tha
thev would artend ar least some college, compared wirh
about 70 percent of 1950 sophomares. (See tigure 4-2 and
appendix table -1 Almost 60 percent ot high school
students suryeved in 1990 sad they intend to seek a 4-
vear or graduate dearee, up from about 40 percent in
198Q. Ot nore 1~ the growth in the percentage of female
students who intend to earn a graduate dearee. In 1988,

FIGURE 4-2

Percent of high school sophomores
aspiring to various levels of education,
by sex: 1980 and 1930
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WHY ARE MORE STUDENTS ATTENDING COLLEGE?

One reason more students aspire to higher levels of education than in previous vears 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
increased by about 1 million, while the iumber of blue-collar jobs fell by about the same number (Bureau of Labor
Statistics, 1993). In addition, since 1979, the salaries of individuals who have at least a bachelor’s degree increased
at much higher rates than those who ended their education after high school (Hecker, 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 siudy that asked 1993 college treshmen 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 perzent 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
wanted to make more money. In both 1993 and 1976, about three-quarters of the surveyed students cited a desire to
learn more about interesting things as a very important reason for attending college (Deéy, Astin, & Korn, 1991;

Astin, Korn, & Riggs, 1993). 8

just 19 percent of female high school studenes aspired to
this level, compared with 31 percent in 1990 For com-

parison, i 199, 24 percent ot male lugh school sopho-
mores eapressed a desire to carn i eraduate dearee, up

trom IS percent in 1980
ENROLLMENT
Owver the past 28 vears, the proportien of high sehool

eraduates who go directly o to college has increased from
49 1o 02 percent. (See figure 4-3 and appendix table 4-2.)

This rate has increased because the number enrolling
college within 12 months of their high school eraduanion
remiatned steadv over the penod, while the number of high
school graduates dechned. The number of postsecondary
students with timited Enelish proficiencey 1s growing, also,
largely as a rewult of increases in immigration from Aswa,
the Pacific Islands, and Latin America (Rosenthal.
1992/1993).

Students enrotled 1in college in 1991 were more hkels
than their predecessors to be attending school part time
and less Likely to be 21 vears old and vounger. Between

FIGURE 4-3

Number and percent of recent high school graduates and number who cnrolied in college: 1972 to 1992
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FIGURE 4-24

Total fall education enroliment, by attendance status
and percent of students who are 21 years old and younger: 1970 to 1991
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1970 and 1991, the number of postsecondary students
who were enrolled part nime increased from 2.8 mullion to
6.2 million, vr trom 32 percent to 43 percent of the total
enrollment in postsecondary institunions. (See figure -4
and appendix table 4-3.) The propornion of full-time stu-
Jdents 21 vears old and younger decreased from 74 percent
in 1970 to 39 percent in 1991, The proportion of part-
ume students 21 vears old and younger decreased trom 16
percent m 197¢ to 13 percentin 1991

FIGURE 4-5

Total fall enrollment in postsecondary
institutions, by sex: 1970 to 1998 (projected)
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RACIAL AND ETHNIC GROUPS

Simlaris, the ethme .md rocial compositen of post-
secondany marintons has Jnced simee the 19780 (See
neure -0 and appendi table 43V In 197600 whites made
up S percent of UL atizens enrolled m postsecondary
mstitutiers, By 19Tt proporten had fallen vo 79
percent. g the mters enimne 13 vears, the enrolliment
ot blacks, Hispanics, ond Native Americans increased
35 percent. whule enrcdlment cr whites moreasad by st
21 percent Despite these mcreases i enrothnent. the
total numicer b Bachelors degrees camed By these mmeor-
ity groups seredsed only 33 percent Juring this peniod.

One reasen tor s dspanty s that 2vear imsaitutiens
enroll parirealarly hich progomens ot Fack Hispamic,and
Natve Amencan postsecondany students. esee appendin
table 4 3 1 Tovether, thee eroups accounted tor 28 percent
ot the encellment i 2avear mstiunon and 14 percent m
4ovear insnapons, In 1991, akoat 3o percent ot Flispanig
sudents, 33 percent of Nany e Agnerican students, and 43
percent of Fack students enrolled mpostsecondary edue
ton were enrolled m 2acar imstrunions ONCES, 1909400,
i compartson, 40 pereent of Astan students and 3 per-
cent of white students were enrolled m 2-vear msttunons,

INDIVIDUALS WITH DISABILITIES

Access to postsecondary education sakey tomdivid-
ual financial success and independence. A 1987 study
(Farrweather & Shaver, 1990 showed that stwdents with
Jisabititaes mav not be artaning access ro postsecondary
education in proportions equal to the general poputa-
ton—only 28 percent of orthopedicallv imparred, 24 per-
cent of speech-imparred, 33 percent of hearmg-unpaired.
and 40 percent of visually anpared higly school eraduaces
ook ar least one course i a 2- or 4-vear metitution with-
m a vear of eraduation (Faurweather & Shaver, 1990 In
1990, about ~ percent of all undergraduate students had
wome torm ot a disabthiey. About the same proportien of
araduate students had some torm of disabiliy ONSE
1994¢), The proportion of students with disabthities i s
ence and engmeenny tields s amilar.

COURSETAKING

NMost students, even those whoare not saence or enyt-
Aneering mators, tike one or more science courses betore

FIGURE d4-4

Total fall enroliment
in postsecondary institutions.
by race or ethnic origin: 1976 to 1891
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they graduate. For example, m 1991, about 8O percent of
andents o ho camed a bachedors deeree i a hield other
than the hte and physacal sciences ook one or more
courses 1 these tiehls about 17 percent of these took five
OF ThOTE cotirses. (See tieure -7 on page 79 and appendix
table 4-0.) The same patrern existed for mathematies and
computer sciences courses. However, almost all nonmajors
raok at least one course n the soctal and behavioral sci-
ences dunne ther undereraduate carcers: about halt took
fIVE OF INOTE COUrses. FEw NON-CIence or -engimeenng
majors took enaineering courses. Males were shehtly more
hkely to luve taken at least one course 1 any soience or
engineering ticld than were temales. ySee sidebar en
ternale achievement and ficure 4-%0)

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 carned bachelor's degrees in 1991 graduated with a grade point average (GPA) of 3.0 or better
on a 1.0 to 4.0 scale. (Sce figure 4-8 and appendix table 4-7.) Only 47 percent of males camed a 3.0 GTA. Females
outperformed males in all science and engincering major fields—the largest disparities were in mathematical and com-
puter sciences and engineering. Males” grades were most simalar o females’ grades i the life and physical sciences. B
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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: 1394
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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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SCIENCE AND ENGINEERING STUDENTS aals with habdhines ¢ Ce ticures £49 and 4210 and appen-
Jix tables 445 and 429 This 1s true particalarly within the
~crenee and enaineertg studenes have nany character- natural ~ciences and engincerme. With artenuon to these
ssaes that make them nigque when compared s 1 group unique haractenisnies, this section examines the prepara-
with the eeneral popalation of postsecondany institutions. ton of students who intend to major i science and engi-
For nstance, several croups histonically have been “under- neering fields, the flow ot students nto and out of science
represented” i science and engmeerma, including and engimeering majors, coursetaking among these stu-
females, blacks, Hispanies, Navve Amencans, and individ- Jents, financial support, and deeree production

FIGUR™ 4-8

Percent of population that is black, by population group: 1990
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FIGURE 4-10

Percent of population that is female, by population group: 1990
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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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PREPARATION
Overall, hugh «chool students who plan o magor i the
natural sciences or engineering were betrer prepared n

1993 than in 1990, For example, between 1990 and 1993,

the percentage of intended natural science or engineering
majors who took calcutus in high school increased from
about one-quarrer to one-third. (See tigure 4-11 and
appendix table 4-10.) The proportion who took phvsies
mereased by % percentace pornes over the period. Many
more students who intend 1o major i natural sciences
and engineering take advanced mathematies and seience
courses [h;]n \[udcn(\ \\.hl\ ll](L'nd some nl’hcl‘ cullcuc
magor. {See sidebar on preparanon and freure 4-120)

PIPELINE

As high schoot sophomores, about 23 pereent of males
and [0 percent of temales planned to srudy natural -
ences or cngmeertng m college (NCES 19940, Almost
37 pereent of males and 79 percent ot temales. through-
our high seboal and college, never expressed the mien-
tHion fo maor m the natural saences or cngineciing,
whereas onby 4 percent ot nades and | pereenr of fenales
enpressed consistent nserest throughout hieh school and
collese m matonng i these tiekdh, (Seereae table 4410

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
39 percent of faculty members from Hong Kong. (See
figure 4-12 and appendix table 4-11.) These percep-
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
ke lowest—the United States—was the one with the
lowest faculty perceptions. M

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
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TEXT TABLE 4-1

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

1980: High school sophomores 1382. Hign school seniors

1984 Colleqe sophomores 1986: College seniors
intended tetd) ¢ntended tiela) (actual or intended held of study) iactual or intended field of stuay}
Male Female Male Female Male Female Male Femala
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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: i980 to 1986

Higi school sophomores (1980) High schoof seniors (1932) College sophomores (1984} College seniors (1986)
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For manv vears, educators believed that studenes who
eventually became scrence or engineering majors in college
made up their ninds early, in elementare or secondary
«chool, about cherr career intentions. Thus, analvsts
assumed thart, although manv studenes dropped out of the
wience and engineering “pipelime” as therr educauonal
careers progressed, few new entrants replaced them along
the wav However, the High School and Bevond studv
(NCES, 19940) indicates that the svwtem s more open.
(See tigure 4-13.) Manvy students drop out of science and
engmeering majors, some enter, and some students chanue
therr intentiens several tumes betore choosing a magor.!

Quite a few studenes wiho magor in scence or engineer-
g in college deaide to do so relativery late in their
undergraduate careers. The High School and Bevond
sudv (NCES, 1994a) tound that abour 30 percent of stu-
Jents who were high school sophomores i 1950, and
who ulumately became natural saence or engineeriny
majors i college, chose this direction somenime atter
POsd—probably ateer thetr second vear on college. (See
text table 4-1.) This suggests that, it policy makers” objec:
nive 1s 1o merease the number of mogors nd deereess m
addition to emphasizing retention strateaies, they should
constder wavs of attracting students whe are turther along
m thetr postsecondary careers.

Overall, many more students drop ont of natural sci-
ences and engimeerme than enter. O Gourse, adi colleee

fonmealtar

L T P F R DTN

deparrments face attnition, as therr students switch to
other majors, but not alt face net attriion. However, the
natural sciences—and. to a lesser extent, engineering—
are partcularly susceptible o attnnion. According to the
High School and Bevond study, onlyv 40 percent of stu-
Jents who mtended to major i natural sciences or enw-
neertng as high school sophomores were actuallv in a nat-
ural science or engineering magor as college sentors.(See
text table 4-2)

Indeed. a 1991 seudv by the Higher Educanion
Research Institute tound that onby about halt of students
who, m cherr first vear of college, had declared or intend-
ed a major i the natural sciences followed through with
therr plans by the time they were inor approaching therr
senior vear, (See tieare 4-14 and appendix table 4412
About 62 percent ot engineering students, and more than
63 percent of students who mtended to major i English,
the soctal sciences, tine arts, education, or history, fol-
lowed through wich thetr onginal plans.

The Hhgh School and Bevond studv data mdicare
that the pool of studenes interested m natural scrence
and engimeering shrank most atter the sentor vear m
lugh school and betore the sophomore vear in college.
Tust over halt of the net decrease in the number of -
Jents with an actual or intended magor in natural sa
ences or engineering occurred during this pertad. e
rext table 429
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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) Senlors (1986}

Male 278 230 143 11

Female 103 100 65 40

SOURCE National Center tor Educaticn Stausucs. (1934a)

High schooi and bevong Study. 1980 to 1992

Urpublished labutanons

FIGURE 4-124

Percent of 1987 first-year undergraduate students ir 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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otten attnibured ther deasion toa loss of mterest i nat-

aral ~science and engineening coupled with mereased
mterest m other frelds, poor quahey of teachimg, an
mtlexible curniculum, tast course pace, and a sense that
the career options and rewards i narural sciences and
enemecrmy were not worth the ettort
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Simvlarly, Tinto (1988) arened thar snudents who leave a
particular college or college magor betore completny therr
studies otten do o because they teel alienared trom other
studenes o taculty or because they are unable o make the
transttion trom their old peer group toa new one. This
nability o make necessary peer connections mav be a par-
tcular problem tor students trom groups histoncally un.ders
represented i science and engimeening, including blacks,
Hispanics, Narve Amenicans, and temales,
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Attrition among minority students i science and engi-
neering may also be due to a vanery of other socal and
academic obstacles. (For example, see Holden, 1992;
Culotta, 1992.) Among these obstacles are financial diffi-
cultizs, poor precollege preparation, low expectations
from instructors, negative peer pressure, difficulty brida-
iny the gap between their cultural Wentity and the world
of science. and poor access to information on postsec-
ondary educational opportunities.

Reasons for high attritton amone female science and
engineening students may include a lack of, or damaged
sense of, self-confidence or self-esteem; stereotyping of
science and engineering as “male” Celds: experiences of
aender hias; distaste tor the competitive nature of science
and engineering education; psychological alienation: an
inability to get adequate academic gurdance or advice:
and low taculty expectations (Frazier-Kouasst et al., 1991
Sevmour & Hewiee, 1994).

To encourage retention of females and students from
underrepresented racial and ethnic groups, some postsee-
ondary institutions have sponsored campus-hased cfforts
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-
mentary and secondary school systems (National
Research Council, 1992; Martyas & Malcom, 1991).

FINANCIAL SUPPORT

In the late 1980s and carly 1990s, private and public 2-
and ¢-vear institutions rased tuition and fees signiticant-
I 1n response to mcreasing costs and, for public inatitu-
tions, declining or tlat state appropriations levels.
Between 1985 and 1993, tuttion and fees in 4-year insti-
tutions increased by about 40 percent, in real 1993 dol-
lars. (Sce appendix table 4-13.) The percentage increase
was slightly more in public 4-year institutions and slightly
less in private 4-year institutions. Public 2-year college
tuition and tees increased by about 3Q percent.

Between 1981 and 1993, the buving power of Federal
student aid grants eroded rapidly. In 1981, the maximum
Pell grant (the main Federal grant program for low-
income students) covered 31 percent of the average edu-
cational expenses at a private 4-vear institution. By 1993,
the maximum grant covered just 16 percent of taat cost.
In its place have come student loans (Blanchette, 1994).

Originally concerved as a mechanism of support tor
middle-income students, loans have now become the
major student ard program for low-income students. As a
result, just under halt of all bachelors degree recipients in
1993 prraduated from college n debt, compared with

about one-third of graduates in 1980, The median debe of
these students i constant 1990 dollars mcreased trom
about 34,000 in 1980 to about $7,000 by 1990 (U.S
Department of Educatton, 1993).

Roughly half of 1990 hachelor’s degree reciptents who
hold postgraduation occupations in the science and tech-
nology labor market had college debt. (See appendix table
4-14.) Graduates emploved as elementary and secondary
teachers und engineers were most likely to have accumu-
lated debt duning therr college years. Graduates working n
computer science were least likely to have graduated with
Jdebt. This debt accounted for a large fraction of some
graduates’ median first-vear income—trom about 40 per-
cent tor social scientists to about 20 percent tor science
technicians (U.S. Department of Education, 1993).

About 24 percent ot 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 tinancial 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
receive direct Federal support in the form of competitive-
ly selected fellowships or traineeships. (See figure 4-15
and appendix table 4-15.)

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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cent of black studenrs and - percent of Hispanie s
Jents are supported Iy nmiversity sources. (See tigare 4415
and appendiy tble 44159 A comparativels hugh propor-
ton Gibout 77 percent) of foreten students are supported
Py unsversity sources. This s duesin part, o ther lich
concentrations m frelds such as engineering, where assist-
antships are prevalent, and ther inehigibrhey tor Federal
craduate student fellowship programs.

Blacis are more hikelv than other racial and ethnie
aroups 1o finance ther gradaare education trom personal
saurees, such as loans, or other sources, such as nanonally
competitive tellowships, business or emplover funds, and
SLIfe governments.

DEGREE PRODUCTION

Bachelors degrees account for the vast magoriey of all
wrence and enaineerimge Jegrees awarded inoany civen
ver (See stdebar for mrernatonal compartsons and tig-
ure 4-16. For every 14 saience and enaimeerig bache-

OF SCIENCE AND MATHEMATICS EDUCATION

1995S

lors degrees awarded i 19910 1 science and engimeerime

Joctorate was awarded. (Fee tieure 4417 ind appendix

[.IHL‘ +4-1 T.\

Benween 1971 and 1991, the number of science and
enaineering degrees mereased ar all Tevels, except the
assocutte degree leve! RBachelor's degrees awarded in s
ence and enameermg increased by 15 percent. masters
Jegrees increased by 39 percent. and doctorates inereased
b 23 percent. By broad tield, the toflowime rends
cmerged berween 1971 and 19917
¢ Engincerine degree production increased at the bache-

lor's, master’s and doctoral levels. The mcereases

ranged from abour one-third ar the bachelors fevel o

almost one-halt ar the docroral leved.

& Natral saience dearees increased Iy T percent an the
hachelors level, 24 percent at the masters level, and
17 percent at the doctoral level.

& Soctal and Fehavioral sciences degrees mcreased by 10
percent at the bachelor's level, 48 pereent 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 compasable 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
Korea. (See figure 4-16 and apr-adix table 4-16.) The proportion of males who earn natural science and engineering
degrees ranges from a high of about 11 percent of male 22-year-olds in Japan to a low of about 3 percent in ltaly. 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. i

FIGURE

4-18

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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rers level and 19 percent an the docteral fevel isee

appendi tables 4415, 419 and 4200

EFven theach the absolute number of science md engi-
neerig devrees awarded rose substanually between 1971
and 1991, science and enamceering bachelors degrees
Jecreased s proportion ot total baccalagreares: they
accounted tor 33 percent ot atl baccabanreares awarded m
1971 bur only 31 percent in 19910 (See tieur » 4-18)

The proportion o science and engimeering master’s
Jdearees stved about the same—almost one-quarter of all
master’s Jezrees. On the other hand, saience and enar-
neering Jocterates mereased as apercencage of all doctor
Al awards: saience and engineening doctorates accounted
tor o] percent ot all docroral deerces awarded i 1971
nd about 04 percent in 1991

sex. Althousn emales carned the magorny of lachedors
deerees awarded nn allacademic nelds m 1991, they camed
only about 44 percent of science and enaimeenng bache-
lor's degrees (NSE 199400, Females carned 36 percent of
soctland bebavional sciences bachelors degrees, 41 per-
FIGURE 4-17
Science and erngine 2ring degrees awarded,
by degree leval: 1971 to 1991

RN

Bachelor's
1€ 00C

*5C 500

30000

tane IR X 983 H gt

cent an the bachelors degrees awarded mthe narural ~ar-
ences, and quse 1o percent of engmeerins bachelor's
JegreesaSee appendix tible 42150

Females also carned the majorre ot master™s degrees
anrded moall fieldss hoveever, thev carned just 36 per-
cent ot sarence and enaimeering moeter’s degrees (NSE
19940). Females carned 34 percent of the master's degrees
awarded 1 the social and behavioral sciences, 36 percent
ot natural sciences masters dearees, and 14 percent ot
engteerime master’~ deerees.(See appendiy table 4190

Althoush renuales carmed 37 percent or all doctoraces,
thev carned just 25 pereent of doctorares mscrence and
engineening (NSE P90 Females earned 48 percent o
Joctorates in the soaab and behavioral sciences, 2o per-
cent of Joctorares within the natural sciences, and 9 per-
cent of engmeermy Joctorates, (See appendis table 4-280

The wap berween the number of saence and enameer-
g degrees awarded to temales versus muades ar all degree
fevels has narrowed over the past 28 vears—mostly because
the proportion of mates who carned dearees inthese tields

FIGURE 4-138

Science and engineering degrees awarded
as a percent of degrees awarced in all fields,
by degree level: 1971 to 1991
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Jeclmed, whnde the proportion o temates incie sall (see
treare - 19 and appendis table 4-290)

The cap Borseen the proportien ot modes e fremales
who camaed saence and engimeernng Jeerees turrowed
most at the Bachelors deeree level In 1971012 males
versus 3 pemnies per hundred 22vearolds recened a
Pachedors decree m saience and enwoeerme. By 1991018
males versns S tentales per hundred 22 vearoids recened

abachielors decree i science and engineenng

FIGURE 4-18

Science and engineering degrees
awarded per hundred U.S. population.
by degree level and sex: 1971 to 1981

Bachelor's degrees per hundred U.S. population, 22-year-olds

Male

TS Farmala te srnesiiees

AT 475 ‘979 ‘83 R:h *9g91

Master's degrees per hundred U.S. population, 24-year-olds
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Doctoral degrees per hundred U.S. population, 30-year-olds
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At the Jdocroral fevel, a Lirge dechine v the number o
nuales enrolled 1 science and enaimecering —rather than
m morease n the nember of temales enrolled in scienee
and engincermae-—narrowed the wap. In tact, the propor-
tion ot the temales who carned «crence and enameering

Joctorates remaed Hat tor most of the peniod Between
1971 and 199,

RACE AND ETHNIC oRIGIN. Dlacks and Hispanies
rematn underrepresented m saence and engimeening. In
1991, althoueh Blacks made up about 14 percent of the
college-ave popalation, thev camed just over 6 pereent ot
the sarence and enaineering bachelors dearees conterred
to U8 citizens. (See frnire 4208 and appendis table 4-220)
Atrer a Jdechne mihe 19304 the number of saience and
enancerme bachelors devrees anwarded 1o blacks in 1991
returned to 1977 levels. Blacks recerved atotal o st 3o
more sarence and envimceeting bachelors degrees in 1991
than in 1977, (Sec appendix table 4-220)

Suslarly, Hispanies made up 11 percent of the col-
lege-age population, but carned not quate 3 percent ot
~crence and enaineering degrees; however, their repre-
<entatton has increased markedly. (See sidebar on con-
centration of eneieering deerees and trieures 4-21 and 4-

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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A FEW SCHOOLS AWARD MOST ENGINEERING DEGREES TO MINORITIES

In 1993, blacks and Hispanics each carned about 4 percent of engineering bachelor's degrees (NSF, 1994e).
Roughly one-third of these degrees earned by blacks were granted by just 10 colleges and universities. (See figure 4-
21 and appendix table 4-23.) Five of these institutions are historically black colleges and universities, and two offer a
Jdoctorate 1n engineening. Simularly, in 1993, just 10 postsecondary inst:tutions 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. (See figure 4-22 and appendix table 4-23.) B

FIGURE 4-21

Ten colleges and universities that award the highest number of bachelor's degrees
in engineering to biacks: 1993
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Southern University
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Tuskegee University
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A & M Untversity
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FIGURE 4-22

Ten colleges and universities that award the highest number of bachelor's deg ces
in engineering to Hispanics: 1993
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90 INDICATORS OF SCIENCE AND MATHEMATICS EDUCATION 1995

220 Hhispaies earned 55 percent more bachelor's degrees
n science and engineerimg i 1991 than in 1977,

Over this same pertod of tme, the number of saence
and engmeering bachelor’s degrees awarded to groups not
underrepresented in science and enaineening remained rel-
anvelv constant overall. Although the number of scrence
and enaineering bachelor’s degrees awarded to Astans more
the  ripled, the number of degreer awarded to whites
Jeet ased by 6 percent. (See appendix table 4-220)

Rlacks and Hispanies dare even more anderrepresented
at the masters degree level than e the bachelor’s and
<0l more underrepresented at the Joctoral Tevel, Tn 1992
Ilacks carned just 2 percent of the science and enamecr-
me doctorates awarded to U0 aizens, and Hispanies
carned about 3 percent. (See appendix table $-240

FIGURE 4-23

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

Black females earned about the same number of science
and enaineermy doctorates as black nules n 1992 —the
number of Black females carninge doctorates mcreased
dightly and the number of black males earning doctorates
Jdeereased shghtly berween 1982 and 1992 (See figure 4-
23 and appendix roble 4-25.) Althoush Hispanie females
were earning mcreasingly more enginecring doctorates,
the total number of Joctorates thev earned stll lagged
hehind the total number of docrorates Hispanic males
carned. (Sce sidebar on diversite and frigure 42240

FOREIGN STUDENTS

Benween 1972 and 1992, the number of ~cience and
engineenne doctorates awarded to foreten students by UK,
postsecondary mstitutons more than Jdoubled, althouch
the number awarded to US. cinizens declined shehely. (See
troures 4-23 and 4-20 and appendix table 42200 In 1972,
toreten students carned 28 percent of scrence and enai-
neerimy Jdoctorates: by 1992 thev camned 38 percent.

The science and engimeering field with the highest

360 proporton of foreten graduates 1+ enginecring. Forewn
Blacks

250
o ARE POSTSECONDARY INSTITUTIONS
€ 150 DOING ENOUGH ABOUT DIVERSITY?

* o0
Despite a large postsecondary educational infrastruc-
* ture and perhaps 20 years of effort to diversify the sci-
© g2 1983 198 1985 1036 1087 f088 1989 1990 1991 1992 ence and engineering workforce, few institutions are
’ ' producing large enough numbers of black and Hispanic

300 doctorates to achieve true diversity. In 1992, universi-

250 Hispanics ties awarded only 5 percent of science and engineering

o doctorates to blacks and Hispanics, collectively {NSF,
5 1993b). That year, although 366 postsecondary institu-
£ 150 tions awarded one or more science and engineering
% 0 doctorates, nearly two-thirds of these institutions

" ;;;ﬂ‘mﬁ et awarded no doctorates to blacks, and @wer than half of
these institutions awarded even one science and engi-
’ 982 1983 1981 1985 198 198 1988 1983 '990 1991 1997 neering doctorate to a Hispanic. (See figure 4-24.)
Diversifying the science and engineering workforce

0 may be possible only if postsecondary institutions

~53 Native Amencans increase access to science and engineering study.

- Blacks and Hispanics come from backgrounds histori-
g cally overrepresented at the lower socioeconomic stra-
g% 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

Mal" e college at lower rates than those from higher income
" 982 1983 1981 1985 1086 ‘087 1988 1083 990 1991 1992 families. For example, 25 percent of blacks who gradu-
ated from high school in 1980 and who are from fami-

B lies in the top socioeconomic quartile have since
By P ' obtained bachelor’s degrees. Only 8 percent of blacks
e from the bottom quartile have completed college. B
O
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squdents carned about 01 percent of all enaimeerig o
rorates 1 19920 I the nataral sciences, foreren students
carned 41 pereent of the docrorates and e socal and
behavieral scences, they eamed 25 percent. In non-ser-
ence and -enaineering tields, toreren students carned only
17 percent of the doctorates. The magonty of foreen stu-
dents stadvimg sarence and enemcermg i the Unied
States are from A

The opporrunicties at home tor many torewn scence
and engineerme doctoral recprients lone macased during

the past 20 vears as the cconanies ol Ly Gountries, rar-

nenlarke those i A, have expanded As reealt, more of

these students are rerurnime home than m previous vears.
In 1970, arout 34 percent of the torcwen saience and enwr-
neennge Jocterate wecaprents plinned to st m the Unned
States uter wraduaton. pwstly o swork moacademia or
indusers, In 1992 about 44 percent planned to stav i tw
Ulnited States ONSE o930y

FIGURE 4-24

Number of institutions awarding science and
engineering doctorates, by race or ethnic origin
of recipient: 1992
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TECHNICAL STUDENTS

Individuals with techiieal tramme glav an mpertant
role mothe abilinn othe United staes to mamtun and
advance s economic postiron e the world (Collins,
Cientry, & Crawdey, 1993 The most common tvpes of

FIGURE 4-25

Science and engineering doctorates awarded,
by citizenship of recipient: 1972 to 1992
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FIGURE 4-26

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

Total number of engineering technology
degrees awarded, by degree level: 1975 to 1991

o1 300

Associale

1 49000 /—

W0 050

Partrtuet

T975  aTY 1979 131 1983 1985 1987 1089 199t

technieal degree awarded are in engineering technolo-
cres. (See hieare 4-27 and appendix table $-27.) Other
tvpes of technical deeree mnclude seience technologies,
communications technologies, and healeh technologies.
During the past 13 vears. the numiber of students who
carned technical degrees and certificates mcreased at all
Jegree levels (NSE 199400,

In 1991, most students who studied engineering tech-
nologres recenved assoctate degrees, s opposed toany
ather tvpe of degree. Between 1975 and 1991, the num-
ber of engimeering technology ascociate degrees mereased
v 46 pereent, although the 1991 Tevel s a drop tfrom s
peak level m 1982, Bachetor's and masters degrees in this
field have doubled and tripled, respectivels. (See sidebar
on techn ans)

TECHNICIANS ARE NoOT
JUsST JUNIOR SCIENTISTS

In a 1993 study of science technicians, Barley and
Bechky found thar, 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
two occupational groups is more collaborative than hier-

archical (Barley & Bechky, 1993). W

THE CARNEGIE CLASSIFICATION

The Carnegie Classitication, developed by the
Carnegic 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 universiries 1in the United States that are
degree-granting and accredited by an agency recog-
nized by the U.S. Secretary of Education. Used as a
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. Il

POSTSECONDARY LEARNING
ENVIRONMENT

In 1994, there were 3,600 postsecondary imstitutions m
the United States. (See sidebar tor detinition of Carnegie
Classification.) This was a net increase of about 200 sn-
tutons sinee 195370 (See appendix table 4228 The
Jreatest mcrease wits among 2-vear colleges, with a net
increase of more than 100 institutions. [n 1994, 2-vear
mstitutions accounted tor a full 40 percent of all postsee-
ondary msticutions: this was the largest single mstitutional
category.  (See tfieure 4-23) Doctoral-grantimg institu-
tons, which make up enlv 7 percent of the postsecondary
whools, award the Lirgest share ot bachelors, master’s, and
Joctoral science and enemecrmy degrees (NSB, 1993,

FACULTY

The representation of hlacks and Hispanies s lower
withmn the natural scrences and engimeerning fields than i
ctther the social and behavioral sciences or non-science
and -eneineering fields. (See figure 4-29 and appendix
table 4-29 For example, blacks make up about 5 percent
ot all postsecondary taculey, but onlv about 3 percent o
matural scriences taculty and less than 3 percent of faculty
in engimeerme. Fenvales are most underrepresented
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FIGURE 1-28

Institutions of higher education,
by institutional type: 1994

Doctorate-granting
nstitutions 77

taster s-

granting

institutions
15%

Two-year
colleges
141%
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grantina
insttuticns
18%

Tabal
colleges 1%
Specialized granting
institutions 19%

cngmecting. Althoueh they make up alout ene-third o
All postsecondary taculey, they account tor about 15 per-
cent of taculty i the natural ~ciences and only about o
percent of engmeering faculty, (See nigure 4230 and
appendiy table 42300

One Jithiculry that postsecondany msttunons have m
liverstvimy therr worktoree s the small pool ot jobs apph-
s who are temale, members of racal and ethne

FIGURE

1a

Percent

Erqreer ~a

3¢ ence andg engirgencq

fdlurd! 8¢ ences Tl

FIGURE 3-.9

Percent of full-time faculty
who are black. by field: Fall 1387 and Fall 1892

1887 1892
Eng.neenng H Natera sz ences

B No» sfenceand 2nqreerna B Sc.3 a~aceriaory o enUes

munoruy groups, o disabled. For example, Macks and
Hispanies collectively account tor o small pereentace of
Al sarence and engineering doceoral reciprents. (See the
section on degree production on page ~6.)

The ditficulty rased by underrepresentation does net
end with successtul recrirment ot sanstactory candi-
Jate. Instead. the burden s transterred to the shoulders of
the new recruit. Many voung faculey members from

41-30

Percent of full-time instructional faculty who are female, by field: Fall 1987 and Fall 1992
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anderrepresented vroups trequently tind themselves vaer
whelmed with commurtee asagnments, eatracurrcalas
acrnvines, and other responsabilicies retlectmg therr posi-
ton s rale models. In addiion, himited ¢ pectanions and
alienation eapertenced during college vears sometimes
reenmieraes, Persists, ot grows worse at the taculiv fevel
Barmaga, 19920 and ErzRowiez v allc 199949 NMam
experts believe that these problems will exist unul aonn
cal mass of taculty trom underrepresented croups s
achieved (Calorra, 19930

TEACHING AND RESEARCH

The strugele to prioninize rime and resources between
teaching and rescarch contuinues i postsecondary instira-
tons tadav Ina 1992 srudv, about two-thirds of ULS e
ulev inadl frelds tavored teaching over research, compuared
ath less than halt ot Brinsh tacaley, about one-third o
German taculty, and about one-guarter of lapan's tcalin,
{See tigure 4-31)

Most postsecondary taculty i the United Statess mall
frelds, ated teaching as therr prinapal job actnvaee The
proportions ot faculty who indicated teachme as their pri
mary responstbility varted among the scienee fields by
onfv about 10 percentage pomts—iront abour 63 percent
in the natural sciences to about 73 percent i the socul

FIGURE 4-31
Percent of all faculty whose interest
lies primarily in teaching versus researct,
by country of faculty residence: 1892
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and behavioral scrences. (see appendix table 42310
However, withun natural sciences, the proportions of tac-
alty engaced primanly i reaching varied widely, trom
about 45 percent of hite scrence taculiy, to about 4 per-
cent of mathematics. About 24 percent of facueley in the
natural scrences cued research as therr prnapal acuvay,
compared wirh 16 percent m engmeering and only 10
percent soctal and behavioral sciences.

In doctorate-granting msticutions, to v saence
md engineerimg tepreally teadh betweds e and two
cotrses per semester. In master’s- and bachelor's-degree-
vrantng insttutions, twwuliy in these tields reach
between two and three courses on averace. In 2-vear
mstitutions, taculey teach between three and four coures.
{>ce appendix table 42320

Academic research as a primary imstorutional misson 1~
most commonly tound among doctorate-grannng instia-
aans, which account toronly 7 pereent ot postsecondan
mstitutions. [ 2-vear mstitutions and bachelor’s-granting
mstitutions, which accounr tor nearly 60 percent of the
3.60C postsecondary insttutions i the United States,
taculty mrerests and the reward and renure system tre-
quently retlect therr greater teachimg nissions.

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
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PROJECT KALEIDOSCOPE FPROVIDES
NEwW PERSPECTIVES

Project Kalerdosce,.e (1991), which began in 1989,
is a collahoratve effort to analyze and reform the cur-
rent structure of undergraduate science and mathemat-
1cs. Supported by the National Science Foundation
and various grants, the project is a consertium of presi-
dents, deans, and faculty in mathematics and the nat-
ural sciences from liberal arts colleges and other pre-
Jominately undergraduate institutions. The consor-
tium recommends revitalizing introductory undergrad-
uate science and mathematics courses. supporting fac-
uley 1n their role as teachers and scholars within the
community of learners, and providing adequate science
tacilittes and equipment. W

PART-TIME INSTRUCTORS

sonte teachung at postsecondary mstitutions s per-
formed By graduate students and part-time instrucrors,
About 1 m W mathematies courses at bachelors-degree-
cranting institutions s tanghe by aeraduate student, about
40 1 of these courses at 2-vear institution: are taught by
part-time tculte Manv of these mstructors have heele or
no tormal preparaton for the classtoom: moreover, many
craduare teachimy assistants are not native Enchish speak-
ers. (See section on foreten studenes on page 9¢.)

However, postsecondary institutions are taking steps to
enhance teaching by part-time mstructors and treaching
assistants, Today, 17 states require public colleges and
nniversities to certity thae therr reachimg assistants are
competent in English (Chronicle ot Higher Education,
1994), Ao, «ome engimeerig Jepartments are requiring
that therr tcaliv andfor graduaue studenis take courses
communications. These courses mav cover teaching tech-
aiques, academic or career advising, English Linguace
Kills, and Ameriean customs and behavior, About 33
percent of mechanical, elecerical. and civil engineerig
Jepartments require therr graduate students 1o take com-
munications-related classes. (See tieure 4232 and appen-
Jix talle 4-33.) Large departments, those emploving
more than 2¢ faculty members, are more likelv than small
Jeparrments o otter and require these courses.

INSTRUCTIONAL PRACTICES

Eftective science and engineerimg education requires
(hat postsecondary msnrutions enable students to make
connections berween me-class learnme and real-world sue-
aattons—u hether i the laboratery or i the tield. Some
postsecondary mstitations are beamnime topat this tvpe
of hands-on approach mio practice. Formstanee. at the

Unversny of Houston-——Downtown, thr aeh Proea
Kalewdoscope tsee stdebar on Projeat Kalerdoscoped, s
Jents have analvzed Bleod chennsirny and heghe-w e
Jata m order ta esrablish the equations needed o deter:
muine the level ot drene delivery tor cancer patients under-
cotng Chemotherapy,

However, averall, enby o small percentage of scence
and engimeening classes muake use ol liboratory or prob-
lem-salvimg tormat: mstead, thev rely mostlv on ectares,
By trelds the Liborators or probleme-salving format s mest
hikelv o be ased moengmeering and lease kel to besd
m the ool and behavioral saiences, The formats use
vartes siantueantlv beomsoranon ivpe across frields, For
example, although onlv about 9 pereent of all sarence and
cnvmeeriny classes at hachelor's-erantng msttunons
wsed Laboratonies and problem-solving sessions, 28 per-
cent tengimeering ¢lasses at these msatutions used the
format. (Sec hivare 4-33 and appendix tible 4234 In
contrast, onfy about N percent ot the engimeering classes
at doctorare-eranting insttations used this format.

Sull, many undergraduate machematies mators have
opportunities to perform discoverv-hased activinies,
including research projects and senior projects or theses,
(See trzure 4-34 and appendix table 4-35.) Doctorate-
aranting mstitations are more hkely than other tepes ot
mstitutions to allow undergraduate mathematies magors

FIGLRE 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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FIGURE 4-34

Percent of mathematics departments
offering research opportunities to undergraduate
mathematics majors, by type of
project and institution: 1990

e or peronect
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Deoaects
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 Master s-qranting
M Occlorate-granung

apportunities to engage 1o rescarch, Master’s-eranting

mstitutions are more likelv to otter semor projects or the-

<es than are other institunions. Bachelor's-eranting instr-
witons are more likely than other mstututons o require
caleulus sections ro pertorm wrining activities, group jro-
jects, and compurer assignments. (See appendix table 4
36 and the sidebar on caleulus retorm )

Ot caurse. Liboratore or practead problem-solving
cxpenience s not, mtsely agoarantee that students will
e challeneed s and encazed in ther saence and enwr-
neerint studies. The scientitic rescarch sociery, Siema Xi
(1990), reports that Laboratory expertences—particularly
at the introductory levelh—lack imagination and are rour-
tne and dull. Many Liborateny investizations make domg
sarence seem like following o recipe m a cookbook:
Students learn thae it they repeat the steps outlined in
the laborators manual, thes cet the proper cuteome.
Instead, the laboratory tormat should insoll understand-
g throush discovery.

Sinularly. Rieden and Tobus (1991 tound thae class-
room atmosphere tends to dampen the spinic ot incellec-
tual adventure. Thev say that interactive, cooperative
learning experiences tike a distant back sear to passive
mstructional formats. Introducteny classes tend to teature
he protessor workme through aseries of problems that
students are expected to record in their notebooks and
mimic on homework problems. This approach, along
with the rapid pace ot the courses, large class sizes. and
lack of exchange among stedents and with taculey, rever
allows students to see science and engimeerimg as a
process of discovery (Simpson & Anderson, 1992).

RESOURCES

Much of the storehause of research equipment and
mstrumentation owned by colleges and universities 18 not
used for undereraduate imstruction. Of all of the equip-
ment and mstrumentation valued at berween 310,000
and 31 mulhion owned by doctorate-eranting institutions
n 1989, just under two-thirds was used onlv in research.
(Ree figure 4-35 and appendix table #-37.) Just » percent

REFORM IN CALCULUS CLASSES

In 1986, a national calculus reform effort was born at a conference at 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 fucus on rote implementation of symbolic algorithms.
¢ Calculus should be geared to the needs of average students—students for whom some command of calculus is

necessary for further learning in their majors.

#  Students should be engaged in doing calculus as active learners.

To accomplish these goals, conference participants recommended a change in instructional techniques and the
active use of technology—particularly computer technology—in learning (Leitzel & Tucker, 1994). Based on these
ideas, in 1988, the National Science Foundation began funding calculus reform efforts across the Nation—efforts that
have begun to make an impact. In 1992, just 11 percent of all postsecondary institutions reported that they were
engaged in major reform of their calculus courses (Leitzel & Tucker, 1994). By 1994, however, that proportion had

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-hased projects, and just 3 percent used group projects. B
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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 1o 1989
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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 carn-
ings of tull-time workers with at least a bachelor’s degrec
shows that society places high value on those in natural
science and engineering occupations. In 199Q, engineers
carned 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 compurer
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-
tively, than the median (U.S. Deparrment of Education,
1994). The ranking of median income by occupation was
virtually the same 1970

Only one of the occupations that the Bureau of Labu:
Statistics projected to grow fastest in absolute numerical
terms berween 1992 and 2000 clearly requured postsec-
ondary science or technical educations: systems analysis.
About halt of the top 25 fastest growing vccupations—
which are expected to account tor halt of the toral employ-

ment arowth in the United States over the pertod—are in
retatl, clerical, and mamtenance areas. requiring lictle or
no advanced preparation 1in science and technology.
However, occupations requiring training in natural sci-
ences and engineering are expected to experience favor-
able growth herween 1992 and 2000. Of course, projec-
tions must be interpreted with caution, because they are
based on models rthat 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 particulai occupations and no dramatic
shifts 1n demand for skilled labor for the workforce of
2000 (Levin, 1993). However, some experts believe that,
in order to remain competitive, emplovers will need
workers with a greater depth and breadth of skills wha
can rethink and reorganize the way that goods and ser-
vices are produced (Levin, 1993; Commussion on the
Skills of the American Worktorce, 1990).

U.S. postsecondary science, engineering, and technical
education should be able to tulfill future demands for
skilled workers. Despite some problems, the condition of
postsecondary science, engineering, and technical educa-
tion in the United States 1s 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. Tora! 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 teast
one college course in mathematical or computer sciences,
physical or life sciences, and social and behavioral sci-
ences. Mathematics coilege course enrollments have
increased, although a substantial part of that increase 1s
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 requtre, 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 ateri-
tion from majors in the narural sciences and engineering.

Although the numbers of bachelor's, master’s, and doc-
torate degrees earned by females and underrepresented
ractal 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 undergraduare- and graduate-level science
and engineering degrees earned by blacks have remained
relatively tlat 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 1s needed on the qualiry of
educanion received by students in college and universi-
ties, how curricula are being retormed, and wavs of reduc-
ing student atrrition. 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
nattonal well-being. @

ENDNOTES

' The report was based on the findings from 30 round-
table sessions that brought together senior officers from
hundreds of calleges 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).

' Thas is the first year for which complete enrollment
Jata 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 ts not contined to the undergraduate level.
At the graduate level, as many as half of science and
engineening graduate students fail to complete therr stud-
1es (U.S. Department of Education, 1988).

* Some of this decrease can be attnibuted to students
who graduate trom high school and do not to pursue
postsecondary education of anv kind.

" For more information on trends i science and engi-
neering degrees, see NSB (1993).

People with Jisabilinies 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
rechnigques using complex technologies 1o order to trans-
tform matenals into usetul products. Technicians may also
be called upon to modity or repair equipment that 1s used
in the production ot goods and services.

" The Carnegie Foundation tor the Advancement ot
Teaching {ast classfied U, postsecondary mstitutions in
1987,

Two-vear nsnorons provide cducational aceess tor

1

local residents to job-related courses, adult education,
technically based programs, and preparation for study at
4-vear mstitutions. Tuttion 15 generally lower at 2-year
institutions than ar 4-year colleges, and campuses are
community-based, allowing students to pursue postsec-
ondary education more easily while holding full- or part-
time jobs.

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

** The proportion of this fraction that was available for
undergraduate, rather than graduate, instruction is
unknown.
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INDICATORS OF SCIENCE AND MATHEMATICS EDUCATION

Postscripl

his chapter reflects on the process of developing

statistical indicators of science and mathematics

educartion. These indicators, which are statistics
that shed light on important policv issues, inform policy
makers about the state of current science and mathemat-
1os educaton and recommend areas for future nvestiga
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 (e major
1ssues that are important to the Directorate for Education
and Human Resources (EHR) of the National Science
Foundation (NSF). EHR is activelv involved with con-
ducung 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 concems « bout
how the current efforts to establish standards for science
and marhematics 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 e this volume are o svnthesis
ot available stausties about science and mathematies edu-
cation. Authors selected them from exisung natonal sur-
vevs. The authors of this report attempred to select indi-
cators ot evidence of change in the Nations mathemartices
and science education system. They examined sources of
Jata on trends in student achievement, teacher knowl-
edee and practices, content of curriculum, high school
coursetaking, and changes in characrenistics 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 swstem during the past 2 decades. Moreover, thev
selecred indicators to monitor ULS, efforts to reform the
entire education svstem by setting high expectations tor
Al students’ performance and obtaining a greater align-
ment anong components of the education system. For
clementary and secondary educarion, the selection ot indi-
cators monitors curriculum coverage, teacher practices,
and student achievement. This selection was mfluenced
I national standards, which were developed by protes-

1

f
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stonal 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 1943 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—

¢ Educating Americans for the 21st Century: A Plan of
Action for Improving Mathemaucs, Science and
Technology Educaton for All American Elementary and
Secondary Students so that Their Achicvement Is the Best
m the World by 1995,

Indicator Systems for Monitoring Mathemaucs and Science
Edieation, and

Improvmg Indicators of the Qualiey of Science and
Muthematcs Education m Grades K=]2.

These reports suggested means for developme mdica-
tors of science and mathematies education.

EDUCATING AMERICANS FOR THE 215T CENTURY

The Commission on Precollege Education in
Mathematics, Science and Technology prepared o plan to

improve science, mathematics, and technology education

and presented 1t to the Natienal Science Board in

September 1984, This report said that objective measure-

ment of achievement and participation in mathematics
and science was necessary and should be performed. 1t
recommended that the Nattonal Assessment of
Educational Progress (NAED), which began in 1968, be
modified to mclude 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
ot anv other nation, but that the average American stu-
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Jdent’s achievement was low compared with other
advanced countries of the world. Thus, the repore
encotraged efforts to measure the progress of all scudents.
It recommended that certam skills be monitored, includ-
ing the alulity to write tor a purpose and apply high-level
problem-<olving skills to analyze and draw conclusions.

Many ot the policies that were implemented atter the
report was released were consistent with these recom-
mendations. For example, in 1990, the NAEP began to
include state-by-state compartsons on a trial basis, These
comparisons became a regular part of the survev i 1992,
In addition, new forms of nattonal testing were developed
to measture high-order thinking <kaills. Indicators” devel-
opment also extended into monttoring the changes in
student achievement levels for students at high and low
levels of achievement.

No specitic indicators have been developed tor this vol-
ame to measure wnting <kl or the abiliey to analyze
intormation. Current performance dassessment scoring
methods recognize these goals, but in practice, national
Jata 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
Commussion from new survey information that is currently
being colle “ed by the NAEP, The future analyses shoukd
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 RAND Corporation released Indicator
Svstems for Momitoring 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
science and mathematics indicators since other agencies,
such as the National Center for Education Statstics,
have major responsibility for collecting information on
all aspects of education. RAND' repart suggested that a
"patchwork” of existing indicators be constructed from
existing data sources (such as NAEDP) 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
¢ an indicator system be developed both to describe and

to relate essential elements of the mathematics and sai-

ence education system;
¢ kev indicators be developed for hoth the national and
state levels:
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¢ critical paps 10 existing mdicators and analytical meth-
ods be wdentified:

¢ the amount and quahiey of data avallable on mathemat-
1cs and science education be expanded;

¢ studies be conducted to analyze the causes of observed
changes and suggest alternative pohey unplications:

¢ new measures on student achievement be developed to
measure knowledge such as the ability o think critical-
ly and apply knowledge in solving problems:

¢ new measures be developed on teacher qualiey, depth of
coverage, and scientitic accuracy of the curricutum; and

¢ procedures be developed to analyze and repore 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 svstem. This model was orpa-
nized around inputs, processes, and outputs of school svs-
tems. The system tdentitfied student achievement, at-
tudes. and aspiranions as the main outcomes of schooling.
Process indicators were divided into curriculum, instruc-
tron. teaching, and school quahity. Inputs included fisca!
resources, s+ uent background, and teacher quality. For
each of these areas, the report recommended 99 specitic
indicators that should be monitored, and 1t linked them
to exsting data sources. Additionally, RAND recom-
mended that NSF develop state-level information and
create comparisons of different natures (across tume, 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 hiennial indicators repore with a defined
review process. Also, cooperation between the
Department of Education and 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 vet 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 RAND report rec-
ommended, researchers have performed some studies that
explore the causes of student achievement (DeAngelis &
Talbert, 1995, April; Miller, 1992, April; Schiller, 1995,
May 30; Schneider, Plank, & Wang, 1994, August; Sui-
Chu & Willms, 1995, April). These studies provide aleer-
native strategies for education policies. They are written
for the purpose of describing correlations between school-
ing experiences and student achievement.
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Since 1987, the amount of survey data for elementary teaching quality, curriculum guality, and financial sup-
curriculum, mstructional techniques, and assessments port. It recommended that

increased substantially. Iris Weiss' (1987) surveys of ¢ an accelerared program of research and development

teachers have increased the amount of information avail- be carried out to construct free-response materials and

able on what teachers know and how they present mate- techniques that measure skills not measured with mul-
rinls in class. (See also Weiss, Matti, & Smuth, 1994.) tiple-chuice tests—these materials would help in the

Additionally, surveys of students and teachers in several development of indicators of learning in science and

longitudinal studies have increased the information avail- mathematics; '

able about the science and mathematics topics that stu- & information be gathered on the number of minutes per

dents are exposed to in school. The general model sug- week that elementary students devote to science and

gested in RAND's report encouraged investigative models mathematics, as well as the number of semesters of sci-
of the effects of changes in curriculum and teacher expe- ence and mathematics that secoadary students take, to
rience to student performance. develop indicators of student behavior;
¢ teachers be tested on the same content and skills that
IMPROVING INDICATORS their students are expected to master and that informa-
tion be gathered on teacher preparation, such as under-
Recommendations in Improving Indicators of the Quality graduate and graduate college coursework, in order ta
of Science and Mathematics Education in Grades K-12 were develop indicators of teaching quality;

based on the premises that & exemplary frameworks of science and mathematics

¢ all students need to leave school with adequate knowl- content coverage be constructed for elementary and
edge and reasoning skills to be able to renew therr secondary grades, with the highest priority given to
knowledge of science and mathematics throughout carly elementary and middlé schools, in order to devel-
their lives; and op indicators of curriculum quality—the frameworks

¢ student learning is determined by what teachers and would be used to match textbooks, state guidelines,
students do in schools. and materials, such as tests and exercises, to analyze
The report, written by the Commuittee on Indicatars of the content of the implemented curriculum for indica-

Precollege Mathematics and Science for the National tors of co itent coverage; and

Academy of Sciences, reviewed the needs of the educa- # aset of accounts be developed on the expenditures of

tion systemn and recommended a series of topics that science and mathematics education from departments

required further development and monitoring. It recom- and agencics of the Federal Government for indicators
mended seven key indicators and a set of supplementary of financial and leadership support.

mndicators to expand the issues. This volume incorporated many of the recommenda-
The kev indicators involved tions in Improving Indicators of the Qualty of Science and

¢ learning among students, Mathematics Educanion in Grades K12, including using

& literacy among aduls, indicators on leaming among students, coursetaking,

¢ cnrollment in science and mathemaucs courses, nature of instruction, amount of time spent on science and

& nature of classroom instruction, mathematics, courses completed by teachers, teachers use

¢ teachers' knowledge, of ume outside the classroom, materials used for instruc-

¢ -alaries of college graduates, and tion, and Federal financial support. However, some recom-

¢ quality of curnculum content in state guidelines and mendations have not yet been developed into indicators.
materials. The areas involve adule literacy, teachers’ knowledpe, and

The supplementary indicators mvolved the number of resources commutted by scientific bodies.

& amount of time spent on science and mathematics Some work is being done to remedy this sitvation. For
homework, instance, measures of adult literacy currently are being

¢ college courses completed by teachers, Jeveloped by NSF However, attempts to develop mea-

& teachers’ use of ume outstde the classroom for activi- sures of teachers' knowledge have been difficult because
ties related to teaching, of obyections by the teaching community that teacher

& materials used for instruction, assessient should not be a concern of policy makers.

¢ Federal financial support, and Studhes of resources commutted to science and mathe-

& resources committed by scienutic bodies tor school matics education by government and nongovernment
miprovement. sources have not vet been conducted. Ths is an impor-
The report recommended that these 13 indicators tant area for tuture studv. Other areas for future studv are

cover five areas: student learnime, student behavior, discussed below,

Q
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POSTSCRIPT

FUTURE DIRECTIONS

The publication of indicators of science and mathe-
matics education require reliable sources of data from ele-
mentary, secondary, and postsecondary mstitutions.
Typically, special dara collection efforts are required for
specitic subject areas of science and mathemarics because
these subjects represent small components of a large educa-
tion systerm. The reports discussed in this postseript have
suggested mechanisms for integrating the existing surveys
of students and teachers into a svstematic collection of
data. Such cefforts 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 m the classroom, and the relationships between
secondary school coursetaking with field choice in higher
education. However, the development of indicators that
measure the 1ssues raised by reform efforrs well require
new efforts wirh new types of survev techniques. For
instance, monitoring of systemic retorm etforts will
require indicators on
# alignment among parts of the education system;
¢ changes in governance;

# number of community, business, and school partner-
ships; and

# 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;

¢ show the relationship between planned ard' imple-
mented changes to elementary and secondary science
and mathemarics curriculum, including adoption of
technology, as reform efforts continue;

# measure coursetaking and course content within post-
secondary institutions;

& monitor the science and mathematics literacy of col-
lege graduates; and

& monitor the transition of graduares into the workforce.

Indicators will need to be developed specifically for
postsecondary educarion, 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
infrequently covered in national surveys of higher educa-
tion or faculey.

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
tramework for indicarors that will oe useful in monitoring
the starus of undergraduate mathematics education, espe-
cially witl, respect to assessing effects of the various reform
ininiatives of NSE The project targets lower division pro-
grams for the enure population of students, not just those
maroring in mathemarics. Concern s tor the broad spec-
trum of public and private institutions including commu-
nity colleges, iberal arts colleges, comprehensive universi-
ties, and research universities. A national panel of experts
in undergraduate mathematics education and assessment
15 expected to release a report in early 1996,

Undergraduate indicators are proposed for
¢ curriculum and nstruction—the content and pedagogy

of educational programs:

& student outcomes and assessment—what students
know about mathematics and how that knowledge 15
assessed;

¢ student participation—the characreristics of students
served by mathematics programs; and

¢ educarional institutions and systems—the context
within which the teaching and learmning 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 postsecond ary education. New surveys
and strategies for expanding existing surveys may be
needed t provide a strong basis for continued monit -
ing of undergraduate education.

CONCLUDING REMARKS

This biennial assessment of rvends in science and
mathematics education has found that significant
progress has been made in *he scope and analysis of
national surveys to munitor significant changes in the
educational sys.ems of the United Stares. Yet, as efforts
to reform the slementary and secondary system expand,
new indicator; 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.
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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 Qther
Fiscal Total Percent Percent Percent Fercent Percent Percent
Year NSF Total Ot NSF Total ofEHR  Total ofEHR Total of EHR Total of EHR Total of EHR
1956 16.0 35 220 09 244 06 159 21 59.1 00 00 - -
1957 38.6 143 370 102 710 11 8.0 30 21.0 00 0.0 - -
1958 50.0 192 384 127 660 25 13.0 42 220 00 00 - -
1959 1329 613  46.1 411 670 104 17.0 98 16.0 00 00 - -
1960 158.6 637 40.2 414 650 1.5 18.0 10.2 16.0 03 05 - -
1961 1750 634 363 387 610 140 220 10.8 17.0 03 0.5 - -
1962 260.8 836 321 527 630 15.9 19.0 14.2 170 63 04 - -
1963 320.8 987 308 563 570 22.7 23.0 188 19.0 04 0.4 - -
1964 354 6 1112 314 60 1 54.0 234 21.0 26.7 24.0 04 04 - -
1965 416.0 1204 289 53.0 440 31.3 26.0 36.1 30.0 04 03 - -
1966 4664 1243  26.6 522 420 323 26.0 398 32.0 01 01 - -
1967 465.1 1258 271 503 400 302 24.0 453 36.0 04 03 - -
1968 5003 1345 269 538 400 350 26.0 444 33.0 03 0.2 - -
1969 4326 1153 267 450 390 300 26.0 40 4 350 02 0.2 - -
1970 4625 1204 26.0 505 419 27.6 23.0 421 349 02 0.2 - -
1971 496 1 988 199 366 370 217 220 39.5 40.0 04 04 - -
1972 600.7 861 14.3 353 410 276 320 233 27.0 07 0.8 - -
1973 610.3 622 10.2 243 390 174 28.0 193 310 06 10 - -
1974 645.7 807 12.5 307 380 291 36.0 194 240 24 30 - -
1975 693 1 740 107 281 380 215 29.0 222 30.0 15 2.0 - -
1976 724 4 62.5 8.6 75 120 35.0 56.0 175 28.0 25 40 - -
1877 791.8 743 94 87 130 431 58.0 178 240 37 5.0 - -
1978 857 3 740 86 141 190 355 480 186 250 52 70 - -
1979 926 9 80.0 86 60 200 368 460 208 26.0 64 8.0 - -
1980 9751 772 7.9 169 219 323 41.8 203 263 76 gQ - -
1981 07k 3 707 68 261 369 260 368 148 210 38 55 -
1982 999 1 209 21 38 183 00 00 150 718 21 100 - -
1983 11017 300 2" 126 427 00 0.0 150 500 2 73 - -
1984  1.306 9 750 57 525 700 0: oo 202 271 22 29 - -
1985 1,507 1 820 54 425 518 50 6t 273 3313 Tz 88 - -
1986 14932 846 57 447 529 54 63 262 314 80 g4 - -
1987 16276 990 €1 508 513 95 96 273 276 114 1ns -
1988 17226 139 2 81 76 4 549 190 136 303 218 135 97 - -
1989 1.8859 1710 91 1040 608 280 164 240 140 150 88 - -
1990  2.026 ! 2043 101 1250 612 340 166 299 146 154 75 - -
1991 2.3435 3220 137 1943 603 476 148 338 120 23 72 182 57
1992 25713 4415 172 2699 611 687 15¢ 50 2 114 345 78 181 41
1993 27497 505 1t 184 2735 2 745 148 774 153 34¢€ 69 451 89
1994  3.0178 5690 189 3236 569 982 173 599 105 346 61 526 92

-- Not applicable {not in EHA budget)

NOTES “K-12" excludes informat science. and incluges the public science portion of Research on Teaching ang t.earming ‘Other
includes activiies such as EPSCoR. Faculty Awards (or Women Visiing Professorships for Women. and Minority Research Centers
SOURCES National Science Foundation (1992} EHR Directorv of awards Fiscal year 1990 (NSF 92.75) Washington. DC: NSF.
National Science Foundation (1994 [Rudgel figures] Unpublished labulations
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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): 1385

Federal agency

National Dept. of
Totat Sclence Dept. of Health & Dept.of Other seven

Level of school enacted Foundation Education Human Services Defense czgencies
Grand totat $2.612 $610 5524 $712 $540 $226
Kindergarten to 12th 771 338 333 21 26 52
Undergraduate 426 176 10 37 145 58
Graduate 999 88 27 449 369 66
Public unaerstanding ot science

enformat science) 416 7 154 205 - 50

-- Not available.

NOTES. Other Federal agencies include the Departments of Agriculture. Commerce. Energy. and Interior: Smithsonian

Institution. Nationat Aeronautics and Space Admunistration, and Environmental Protection Agency. Because of

definiional changes. these figures may not be compatible with previous analyses of this topic. Agency figures may be

different as resuit of evolving priorities for uses of funding.

SOURCE. National Science and Technology Council (NSTC) Committee on Education and Training (CET) Budget

Working Group. (1995). [Budgst figures from departmental budget offices]. Unpublished tabutations.
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Appendix table 1-3

Number and percent of students enrolied in grades 1-12 and college,

by race or ethnic origin: 1970 to 1993

Lavel ot 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
Coilege 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 A51 782
Percent
Grades 1-12 All races 1C0 100 100 100 100 100
White 85 84 82 81 80 79
Black 14 15 15 6 1 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
91 88 87 86 84 82
7 10 10 10 11 11
NA 4 4 5 5 8
2 2 4 7

(Current Population Reports. Population Charactenstics Series P-20. No 443) Washington. DC* U.S Government Prnnting Office.

U.S. Bureau of the Census. (1991). School enroliment—social and economic characteristics of students: October 1990 {(Current
Population Reports. Population Charactenstics Senes P-20. No 460) Washingion. DC: U S Government Printing Office. U S

Bureau of the Census (1994). School enroliment—social and economic characteristics of students- October 1993 (Current
Poputation Reports, Population Charactenstics Senes P-20. No. 479). Washington. DC. U.S. Government Printing Office

Aruitoxt provided by Eic:

133

E
-
3
»
White
Black
Hispanic
Other races 3 6
NA_ Not avallable.
NOTES: Persons of Hispanic ongin may be of any race. Totals may not equal 100 percent as a result of rounding.
SOURCES U.S. Bureau of the Census. (19901.Schoo! enroliment—~social and economic characlenstics of students 1989
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Appendix table

Children ages 5-17 speaking a language other than English at home,

1-4

by English proficiency level: 1980 and 1990

123

Number Percent

Language proficiency level 1980 1990 1980 1990
All ctuldren 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
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 lever reported by
the householder complating the census form.

ent of Commerce. (1980). 1980 Census of population. detailed population charactenstics:

SOURCES: U.S. Departm
United States summary

Commerce. (1990). 1990 Census of population

(PC 80-1-D1-A). Washington. DC: U.S. Bureau of the Census: U.S. Department of
{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 41,707 998 100.0 100 1 1000
0-8 years of school 9.812 5.921 3,518 2.653 20.4 143 8.8 64
9-11 years of school 9.079 6,232 4,691 4,553 18.9 15.1 118 109
High schoo! graduate 16,871 15.743 14,894 14,094 35.1 38.0 37.3 338
College 1-3 years 5.107 6,127 7.930 10,813 10.6 14.8 19.9 25.9
College graduate or more 7.147 7.346 8.890 9,593 149 17.8 223 230

White students

Total 40.825 34,050 32.021 33.124 1000 1000 100.0 1000
0-8 years of schoo! 7.258 4.412 2,628 2,049 17.8 13.0 82 6.2
9-11 years of school 7,094 4,358 3,238 3.030 17.4 128 101 9.1
High schoo! graduate 15,262 13,277 11.905 11,090 37.4 39.0 37.2 335
College 1-3 years 4,655 5,260 6,479 8,704 114 15.4 20.2 263
College graduate or more 6,556 6.743 7.771 8,250 16.0 19.8 243 249

Biack students

Total 6.602 6,358 6,155 6,598 100.1 100.0 1000 1000
0-8 years cf school 2.401 1.326 645 360 36.4 20.9 10.5 55
9-11 years of school 1.910 1,769 1.335 1.301 289 27.8 21.7 197
High school graduate 1.411 2,175 2.492 2,522 21.4 34.2 405 382
College 1-3 years 421 744 1.090 1.768 6.4 117 177 268
College graduate or more 459 344 593 650 70 54 96 99

Hispanic students

Totai NA 3.347 4.420 4.704 NA 1000 999 100 0
0-8 years of school NA 1.634 1.677 1.438 NA 48.8 379 306
9-11 years of school NA 493 735 943 NA 147 166 200
High school graduate NA 774 1,184 1.280 NA 231 268 272
College 1-3 years NA 293 539 728 NA 88 122 155
College graduate or more NA 153 285 315 NA 46 64 67

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 enroliment. October 1970 (Current Population Reports. Population Charactenistics Series
P.20. No. 222) Washington, DC U S. Government Printing Office. U S. Bureau of the Census. (1981) School enrollment—social and economic
charactenstics of students' Oclober 198¢ and 1980 (Current Population Reports. Population Charactenstics Senies P-20. No. 400). 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 Charactenstics Series P-20. No 460y Washington DC: U S Government Printing Office.
U.S Bureau ot the Census (1993) Schoo! enroliment—sociai and economic characlenstics of students October 1992 (Current Population
Reports, Population Charactenstics Series P-20. No 474) Washington, DC- U S Government Pranting Office. U.S Bureau of the Census (1994)

School enroliment—social and economic characteristics of students: October 1993 (Current Population Reports. Current Population Sernes P-20
No 479) Washington DC U S Government Pnnung Otfice
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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

125

Number (in thousands) Percent
Famlly 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
Biack 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 famiies. total 3.808 6.920 9.749 10.901 13 22 28 30
White 2.638 4.664 6.389 T.167 10 17 23 25
Black 1.148 2,114 3081 3377 36 52 61 63
Hispanic NA 568 1.140 1.344 NA 26 33 35
Two-parent famiies. totai 25.823 25.231 24.921 25.157 87 78 72 70
White 23.477‘ 22.628 21,905 22,058 90 83 77 75
Black 2.071 1.961 2.006 1,987 64 48 39 37
Hispanic NA 1.626 2.289 2,494 NA 74 67 85

NA: Not available.
NOQOTES: Persons of Hispanic orgin may be of any race. Numbers may not equal totals as a result of rounding.
SQURCES. U.S. Bureau of the Census. (1992). Household and family charactenstics: March 1991 (Current Population Reports,

Population Characternistics Series P-20, No. 458). Washingten, DC: U.S. Government Printing Office: U.S. Bureau of the Census. (1993).

Household and family charactenstcs: March 1992 (Current Population Reports. Poputation Characteristics Senes P-20. No. 467).

Washington, DC: U.S. Government Printing Office; U.S, Bureau of the Census. (1894). Household and family charactenstics: March
1993 (Current Population Reports, Poputation Charactenstcs Serigs 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 1983

Race or Number (in thausands) Percent belaw poverty level

ethnic origin 1970 1980 1990 1993 1970 1980 1990 1993
Total 6.932 7,128 6.848 8.865 14.3 16.8 176 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 2.999 413 40 4 398 426
Hispanic NA NA 1,545 2117 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, 1881, 1891. and 1894,
respectively. Persons of Hispanic ongin may be of any race.

SOURCES: U.S. Bureau of the Census. (1971). Charactenstics 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 Cersus. (1981).
Charactenstics of the population below the poverty level. 1980 (Current Population Reports. Poputation Characteristics Series P-60,
No. 133). Washungton, DC: U.S. Government Prnting Office; U.S Bureau of the Census. (1991). Poverty m the Uniled Staies: 1990
(Current Population Reports. Population Charactenstics Senes 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 Sernies P-60,
No. 188). Washington. DC: Government Printing Office.
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Appendix tabie 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 Ditterence Diftference
ethnic origin paint 1977 1882 1986 1990 18382 1977-19492 1982-1992
Age 17 Total 300 417 (09) 373 (09 413 (14} 433 (13) 46.6 (15) 49 (17) 93 (17)
White 475 (07 439 (12) 487 (1D 512 (185 554 (17} 79 (1.8 118 (21)

Black 7.7 (1.0) 65 {1.1) 125 22) 15.7 (40) 4.1 (2.5) 64 (2.7} 76 (2.7)

Hispanic 185 (2 1) 111 (2.0 t48 (29 21.1 (3.3) 23.0 (3.8) 45 (43) 119 (43)

Total 250 81.6 (0.7) 76 € (1.0 807 (13) 81.2 (09) 83.3 (1.2) 17 (1.4) 67 (16)

White 88.2 (0.4) 849 (09) 878 (1.4 89.6 (0.8) 90.5 (1.0) 23 (11 56 (13)

Black 405 (15} 35.0 (2.1) 522 (32 51.4 (3.7} 55.7 (3.7) 152 (40) 207 (43)

Hispanic 615 (17 48.0 27) 600 (72 599 (50) 63.3 (66) 6.8 (68 203 (7.1)

Total 200 971 (02; 357 05 97.1 (0.5} 967 (03) 97 8 (0.5) 0.7 (05) 21 (07

White 99.2 (0.1) 98.6 (0.2 988 (0.3) 930 (0.2) 993 (03) 01 (03 07 (04)

Black 83.86 (1.3) 797 (19 90.9 (2.1} 88.3 (1.9) 92.1 (1.8) 8.5 (2.2) 124 (2.6)

Hispanic g31 (1.7) 869 (2.9 933 (24) 91.8 (2.2) 946 (2.6) 1.5 (3.1 7.7 (3.9

Age 13 Total 300 111 (05) 96 @7 g1 (0.9) 11.2 (0.6) 12.0 (0.8) 0.9 (0.9) 24 (1.1)
White 124 (0.5 115 (08) 113 (1.2) 4.2 (0.8) 150 (1.0 1.6 (1.1) 3.5 (1.3)

Black 2 (0.4) 08 {0.3) 11 (04) 1.5 (0.5) 1.8 (0.8) 06 09 1.0 (0.9)

Hispanic 1.8 (08) 24 (09 15 (0.9 3.3 (0.8} 3.3 (1.3 1.5 (1.5) 0.9 (1.6

Total 250 488 (1 1) 509 (16) 52.5 (1.6) 56.5 (1.0) 61.3 (1.1) 125 (1.6) 10.4 (1.9)

White 565 (09 583 (14) 610 (1.7 66.5 (1.2} 711 (1.3) 146 (16) 128 (19)

Black 149 (1.7) 171 (1.9) 196 (2.8) 243 (3.3) 26.2 (2.8) 11.3 (3.3) 9.1 (3.4)

Hispanic 181 (1.8) 241 (5.1) 24.9 (4.3) 30.0 (2.8} 36.5 (2.9 18.4 (3.4) 12.4 (5.9)

Total 200 86.0 (0.7 898 (0.8) 316 (1.0 92.3 (0.7) 93.1 (0.5) 7.1 (09 3.3 (0.9)

Whnite 922 (0.5) 944 (0.6) 961 (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 (24) 736 (3.0 77.6 (3.6) 73.8 (2.8) 165 (3.7) 5.2 (3.7)

Hispanic 622 (2.4) 755 (33) 767 (32) 80.2 (29 862 (26) 24.0 (35) 10.7 (42)

Age 9 Total 300 32 (0.3) 23 (0.7) 30 (0.5) 3.1 (0.3) 3.4 (0.3) 0.2 (04) 1.1 (0.8)
White 38 (C3) 29 0.9 38 (0.6) 3.9 (0.4) 4.3 (04) 0.4 (0.5) 1.4 (1.0)

Black 02 (0.1) 0.1 (04) 03 (0.2 0.1 {0.2) 03 (0.3) 0.1 {0.3) 0.2 (0.5}

Hispanic 03 (04) 00 (0.0 02 (02 04 (049 0.4 (0.4) 0.1 (06) 0.4 (04)

Toral 250 257 (07) 243 (18 275 (1.4} 31.1 (0.8) 328 (10) 71 (12) 3.5 (2.1)

White 3us (0.7) 294 (21) 327 (1.5) 375 (11) 394 (1 1) 86 (1.3) 10.0 (24)

Black 3.5 (06) 3¢ (13 83 (1.5) 85 (11) 92 (1.4) 57 (15) 53 (1.9

Hispanic 88 (17) 42 (27) 10.7 (24) 11.6 (2.1) 11.7 (1.8) 2.9 (2.5) 75 (3.2)

Total 200 680 (1 1) 707 (19) 720 (1.1) 76.4 (0.9) 78.c (1.2) 100 (16) 7.3 (2.2)

Wihite 768 (07) 78.4 (2.0) 789 (1.0) 844 (07) 85.5 (0.9) 8.7 (1.1) 7.1 (2.2)

Black 272 (15) 388 (27) 462 (23) 46.4 (3.1) 51.3 (39) 24.1 (3.8) 12.4 (4.4)

Hispanic 420 @31) 402 1(6.1) 501 (3.7) 56.3 (3.7) 55.5 (4.3) 13.5 (5.3) 15.3 (75

NOTE. Standard errors appear in parentheses

SOURCE Mullis. 1V S.. et al. (1994) NAEP 1992 trends in academic progress (Report No 23-TR0O1) Washington. DC National Center tor

Education Statistics

Indicators ol Science and Mathematics Education 1995

ERIC 13

~

o

27




128 INDICATORS COF SCIENCE AND MATHEMATICS EDUCATION 1995

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 Dltference Difference
ethnic orlgin point 1978 1982 1986 1990 1992 1978-1992 1982-1992

Age 17 Total 300 515 (11) 485 (13) 517 (14) 561 (14) 591 (13) 76 (1.7 106  (1.8)

White 576 (11) 54.7 (14) 58.1 (1.7) 63.2 (1.6) 66.4 (1.4) 8.8 (1.8) 11.7 (2.0

Black 168 (16) 17.1 (1.5) 208 (28) 32.8 (4.5) 298 (3.9) 13.0 (4.2 127 (4.2)

Hispamc 234 (2.7) 21.6 (22) 26.5 (4.5) 30.1 (3.1} 392 (49) 158 (56) 76 (54)

Total 250 920 (0.5 93.0 (0.5) 956 (0.5) 96.0 (0.5} 96.6 (0.5) 4.6 (0.7) 36 (0.7

White 956 (0.3) 6.2 (0.3) 98.0 (0.4) 97.6 (0.3) 96.3 (0.4) 2.7 (0.5) 2.1 (05)

Btack 707 (1.7 764 (1.5) 85.6 (2.5) 924 (22) 896 (25) 18.9 (30) 13.2  (29)

Hispanic 78.3 (2.3) 81.4 (1.9) 89.3 (2.5) 85.8 (4.2) 94.1 (22) 158 (3.2) 127 (29)

Total 200 988 (0.1) 99.9 (00) 999 (0.1) 100.0 (0.1) 1000 (0.0 1.2 (0.1) 01 (0.0)

White 100.0 (0.0) 1000 (00) 100.0 (0.1) 100.0 (0.0y 1000 (0.0) 0.0 (0.0) 00 (00)

Black 988 (03) 99.7 (0.2) 100.0 (0.2) 999 (0.2) 1000 (0.1) 1.2 (0.3) 03 (02

Hispanic 99.3 (0.4) 93.8 (0.3) 994 (1.2) 99.6 (0.7) 1000 (0O 07 (04) 0.2 (0.3)

Age 13 Total 300 18.0 (0.7) 17.4 (0.9) 158 (1.0} 17.3 (1.0 18.9 (1.0 09 (1.2) 15 (1.3)

White 21.4 (0.7) 205 (1.0) 18.6 (1.2) 21.0 (1.2 22.8 (1.3) 1.4 (1.5) 23 (1.6)

Biack 2.3 (0.5 28 (1.0 40 (14) 3.9 (1.6) 4.0 (0.7) 1.7 (0.9) 1.1 (1.2}

Hisdanic 40 (1.0) 6.3 (1.0 55 (1.1) 6.4 (1.7) 7.0 (1.2) 3.0 (1.6) 0.7 (1.6)

Total 250 64.9 (1.2) 71.4 (1.2) 73.3 (16) 74.7 (1.0 77.9 (1.1) 130 (16) 6.5 (1.6)

White 72.9 (0.9) 783 (09) 78.9 (1.7) 82.0 (1.0 849 (11) 120 (1.4) 6.6 (14)

Biack 287 (21) 37.8 (2.5) 49.0 (37) 48.7 (3.6} 51.0 (27) 22.3 (34) 131 (3.7)

Hispanic 36.0 (2.9) 52.2 (2.5) 56.0 (5.0) 56.7 (3.3) 633 (27) 273 (400 11.1 (37)

Total 200 946 (05) 97.7 (04 986 (0.2) 98.5 (0.2) 98.7 (0.3) 41 (06) 10 (0.5)

White 976 (0.3 981 (01) 983 (0.3) 994 (0.1; 996 (0.2 20 (04 05 (0.2)

Black 79.7 (1.5) 90.2 (16) 954 (0.9) 954 (11) 950 (14 153 (2.1) 4.8 (2.1)

Hispanic 864 (0.9 959 (09 969 (14 96.8 (11) 981 (07y 117 (1 1) 22 (11

Age 9 Total 300 0.8 (0.1} 06 0.1 06 (0.2) 12 (0.3 1.2 (03 04 (03) 06 (0.3)

White 09 (02 06 (01) 08 (03 15 (04 14 (03 05 (04 08 (03

Black 00 (O 00 {01 01 (0 01 (01 01 (C.1) 01 (01 01 o1

Hispanic 02 (05) 0.0 (0.0} 01 (0.2 0.2 (0.2) 01 (05 01 (0.7 01 (0.5)

Total 250 196 (07) 188 (10) 207 (09 277 (09 278 (09 82 (11) 90 (1.3)

White 29 (09 218 (1 4 246 (19 327 (10 324 (10 95 (1.3! 106 (15)

Biack 4.1 {06) 44 (08 56 (09) 94 (17) g6 (14 55 {19) 52 (1.6)

Hispanic 92 (25) 78 (17 73 (28 113 (395 117 (25 25 (3.5) 39 (3.0

Total 200 704 (09 714 (12) 741 (12) 815 (10) 814 (08 110 (12) 100 (14)

White 76.3 (10) 768 (12 796 {1.3) 869 (09) 869 (07) 106 (1.2) 101 (14)

Black 420 (14 461 24 534 (25) 600 (28) 59.8 (28 178 (31 137 (37

Hispanic 54.2 (28) 55.7 (2.3 576 (2.9 684 (3.0 650 (29) 108 (40) 23 (3.7)

NOTE: Standard errors appear in parentheses

SOURCE Mulhs. [V S, et al (190 NAEP 1992 trends in academic progress (Report No 23-TRO1) Wastington. DC Nationat Centar for
EJucation 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 pasic level
White 155 07 258 (2.0) 16.1 (09 8.2 (08)
Black 289 (19 33.4 31) 266 {27) 201 (48
Hispanic 276 (1.8} 328 (2.8) 248 (28) 140 (4.3)
Asian 13.4 (2.0) 27.6 6.0 13.0 (3.0 64 (2.3
Percent performing at basic level
White 379 (09 481 2.2) 41.3 (13) 258 (1.3)
Black 494 @21 51.3 (3.3) 509 (31) 347 (56)
Hispanic 46.8 (2.0) 49.3 (2.9) 46.6 (32) 365 (5.9
Asian 307 27 38.3 (6.5) 39.5 (43) 159 (3.4)
Percent performing at intermediate level
White 243 (08 19.4 (18) 24.8 (1.1) 263 (13)
Black 16.5 (1.6) 13.0 (2.2) 18.0 (24) 242 (5.1)
Hispanic 169 (1.5 13.5 (2.0) 189 (25) 242 (53)
Asian 212 (2.4) 15.7 4.9) 21.4 (36) 238 (40
Percent performing at advanced level
White 22.4 (0.7) 6.8 (1.1) 17.9 (1.0) 39.8 (1.5)
Black 53 (0.9 2.3 (1.0) 46 (1.3) 21.0 (4.8)
Hispanic 8.7 (12 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 ongin may be of any race. Standard errors appear in parentheses.
SOURCE Rock. D.A . Pollack. JM.. & Hatner 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)

Muluple choice
White 53 (0.5) 60 (0.5) 58 (0.4)
Black 38 (0.8) 42 (0.6) 46 (0.9)
Hispanic 42 (0.7 46 (0.7) 49 (1.0)

NOTES: Standard errors appear in garemheses Persons of Hispanic ongin may be of any race. )
SOURCE: Dossey. J.A.. Mulis, I.V.S.. & Jones. C.0. (1993). Can sludents do mathematical problem solving? Results from
constructed-response questions in NAEP's 1992 mathematics assessment Washington, DC: U.S. Depantment of Education
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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 Dliference
Sex and age point 1977 1982 1986 1980 1992 1977 to 1992
Age 17
Male 300 4838 (11) 452 (12) 488 (211 482 (160 509 (2.0 21 23
Femate 348 1.0y 299 (12) 341 (15 387 (17) 420 (17) 72 (2.0
Male 250 852 (071 812 (12) 824 (14) 825(12) 850 (1.4) 02 {(1€)
Female 780(10) 722013 781 (17) 799 (14) 816 (14) 36 (17)
Age 13
Male 250 523 (1.3 562 (1.8 573 (21} 598 (1.3) 629 (14) 106 (1.9
Female 454 (12) 460(16) 477 (17) 533 (1.4 586 (1.4 142 (18)
Age 9
Maie 200 695(12) 697 (20) 741 (14) 763 (12) 804 (14) 109 (1.8)
Female 665 (11 718(22y 700 (1.3y 764 (11 757 (12) 92 (16

NOTE Standard errors appear in parentheses
SOURCE. Mullis. | VS . et al. (1994) NAEP 1992 trends in academic pregress (Report No 23-TR0O1) Washington.
DC Nationai 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
Mals 300 55.1 (1.2) 51.9 (1.5) 546 (18) 576 (14) 60.5 (1.8) 54 (2.2
Famale 482 (13) 453 (1.4) 489 (1.7) 547 (1.8) 577 (1.6) 95 (2.1)
Maie 250 93.0 (C.5) 93.9 (0.6) 96.1 {06) 95.8 (0.8) 969 {0.6) 3.9 (0.8)
Female 91.0 (0.9) 92.1 (0.6) 95.1 (0.7) 962 (0.8) 96.3 (0.8 53 (1.0
Age 13
Male 250 639 (1.3 713 (1.4) 73.8 (18) 75.1 (1.8) 781 (1.6) 142 (2.1)
Female 65.9 (1.2) 714 (1.3) 72.7 (1.9} 74.4 (1.3) 777 (1.1) 118 (1.8}
Age 9
Male 200 68.9 (1.0) 68.8 (13} 74.0 (1.4) 80.6 (1.0) 819 (10} 13.0 (1.4)
Female 72.0 (1.1) 740 (1.3) 743 (1.3) 82.3 (1.3) 809 (1.1) 89 (16)

NOTE: Standara errors appear in parentheses.

SOURCE: Mullis, L.V.S., et al.
Nationa! Center for Education
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Appendix table 2-7

|AEP science scores for selected countries at

5th percentiie, mean, and 95th percentile, by age: 1991

Age and country 5th Percentile Mean (average) g5th Percentile

Age 13
Iretand 36.1 (0.8) 633 (0.6) 889 (0.0)
United States 40.3 (4.9) 67.0 (1.0 917 (00)
Spain 435 (0.7) 67.5 (0.6) 86.9 (0.0)
Scotland 38.9 (1.2) 67.9 (0.6) 917 (0.0)
France 40.3 (1.4) 68.6 (0.6) 91.7 (0.0
Canada 43.1 (0.0) 68.8 (0.4) 903 (1.0)
Israel 42.4 (2.8) 69.7 (0.7) 91.7 (00)
Italy 44.4 (0.0) 69.9 (0.7) 91.7 (0.0)
Siovenia 44.4 (0.0) 703 (0.5) 917 (0.0)
Soviet Union 444 (22) 713 (1.0 931 (3.1)
Hungary 45.8 (1.6) 734 (05) 94.4 (00)
Switzerland 50.0 (0.7) 73.7 (0.9) 944 (0.0)
Taiwan 431 (1.4) 756 (0.4) 958 (0.0)
Korea 50.0 (4.8) 77.5 (0.5) 958 (0.0}

Age 9
Ireland 293 (1.6) 565 (0.7) 81.0 (1.8)
Slovenia 351 (0.2) 577 (0.5) 79.0 (0.0)
Israel 36.2 (1.4) 612 (0.7) 86.2 (0.0}
Soviet Union 39.7 (1.5) 61.5 (1.2) 86.2 (2.4)
Spain 362 (0.0) 61.7 (0.7) 84.5 (0.0
Hungary 385 (07) 625 {05) 842 (2.9)
Canada 379 (1.1) 628 (0.4) 845 (0.0)
United States 362 (1.7) 647 (09) 879 (0.0
Taiwan 397 (00) 66.7 (0.5) 897 (00)
Korea 448 (0.4) 679 (0.5) 879 (0.0

NOTE Standard errors appear in parentheses
SOURCE 3ybee. RW . et al (1994). Science:
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 (08) 55.3 (10} 90.7 0.1)
Spain 286 (05 55.4 (08) 84.7 (13)
Slovenia 27.1 (4 4) 57.1 (0.8) 88.0 (26)
lreland 268 (17) 60.5 (09) 90.7 (0.0)
Scotland 290 39 60.6 (0.9) 90.7 (0.0}
Canada 32.0 (00 62.0 (06) 91.8 (43)
Israel 30.7 (0.9 63.1 (08) 90.7 (0.0)
ltaly 32.4 (15) 64.0 (0.9) 91.8 (0.5)
France 307 (08 64.2 (0.8) 92.0 (53)
Hungary 324 2.3 68.4 {0.8) 96.0 (0.0)
Sowiet Union 35.2 (14) 70.2 (1.0) 94.7 (00)
Switzeriand 42.7 (08) 70.8 (1.3) 94.7 (0.0)
Taiwan 26.7 (06) 72.7 (0.7) 98.7 (0.0)
Korea 33.3 (2.8) 73.4 (0.6) 27.3 (1.9)

Age 9
Slovenia 27.7 (1.8 55.8 (0.6) 84.5 (0.0)
United States 246 (0.0) 58.4 (1.0 90.2 (2.3)
Canada 28.3 (2.9) 59.5 (0.9) 88.5 (0.0)
Ireland 246 (0.4) 60.0 (0.8) 90.2 (0.0)
Spain 26.8 (18) 61.9 (1.0 90.2 (2.4)
Israel 30.4 {2.8) 64.4 (0.7) 91.8 (0.0)
Soviet Unicn 30.8 (1.0 659 (1.3) 93.4 (2.3)
Taiwan 32.1 (4.6) 68.1 (0.8) 95.1 (0.0)
Hungary 33.3 (15) 68.2 (0.8) 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). Mathemaucs: How do U S. students measure up? Princeton. NJ.
Ed+cational Testing Service.
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Appendix tabie 3-1

Percent of states imposing graduation requirements in mathematics: 1974 to 1992

Years

required 1974 1980 1883 1985 1987 1983 1980 1992
Total 100 100 100 100 100 100 100 100
None 29 27 24 12 12 10 12 14
05-09 0 0 0 0 0

10-19 55 55 18 4 4 2 0
2.0-29 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 Distnct 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

and mathematics education 1993 Washington. DC: Council ot Chief State School Officers.

Indicators of Science and Mathematics Educanon 1995

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 1877° 85 (1.6} 41{06) 17 (0.2)
1936 84 (1.6) 46 (0.8) 20(04)
1993 85 (2 1) 50(07) 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. Seli-contained refers to teachers who are responsible for teaching most or all of therr academic subjects in one
class. Standard errors appear in parentheses.

SOURCES: Weiss. |.R. (1987). Report of the 1985-86 national survey of science and mathematcs education

Research Triangle Park. NC. Research Triangle Institute: Weiss. | R . Math. M C . & Smith, P S (1894) Report of the
1993 natinnal survey of science and mathematics education Chapel Hill NC Honzon Research. Inc

Indicators of Science and Mathematics Educal .n 1995

| 7

U1




O

ERIC

Aruitoxt provided by Eic:

APPENDIX TABLES

Appendix tabie 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) 40(002) 4.1 (0.04) 42(002)
History or social stuaies 31 (0.02) 33 (0.04) 3.5 (0.03) 3.5 (0.02)
Mathematics 26 (002 30(0.03) 3.1 (0.03) 33(002
Science 22 (002) 2.6 (005 2.9 (0.03) 30(0.03)
Foreign language 11 (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) 06 (0.01)

NOTES. Standard errors appear in parentheses. Credits are measured in Carnegie Units.

SOURCES: Legum. S . et al. (1993). The 1990 high sche.~i transcnpt Study tabulations: Comparative data on credits
earned and demographics for 1990. 1987, and 1982 hi; " 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

Indicators of Science and Mathematics Education 1495
Appendix tabie 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 Totai 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 786.7 76.5 80.6 80.1 753 73.2
1987 88.3 (0.9) 87.0 (12) 89.7(07) 89.2 (10} 862 (17) 854 (1.7
1990 91.6 (09) 90.4 (10) 92.7 (09) 92.0 (1.0) 91.0 (2.3) 90.3 (1.4)
1992 93.0 91.9 94.2 93.5 92.2 91.2
Chemistry 1982 31.6 32.4 309 347 225 16.7
1987 44.8 (1.1) 45.9 (1.3) 43.7 (1 2) 477 (1 2) 298 (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) 388 (28)
1992 55.5 542 56.8 58.0 459 42.6
Physics 1982 13.5 17.9 9.4 153 6.8 55
1987 19.5 (0.9) 246 (10) 148(09) 209 (1.0) 101 (1.1) 9.8 (1 1}
1990 21.5(08) 25.5 (0.9) 17.8 (0.9) 23.1 (0.9 145 (1.9) 13.0 (1.3)
1992 247 28.2 21.4 25.9 17.6 15.7

NOTES: Standard errors appear 1n parentheses. Standard errors are not available for 1982 and 1992. Because of the use of a

%ufferent editing procedure. the statistics shown for 1982 difter slightly from previously published figures. Credits are measured in
arnegie Units.

SOURCES. Legum. S . et al (1993). The 1990 high school transcrpt study tabulations: Comparative data on credits earned and

demographics for 1990, 1987, and 1982 high school graduates INCES 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 EDUCATIOR

Percent of high school graduates earning minimum credits in
mathematics courses, by sex, and race or ethnic origin: 1982 to 1992

Course

Year Total Maie 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 1 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) 707 (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 484 48.3 48.5 53.9 303 29.0
1687 61.5 (0.9) 61.2 (1.2) 61.7 (1.0) 65.1 (1.2) 440 (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 !l 1982 36.9 37.5 36.3 40.5 26.2 22.5
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)
1962 56.1 54.0 58.1 59.2 40.9 46.9
Trngonometry 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 211 214 20.8 225 130 15.2
Calculus 1982 4.3 4.7 4.0 5.0 1.4 1.6
1987 62 (0.4) 7.7 {0.6) 4.7 (0.4) 5.9 (0.4) 2304 3.6 (0.7)
1990 6.6 (0.5) 77(06) 5.6 (0.4) 7.0 (0.5) 28(0.5) 39(0.7)
1992 101 103 9.8 10.7 6.9 4.7

NOTES. Standard errors appear in parentneses. Standard errors are not available for 1982 and 1982, Because of the use of a different
ediing procedure, the statistics shown for 1982 ditfer slightly trom previously published figures. Credits are measured in Carnegie Units

SOURCES: Legum S.. et al. {1993) The 1990 high schoo! transcript study tabulations Comparative data on Credis earned and
demographucs for 1990, 1987, and 1982 high school graduates (NCES 93-423). Washington. DC: National Center for Education

Statistics: Smuth. T. M., et a! {1994). The condition of education. 1994 (NCES 94-149). Washington. DC. Nationat 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 abllity High ability
Parcent minority Science Mathematics Sclence Mathematics
Less than 10% 9 (@31 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 n parentheses.
SOURCE Weiss. I.R. (1994). 1993 Nationai survey of science and mathematics education. Unpublished tabulations

Inaicalors of Science ang Mathematics Education 1995

Appendix table 3-7

Percent of grades 10-12 science and mathematics classes
where teachers report ability grouping: 1986 and 1993

Sclence Mathematics
Ability grouping 1986 1993 1986 1993
Total 100 100 100 100
Homogeneous, lov 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 (19 29 (2.0) 34 (26) 25 (3.2)
Heterogeneous 22 (1.7) 36 {2.2) 18 (2.1) 34 (26)

NOTES: Standard errors appear In parentheses. Totals may not equal 100 percent as a result ot rounding.
SOURCES. Weiss. I.R (1587). Report of the 1985-86 national survey of science and mathematics education.
Research Triangie Park, NC: Research Triangle Institute: Weiss, 1.R. (1994). 1993 National survey of science and
mathematics education. Unpublished tabulations.
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Appendix tabie 3-8
Number of fuii-time and pari-iime 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 2244.888 189.849 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 476.600 230.018 245.021 415,865 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 80.840 119.423 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 matnematics 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 3.632 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
Oftner lields 83.724 27.552 56.172 75,734 4,977 1.683 1.330
Other leachers 1.002.469 408.207 594.262 886.205 69.541 32.31% 14,408

O

SOURCE Natonal Center for Education Statistics (1994) 1990-91 Scnools and staffing survey (SASS)
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Appendix table 3-9

Percent of public school grades 8-12 science and mathematics teachers
who are female or minority, by state: 1991

Percent female Percent minority Percent female Percent minority

State sclence teachers science teachers mathematics teachers mathematics teachers
Total 35 (15) 10 (0.9) 45 (1.5) 13 (1.7
Alabama 71 (4 8 16 @a.7 71 (5.9) 14 (47
Alaska 15 (76) 8 (45) 27 6.9) 4 (18)
Anzona 37 (76) 7 (35 47 7.3) 14 @1
Arkansas 51 (8.6) 19 (6.7) 56 (3.0) 8 (3.0
California 25 (7.3) 28 (6.1) 32 6.8) 36 (82)
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 (38
Georgia 58 9.1) 18 (5.5) 68 (72) 17 (5.2)
Hawan - - - ~

Idaho 24 (5.5) : 35 43) 5 (19)
1linois 41 (7 8) 4 07N 36 (6.6) 13 (3.4)
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 67) (0.0)
Kentucky 51 (7.3) . 65 (4.8) 3 (19)
Louisiana 41 ®7 24 (7.1) 51 6.2) 27 (74)
Maine 22 (5.6) 0 (0.0) 31 13.8) b
Maryland 53 (11.2) 10 (5.8) 51 8.3) 14 (5.9)
Massachusetts 27 (6.0) 1 (1.9) 40 (6.3) 5 (25)
Michigan 27 (5.6) * 17 (5.5) b
Minnesota 17 (4.8) 0 (0.0) 31 (5.4) *
Mississippt 48 61 34 (6.7) 61 {5.9) 32 (59)
fissouri 30 (7.0} * 47 6.8) :
Montana 19 (40) * 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 (3.3)
New Mexico 40 (6.4) 33 (10.7) 48 9.9) 28 (6.8)
New York 31 (7.4) 3 (1.9) 49 7.1 8 (34)
North Carolina 57 (6.3) 14 (5.4) 59 (7.1) 17 (5.0)
North Dakota 21 (4.4) 0 (00) 37 (49 :

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 fsland - - -

South Carolina 47 (4.5) 29 (6.9) 70 (6 2) 11 (3.6)
South Dakota 25 (5.2) * 43 (4.4) (0.0)
Tennessea 48 (6 9) 14 (3.8) 62 {7.5) 9 (29)
Texas 43 47 17 (4.2) 54  (5.6) 17 (42)
Utah 27 (67) * 32 (5.0) (2.4)
Vermont - - - -
Virginia 46 (9.3) * 63 (6.6} 18 (5.9)
Washington 25 (51) 4 (3.1} 24 (6.8) 6 (1.8)
West Virginia 55 (82 * 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 relable estimate

NOTE: Standard errors appear In parentheses.

SOURCE: Blank. R.K., Matti, M.C., Weiss. LR.. Broughman. S & Rollefson. M (1994) SASS Ly 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 tabie 3-16

Distribution of science and mathematics teachers, by race
or ethnic origin and grade range: 1986 and 1993

Grade range

Year Race oy ethnic orlgin 1-6 7-2 10-12

1986 Total 1C0 100 100
YWhite &6 (1.0) g3 (11) 94 (0.8)
Siack 10 (0.8) 6 (1.0) 4 (0.6)
Hispanic 3 (0.5) 1 (04) 1 {03)
Other 1 (0.3) 1 (0.4) 1 (0.3)

1583 Total 100 100 100
white 83 (13) 91 {1.2) 93 {0.7)
Black 5 (0.8; 6 (06) 3 (0.5)
Hispanic 4 (1.1) 2 (04 i (0.3)
Other 1 (0.3) 2 0.7 2 (0.5)

HOTES: Standarg errors appear in parentheses. Totals may not equa! 100 percent as a resuit of rounding.

SOURCES: Wesss. |.R. (1887). Report of the 1385-86 naional survey of science and mathamatics nducation. Research
Tnangle Park, NC: Research Tnangle irstitute; Weiss, | R. (1994). Y393 National survey cf science and mathematics
education. Unpublistied tabulations.
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Appendix tabie 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{27) 21 (4.4}
3t08 19 (3.5) 17 {4.2) 31 (3.7)
6to 10 33 (4 4) 34 (5.8) 45 (47
1110 20 40 (2 9) 50 (4.3) 62 {2.4)
21 or mare 47 43 58 (3.9) 72 (2.4)

NOTE. Standard errors appear in parentheses
SOURCE Waiss. |.R. (1994). 1993 National survey of science ang mathematics ecucaton 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

Fleld and decision

Grade range

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) 7531 81 (2.5)
Setting pace for covering topics 56 (2.5) 63 (2.8) 71 (2.6)
Choosing cnteria for gracing students 60 (3.4) 66 (3.1) 69 (2.5)
Selecting sequence in which topics are covered 56 (2.0) 62 (3.0} 68 (27)
Sslecting other instructional matenals 30 (2.0 42 (2.8) 55 (3 8)
Determining goals and objectives 32 (1.9) 40 (3.0) 53 (3.7}
Seiecting 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)
Matnematics
Selecting teaciung techriques 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 tn which topics are covered 52 (2.1) 52 (2.9) 54 (2.4)
Selecting other instructional matenals 36 (2.3) 40 (2.1) 52 (2.2)
Determining goais 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) 38 (2.4)
Selacting textbooks 12 (1.4) 20 (2.0) 35 (2.6)

NOTES: Teachers were given a five-point scale for each decision, with 1 labsled as ‘no centrol” and 5 labeled “strong control ©

Standard errors appear in parentheses.

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

education. Chapel Hili, 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 controi” over particular decisions, by subject: 1992

All science
Decislon Sclence Mathematics and mathematics
Determining amount of homework 70 71 71
Selacting teaching techniques 68 69 69
Selecting content, topics, and skills to be taught 45 24 32
Disciplining students 37 41 40
Selacting 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

Inaicators of Science ang Matnematics Education 1695

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 Northeeast South West
Detarmining amount of homework 69 72 71 74
Selecting teaching techniques 69 76 64 71
Selecting content. topics. and skils to be taught 39 34 24 37
Disciplining students 38 48 36 41
Selecting textbooks and other instructional materals 32 26 18 27

SOURCE: National Canter for Education Statistics (1992) National education longitudinal study of 1988. Second teacher folfow-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 levei: 1992

Proficiency tevel

Below
Subject and area Level 1 Level 1 Level 2 Levet 3 Level 4 Levet 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 matenals 20 21 28 32 - -
Mathematics
Determining amount of homework 70 74 72 73 76 69
Selecting teaching technigues 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 matenals 15 20 21 28 30 35

-- Not applicable.

NOTES: Science levels of proticiency 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 Ife.

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 requinng an additional problem-solving step.

Mathematics levels of proficiency as detined 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 cperations 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 problen:s.
Math Level 5: Proficiency in solving complex multistep word problems or the ability to demonstrate knowledge of mathematics materal found in
advanced mathematcs courses.

SOURCE: National Center tor Education Statistics. (1892). 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 Councii of
Teachers of Mathematics' standards, by level of familiarity and grade range: 1993

Grade range
Standard and ievel of famillarity 14 58 9-12

Curnculum and evaluation standards

Total 100 100 100
Well aware of them 18 (16) 28 (2.2) 56 (2.6)
Heard about them, but

don't know much about them 33 (1.8) 41 (3.0) 33 (2.7)
Not aware of them 30 (2.9) 22 (2.6) 8 (1.4)
Not sure 13 (1.2) 9 (21) 3 (0.3)

Protessional standards for teaching

Tota 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 (20) 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 (0.4)

NOTES: Standard errors appear in parentheses. Totals may not equa!l 100 percent as a result of rounding.

SOURCE: Weiss. I.R . Math. 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

Field and statement

Grede range

1-4 5-8 9-12
Science

Students learn best when they study science 1n the context of 94 (1.4) 94 (2 2) 86 (4.5)

a personal or social application
Vidually 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 ciasses 78 {2.1) 87 (15) 80 (12)
It 1s important for students to learn basic scientific terms and

formulas before learming undsrlying 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 (3.9) 68 (2.0)

Mathematics

Students learr best when they study mathematcs in the

context of a personal or social application 94 (1.3) 91 (1.7) 84 (17)
Virtually all students can learn to think mathematically 76 (2.0) 76 (2.6) 72 (2 3)
Students must master arthmetic coinputation before going on

to algebra 70 (2.2) 77 (3.1) 81 (1.7)
Students learn mathematics best in classes with students of

simitar abilities 41(19) 62 (3.8) 76 (2.9)
Students should be able to use calcutators most of the time 24 (19) 39 (3.1) 73 (1.7)

NQOTES: Includes teachers who indicated “Strongly Agree” and “A9

SOURCE: Weiss. | R, Matti. M C.. & Smith, P S (1994). Report o
Hili. NC: Horizon Raesearch, 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

Grade range

Strategy 1-4 5-8 812
Hands-on or manipulative aclivities 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 mathematca! 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 studant 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(19) 29 (2.9) 18 (1.6)
Deeper coverage of fe..er mathematcs 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 ecucation 25 (2.5) 23 (2.8} 19 (1.7)

NOTE Standard errors appear :n parentheses

SOURCE: Weiss.-| R, Matti. M.C.. & Smith. P S (1994} Report of the 1993 nationai 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

Sclence Mathematics
Yeur 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(22) 43 (3.0) 89 (1.9) 18 (2.3)
10-12 84 (2.0} 39 (2.7) 90 (1.2) 10 (12)
1993
1-3 75 (4.1) 62 (0.7) 79 (2.6) 79 (1.9)
46 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: Waeiss. | R. (1987). Report of the 1985-86 national survey of science and mathematics education. Research Triangle

Park, NC: Research Triangle Institiute: Weiss. LR (1994). 1993 National survey of scierce and mathematics education. Unpublished

tabutations.
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Appendix table 3-20

Percent of science teachers indicating that various strategies definitely
should be a part of sciernce 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 ite 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 1n cooperative leéarning 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 scierices with fanguage arts 46 (2.7) 35 (3.7) 20 (3.0)
Coordination of sciences with sociai science 43 (2.9) 34 {(3.6) 19 (3.8)
Taking student conceptions about a natural phenomenon

Into account when planning curncufum 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 grea ar depth 29 (2.6) 21 (2.4) 19 (1.6)
Deeper coverage of fewer science concept. 28 (2.8) 30 (3.1) 20 (1 6)
Applications of scientific methods in addressing

societal 1ssues 2823 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 survev of science and mathematics egucation
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

Area and number of courses

Gru ‘e range

1-4 5-8 9-12
Numbar of science areas completed
Total 100 100 100
None 1 (95) 0 {02} 0 (0.1)
1 9 (1.4) 7 (1.9 4 (10
2 28 (2.2) 25 (3.2) 20 (22)
3 63 (2.9) 68 (2.9) 77 (23
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 (26)
4 1o 7 courses 20 (3.2) 28 (3.2) 20 (30)
8 or more courses 4 (1.2) 18 (2.1) 57 (1.9)
Physical science
Total 100 100 100
None 25 {22) 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 (09) 14 (2.5) 57 (2.0)
Earth science
Total 100 100 100
None 15 (16) 14 (22) 20 (2.3}
1 to 3 courses 66 (2.8) 53 (3.4) 43 (2.2)
4 10 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 tabutations.
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Appendix table 3-22

Grades 7-1Z science teachers’ level of preparation in field taught: 1993

Number of courses taken in same fleld taught

Fewer than 6 courses

Field of class taught 6 or mare courses Fewer than 6 courses
and grade range Total 6 or more courses in another tield in another fleld
Life science, 7-12 100 82 (5.6) 3 (1.2) 14 (5.7)

Earth sctence, 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 (1.1)
Chemustry, 9-12 100 82 (3.4) 18 (3.6) 1 (0.4)

Physics, 9-12 100 74 (6.0) 22 (5.7) 4 [~z

NOTES: Standard errors appear In pareniheses. Totals may not equa! 100 percent as a result of rounding.

SOURCE. Weiss, LR, Matti. M.C.. & Smith, P.S (1994). Report of the 1993 national survey of science and mathematics
education. Chapel Hill, NC: Honzon 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

Collegs course completed 1-4 5-8 9-12
Mathematics for elementary schoot teachers 98 (12 80 (2.2) 20 (2.8)
Mathematics for miadle schoot teachers 14 (1.7) 41 (3.6) 30 (19
Geometry for elementary or middie school teachers 30 (2.2) 35 (3.2) 24 (17)
College algebra or tngonometry 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)
Differentiat equations 2 (0.7) 12 (13) 62 (3.3)
Geometry 22 (23) 39 (30) 84 (2.6)
Probability and statistics 27 (30 44 (3 1) 81 (2.7)
Abstract algebra or number theory 10 (15 22 (22) 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 8 (1.5) 13 (1.6) 42 (2.6)
Discrete mathematics 2 (1.2) 6 (1.2) 26 (2.0)
Other upper-division mathematics 6 (1.7) 18 (1.9) 57 (3.3)
Biologtcal sciences 74 (2.8) 72 (2.9) 55 (2.9)
Chemistry 28 (2.2) 37 (2.4) 51 (2.8)
Physics 17 {(1.6) 27 (1.9) 59 (3.0)
Physical science 49 (2.8) 48 (36} 31 (2.6}
Earth or space science 45 (2.8) 45 (2.4. 28 (2.8)
Engineering 2 (1.1) 3 (0.9) 10 (08)
Computer programmirig 21 (1.9) 30 (2.4) 65 (2.5)
Other computer science 21 (22) 24 (2.6) 33 (2.6)
Supervised student teaching in mathematcs 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 (34) 32 (2.7) 43 (2.3)

NOTE: Standard errors appear in parentheses.
SOURCES Weiss. LA, Matt, MC . & Smith, P S (1994). Report of the 1993 natione: = 9y of science and mathematics education. Chapel
Hill, NC: Hornizon Research, Inc.; Weiss, |.R (1994). 1993 National survey of science ana u..:hematics education. Unpublished tabulations.
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Appendix table 3-24

Percent of mathematics teachers completing
college coursework recommended by the Nationai
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 51 (2.0) 69 (3.9)
Abstract algebia 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 statisucs 76 (1.7) 85 (1.8}
Abstract algebra or number theory 69 (1.9) 80(25)
Linear aigebra 69 (19) 82 (1.6)
Advanced calculus 63 (1.9) 73 (3.9)
Other upper-division mathematics 63 (1.9) 62 (3.8)
Differential equations 61 (2.0) 66 (3.1}
g Applications of mathematics or problem solving 39 (2.0) 49 (2.7)
i History of mathematics 37 (1.9) 46 (2.8)
5 NQTE Standard errors appear in parentheses.
.:\; SOURCES: Weiss. 1.R. (1987) Report of the 1985-86 national survey of science and mathematics

education Research Triangle Park, NC: Research Tnangle institute. Weiss. | 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 tield of study Low Medium High

Science or science education
Undergraduate major in science 60 (3.9) 61(27) 62 (3.2
Undergraduate or graduate majar in
science or science aducation 72(37) 72(3.0) 6¢ 3.7
Undergraduate or graduate major or

MmINCr IN Science or science education 94 (1.7) 89 (2.8) 85 (2.7)

Mathematics or mathematics education
Undergraduate major in mathemat.cs 37 (3.1) 37 (2.8) 31 (2.3)

Urdergraduate or graduate major in
mathematics or mathemaucs education 62 (3.7) 54 (3.3) 47 (2.7)

Undergraduate or graduate major or
minor tn 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 bstween 10 percent
and 39 percent minority. High indicates a proportion of at least 40 psrcent minority. 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 3-26

Percent of self-contained elementary teachers feeling
very well qualified to teach each subject: 1977 to 1993

Subject 1977 1986 1993
Rear'in: ¢! language ars 63 (1.7) 86 (1.0 76 (1.9)
Math ::matics 49 (1.8) 69 (1.3) 60 (2.4)
Social studies 39 (1.7} 51 (1.4) 61 (17)
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
acadermic subjects 1n one class. Standard errors appear In parentheses.

SOURCES: Waiss. |.R (1987). Report of the 1985-86 nationat 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 1693 national survey of science and
mathematics education. Chapel Hill, NC: Honzon Res<earch. Inc.
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Appendix table 3-27

Percent of mathematics teachers considering themselves
well qualified to teach specific topics, by grade range: 1583

Grade range

T wpic i4 5-8 912

Estimation 50 (2.7 64 (3.3 72 (2.2)
NMamber 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 decimais 47 (2.1) 81 (3.0) 23 (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 refationships 58 (3.1) 52 (3.3) 71 (2.8)
Algebra 17 {2.0) 44  (3.1) g5 (0.8)
Tngonomstry 5 (1.3 13 (1.6) 60 (2.7)
Probability and statistics 11 (1.6) 28 (3.0 33 (2.3
Discrete mathematics 5 (08) 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: Waiss, I.R., Mat, M.C.. & Smith, P.S. (1994). Report of the 1993 national survey of science and mathematics
education. Chapsl Hill, NC: Horizon Research, Inc.
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Appendix table 3-28

Percent of mathematics teachers considering themselves
weli prepared to do specific tasks, by grade range: 1993

Task

Grade range

14 58 9-12

Present the applications of mathematics concepts 93 (1.6) 93(20) 87 2.7)
Use cooperaiive learning groups 87 (1.7 82 (2.6) 66 (2.9)
Take into account student preconceptions about

mathematics when planming curricuium and

instruction 81 (2.6) 73 (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 mathematcs

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 varnety of assessment strategies 77 {2 5) 73 (3.2) 67 (2.1)
Use the textbook as a resource rather than as the

pnmary 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 heterogenecus it &bility 89 (1.8) 85 (2.5) 71 (2.3)
Teach students from a vanety 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 iIn 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: Waiss. 1.R., Matti, M.C., & Smith, P.S. (1994) HAeport 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 14 5-8 9-12
Present the apphcations of science concepts 74 (2.3) 80 (3.5) 92 (3.1}
Use cooperative iearning technigues 83 (2.2) 83 (2.5) 64 (34)

Take into account student preconceptions about

natural phenomena when planning curniculum ana

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 studerits 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 (32) 85 (1.5)
Use the textbook as a resource rather than as the

pnmary instructionat 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 varnety 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 disabitiies 50 (3.5) 46 (3.1) 27 (1.8)
Encourage participation cf females in science 92 (2.0; 94 (17) 90 (3.0)
Encourage participation of minontes in science 87 (2 3) 86 (24) 80 (3.3)
Involve parents 1n the science education of their

children 57 (3.6} 56 (3 1) 43 (3.0)

NQTE. Standard errors appear 1n parentheses
SOURCE" Weiss. | R. Mat, MC . & Smith. P S (1994) Report of the 1993 national survey of science and mathematcs education
Chapel Hill. NC- Honzon Research, inc
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Appendix table 3-30

Percent of 12th-grade students whose science and
mathematics teachers discuss currictlum issues,
by type of person or group with whom they discuss: 1992

Sclence Mathematics Science and

Person or group students students mathematics students
Teachers i the department 95 97 96
Department chair 82 86 86
Principals 60 59 59
Teachers outside the departiment 58 59 58
Other teachers outside the school 57 60 59
Other schoot adminustrators 45 49 47
Parents 41 42 42
Others in the community (business

leaders. university staff, stc ) 36 32 33

SOURCE: Nationai Center for Education Statstics, {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 scierice and mathematics teachers agreeing with each of a
number of statements related to teacher collegiality, by grade range: 1993

Grade range
Fteld and statement 14 58 9-12

Science
| feel supported by colleagues 1o try out new ideas In

teaching science 74 (2.3) 76 (3.1) 87 (1.6)
| feel that 1 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 1deas 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 litile support from the school administration for

teaching science 21 {2.3) 23 (3.8) 23 (2.6)

| have time during the regular school week 1o work with my

peers on science curniculum 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 shanng and improving

instructional strategies 11 (1.8) 11 (1.8) 14 (3.1)

Mathematics

| teel supported by colleagues 10 try out new 1deas in

teaching mathematics 84 (2.0) 83 (3.9) 80 (2.3)
i 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 curnculum 47 (1.8) 46 (2.8) 69 (2.6)
I receive little support from the school administration for

teaching mathematics 14 (1.5) 19 (31) 20 (2 6)
1 have time duning the regular school week to work with my

peers on mathematics curriculum and instruction 21 (1.9) 17 (18) 16 (1.6)
Mathematics teachers in this school regularly observe each

other teaching classes as part of sharng and improving

instructional strategies 12 (1.8} 10 (2.1) 11(18)

NOTES Includes teachers indicating “Strongly Agree” and “Agree” 1o each statement Standard errors appear in parentheses

SQURCE. Weiss. | R.. Matti, M.C.. & Smith, P.S. (1894) Report of the 1993 nalional survey of science and mathematics educaton Chapel Hill,
NC Honzon 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 14 58 9-12

Science None 26 (2.8) 17 (1.9) 12 (1.5)
Fewer than 6 hours 30 (18) 22 (2.6} 14 (1.8)
6 -18 hours 22 (2.1) 27 (4.2) 18 (3.0)
16 - 35 hours 14 (1.9) 14 (2.8) 19 (14)
More than 35 hours 9(1.8) 20 (2.4) 38 (3.1)

Mathematics None 17(15) 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 (18
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 appeur In parentheses.

SQURCE: Weiss, I.8., Matti, M.C.. & Smith, P S. (1994). Report of the 1993 national survey of science and mathematics education Chapel
Hill. NC. Honzon Research, Inc.

Indicators of Science and Mathematics Eduzation 1985

Appendix table 3-33

Year of most recent college coursework in field for science and mathematics
teachers, by grade range: 1993

Grade range

Fleld and year of most recent course 1-4 5-3 9-12

Science, total 100 100 100
Before 1983 53 (2.5) 41 (3.0) 24 (3.8)
1983 - 1988 20 (2.1) 18 (1.6) 21 (1.9
1989 - 1993 26 (3.0 41 (2.8) 55 (32)

Mathematics, total 100 100 100
Before 1983 41 (2.3 39 (3.8) 31 (1.8)
1983 - 1988 22 (19 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. | R., Mattl, M C.. & Smith. P S (1994) Report of the 1993 national survey of science and mathematics education. Chapel
Hill. NC Hornizon Research. Inc

Indicatars of Science and Mathematics Educaticn 1995

170 :




O

ERIC

Aruitoxt provided by Eic:

8o INDICATORS OF SCIENCE AND MATHEMATICS EDUCATION

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 14 5-8 9-12
Science
Served on a school or district curnculum committee 17 (3.4) 26 (2.3) 40 (2.7)
Served on a school or distnct 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 (1.1) (1.2) 16 (2.0)
Received any local, state, « - - ational grants or awards for teaching 3 (07) (1.3) 17 (1.9)
Mathematics
Served on a school or district curnculum comrittee 18  (1.9) 25 (2.6) 51 (2.5)
Served on a schoof 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) 33 (2.6)
Taught any in-service workshops or courses In mathematics
or mathematics teaching 6 (14) 6 (0.8) 13 (1.2)
Received any local, state. or national grants or awards for 1eaching 3 (0.7) 3 (0.8) (0.6)

NOTE: Standard errors appear in parentheses.

SOURCE: Waeiss, |.R., Matu, 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

171

1995




O

ERIC

Aruitoxt provided by Eic:

APPENDIX TABLES

Appendix table 3-35

Percent of mathematics classes never taking part in various activities,

by grade range: 1993

Actlvity

Grade range

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 dunng presentation by teacher 63 (32 12 2.7 1 (0.2)
Watch fiims. filmstnps, or videotapes 51 (2.2 57 (24 54 (2.4)
Work 1n class on mathematics projects that take a

week or more 48 (18) 41 (2.7) 58 (2.1)
Write therr reasoning about how to sotve a problem 31 (1.9 14 (15 20 (1.6}
Use computers or calcuiators to develop an

understanding of mathematics concepts 21 (16) 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 3.0y 15 (1.5)
Make conjectures and explore pessible methods to

solve a mathematics problem 16 (2.1) 8 (1.3) 14 (1.9)
Do mathematics problems from textbooks 1129 1 (0.4) 1 {0.3)
Participate In dialogue with the teacher to develop

an dea 8 (1N 5 (1.3) 4 (0.7)
Learn about mathematics through real-ife

applications 3 (12) 3 (1.1 8 (1.2)
Do matnematics problems from worksheets 2 (07) 2 (04) 3 (06)
Use manwppulative materiais or models 1 (03) 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 . Matu, M.C.. & Smith, P S. (1994). Report of the 1993 national survey of scisnce and mathematics

aducation. Chapel Hili, NC: Honzon Research. Inc.
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Appendix tabie 3-36

Percent of science classes never taking part in various activities,
by grade range: 1993

Grade range

Activity 14 58 912

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 (1.4) 21 (1.2)
Take field trips 23 (2.7) 35 (2.9) 62 (2.3)
Watch fims, fiimstnips, or videotapes 6 (1.9 2 (0.5) 8 (1.5
Watch the teacher demonstrate a scientific principle 3 (0.8) 4 (1.6) 1 (04)
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. Standara errors appear in parentheses.
SOURCE: Weaiss. |.R.. Matti, M.C., & Smith, P.S. (1894) Report of tho 1993 national survey of science and mathematics education.
Chapel Hill, NC: Honizon Research, Inc.
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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

Availability of Condition of science Avallabllity 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 1.7 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.

Indicators of Science and Mathematics Educalion 1995

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
Etementary Japan 82 24 110 {(16.7)
Netherlands 175 16 24 (11N
United States 171 6 7  {0.5)
Lower secondary Austnia 261 11 11 (0.3)
Garmany 134 15 17 {08
Japan 129 31 88 (14.4)
Netherlands 285 14 15 {0.5)
United States 148 5 7 (07
Upper secondary Austria 162 4 5 (04
Japan 136 23 38 (45)
United States 130 5 8 (1.1

* Student-compulter ratio s calculated using grade-specthc enrollment for three grades at each school ievel i1 1ther than full
school enrollment) the target grade. the grade immediately before the target grade. and the grade immediate  after it.
NOTE: Standard errors appear n parentheses

SOURCE: Pelgrum. W.J . Janssen Reinen, |.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

Educatlon fevel Nation 1989 1992

Lower secondary Japan 77 92
Austna 23 67
Germany 12 38
Netherlands 1 22
United States 1 17

Upper secondary Japan 72 85
Austna 19 77
Sloventa 17 76
Unitad States 3 29

NOTE: Standard errors are not available.
SOURCE: Pelgrum. W J., Janssen Reinen. LA.M.. & Plomp, T. (Eds.). (1993). Schools, teachers.

séudems and computers: A cross-national perspective {(IEA COMPED Study Stage 2). Natherlands:
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 ail schools use external networks
Eiementary, total number of schools 163 37

AT&T ID Learning 3 13

Dialog or other databases 5 24

National Geographic Kids Network 6 24

CompuServe or other e-mail 11 46

Other 11 43
Lower secondary. totai 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 otner databases 13 30

Nawonal Geographic Kids Network 1 3

CompuServe or other e-mad 13 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 Minngsota

Indicators of Science and Malrernatcs Educaton (g9%

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 1890 1992

9 years 8 A0 75 (08 75 07Ty 78 (09 80 (05
13 years 8 55 (1 4y 52 (14 55 (14) 60 (1 Oy 62 (1.3
17 years " 63 (101 59 (12) 65 (12} 66 (10) 67 (0.8}

HOTE Standard errors appear i parentheses
SOURCE Mulis. 1 VS . et al {1994y NAEP 1992 trondu in acadenue progress 1Repon No 23-TRO1: Washington. DC National
Center for Education Statistics
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Appendix table 4-2

INDICATORS OF SCIENCE AND MATHEMATICS EDUCATION

College enrollment rates of recent high school graduates,
hy race or ethnic origin: 1876 to 1992

199S

Year

Recent high school graduates’

(numbers in thousands)

Enrofled In college?
(numbers in thousands)

Percent of high school

gracuates enrolied in college

Total White Black® Hispanic® Total White Black® Hispanic® Total White Black® Hispanic’
1976 2,987 2,640 320 152 1.458 1,29 134 80 48.8 48.9 419 52.6
1977 3,140 2.768 335 156 1.580 1,403 186 80 50.6 50.7 49.6 51.3
1978 3,161 2,750 352 133 1,584 1,378 161 57 50.1 50.1 457 429
1979 3,160 2,776 324 154 1,559 1,376 147 69 493 49.€ 454 448
1980 3,089 2,682 361 129 1,524 1,339 151 58 49.3 49.9 41.8 527
1681 3,053 2,626 35¢ 146 1,645 1,434 154 76 53.9 54.6 429 52.1
1882 3,100 2,644 384 174 1,568 1,376 140 75 50.6 52.0 36.5 431
1983 2,964 2,496 392 138 1,582 1,372 151 75 52.7 55.0 385 54.3
1984 3,012 2,514 438 185 1,662 1,455 176 g2 55.2 57.9 40.2 44.3
1985 2,666 2,241 2333 141 1,539 1,332 141 72 57.7 59.4 423 51.1
1986 2,786 2,307 385 169 1,499 1,292 141 75 53.8 56.0 36.5 44.4
1587 2,647 2.207 337 176 1.503 1,249 175 59 56.8 56.6 51.9 33.5
1638 2,673 2,187 382 179 1575 1,328 172 102 58.9 60.7 450 57.0
1989 2,454 2,051 337 168 1,463 1,238 178 2 59.8 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 1,800 353 199 1,479 1,204 169 109 61.7 63.4 47.9 54.8

O

LRIC

NOTES: Persons of Hispanic ongin may be of any race. Data are based upon sampie strveys of the civilan population.
! Individuals aged 16 to 24 who graduated from high school during the preceding 12 months.

? Enroliment in cotlege as of October of each year for individuals aged 16 to 24 who graduated from high school or (ceived the GED dunng the

preceding 12 months.

3 As a result of the smail sample size, black and Hispanic data are subject o 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.
Indicators ol Sciance and Matnematcs kducation 1995




L LR A

—

Aruitoxt provided by Eic:

APPENDIX TABLES

Appendix table 4-3

Total fall enroliment in postsecondary institutions,

by attendance status and age: 1970 to 1591

Age 1970 1975 1380 1985 1987 1990 1991
Full-ime students (in thousands)
Total 5.815 5.841 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 2510 2.580 2,322 2,483 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 739 67.3 68.4 63.6 64.4 60.6 59.4
Part-time students (in thousands)
Total 2.766 4,344 4,899 5172 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 21 233 330 364 408 480 498 469
22-24 576 746 815 705 766 779 750
25-29 668 1,082 1,261 1,258 1,237 1,261 1,2€6
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 ysars and younger 16.1 16.2 143 13.9 15.9 14.1 12.5

-RIC

NOTES: Distribution by age 1s based on samples of the civilian noninstitutional poputation. Numbers may not add to tolals 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 enroliment in postsecondary institutions,
by sex: 1970 to 1998 (projected)

Enroliment (in thousands) Parcent
Year Total Men Women female
1970 £581 5.044 3,537 41.2
1975 11.185 6,14¢ 5,036 450
1980 12.097 5.874 6,223 514
1985 12.247 5818 6.429 52.5
1987 12.767 5932 6.835 535
189¢ 13.820 6.284 7.535 54.5
1991 14.359 6.502 7.857 54.7
1998° 15,1191 6.811 8.300 54.9

° Projected

SOURCE: National Center for Education Statistcs. (1994). Digest of educational
statistics 1994 (NCES 34-115) 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. ciizens only)

Totat 100.0 1000 100.0 100.0 100.0 100 0 100.0
While 84.3 835 82.5 81.1 799 78.8 76 6
Black 9.6 94 9.0 8.9 9.3 9.6 10.2
Hispanic 3.6 4.0 4.5 54 58 6.2 71
Asian 1.8 2.4 3.3 3.9 4.3 46 5.2
Native Amerncan 0.7 0.7 0.7 07 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 210 255 289 284 424 484 557
Asian 79 124 167 199 215 256 295
Native Amerncan 41 47 46 50 55 74 63
MNonresident alien 42 64 53 60 67 63 91

- Percent (U.S. citizens only)

Total 100.0 1000 100.0 100.0 100.0 1000 100.0
White 80.2 79 8 78 5 77.0 76.4 751 72.3
Black 112 10.6 103 9.8 101 103 10.¢
Hisparc 5.5 5.7 65 8.0 8.2 8.7 10.2
Asian 21 28 37 4.1 42 46 54
Native Amencan 11 11 1.0 10 11 13 12

Nonresident alien - - - -

~Distribution tri U S citizens only.

NOTES: Numbers may not add to totals as a esult of rounding Persons of Hispanic ongin may be of any race.

COURCES National Center for Education Statistics (1994)  Digest of educational statistics 1994 (NCES 94-115) Washington. DC U S
Government Prnting Office: National Center for Education Statistics (1995). Fall enroizient in colleges and universihes. Unpublishec
tabulations
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Appendix table 4-6

Number of coliege courses outside their major that 1991 bachelor’s degree
recipients took, by field, sex, and race or ethnic origin: 1991

Race or ethnic orlgin

Other race
Couraes Total Maie Female Biack Hispanic Aslan or ethnic origin

Mathematics and computer science coursetaking by non-mathematics and non-computer-science majors

Total, nonmajors 1,008,018 449,784 557,512 59.496 40.653 37,019 55,246
None 196,601 75.274 119,952 10,934 6,983 7.684 12,551
1-4 647,586 268,780 376,358 37.311 24,748 21,153 31,319
5 or more 163,831 105,730 61,202 11,251 8,922 8.181 11,376

Percent

Total, nonmajors 100.0 100.0 100.0 100.0 100.0 100.0 100.0
None 19.5 16.7 215 18.4 17.2 20.8 22.7
1-4 64.2 59.8 67.5 62.7 60.9 571 56.7
5 or more 16.3 23.5 11.0 18.9 21.9 221 208

Engineering coursetaking by non-engineering majors

Total. nonmajors 978,503 417,450 558,376 59,214 39.361 33,355 53,151
None 908.211 370,072 533,972 56,113 37.768 28,147 50.918
1-4 57112 35,436 22,559 2,739 1.362 4,465 1.293
5 or more 13,180 11,942 1,845 362 231 743 940

Pearcent

Total. nonmajors 100.0 1000 100.0 100.0 1000 100.0 100.0
None 92.8 88.7 95.6 948 96.0 84.4 958
14 58 85 4.0 4.6 3.5 134 2.4
5 or more 13 29 0.3 0.6 0.6 2.2 18

Continued
155
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Appendix table 4-6

Number of college courses outside théir 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 Matle Female Black Hispanic Aslan or ethnic origin
Life and physical sciences coursetaking by non-ife 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 38.500 21,820 18.792 30,526
5 or more 163.504 84,668 80.006 9.103 7.548 10.190 10,461
Per.ent
Total. nonmajors 1000 100.0 100.0 100.0 100.0 100.0 100.0
Nons 21.5 21.2 21.8 208 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 15.8 188 28.4 19.2
o Social sctences coursataking by non-social-sciences majors
Total, nonmajors 86C.673 386,976 473,24 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
b
5 None 6.0 5.7 6.2 4.5 7.2 61 10.1
' 1-4 39.3 40.8 38.2 37.9 402 415 44.0
E 5 or more 54.7 53.5 55.6 57.6 52.6 52.4 46.0

NOTES: Persons of Hispanic ongin may be of any race. Numbars 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.  Philadelphia: University of Pennsylvania.
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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
Ail students
All fields, total 1 044,267 562.741 539
Science ana engineenng. total 345.009 185.907 539
Mathematical and computer sciences 36.249 19,751 545
Life and pnysical sciences 59.401 36.659 61.7
Engineenng 65,764 34.087 51.8
Social sciences 183.595 95,410 53.9
Males
All fields. total 473,851 221.271 467
Science and engineenng, totai 200.077 98.532 49.2
Mathematical and computer sciences 24,067 11.693 486
Life and physical sciences 32.734 19.500 596
Engineering 56.401 27.7086 491
Social sciences 86.875 39.633 456
Females
All fields. total 570.416 338.047 593
Science and engineering. total 149,298 88.610 59.4
Mathematical and computer sciences 12.904 8.373 649
Life and physical sciences 27.178 17.364 639
Engineenng 12.040 7.532 626
Social sciences 897.176 55.341 56.9

SOURCE Unwversity of Pennsylvania Instittite for Research on Higher Education and the Association ¢f Amencan Colieges and Universities
11994, Estmates of student curncular activity from a natonal survey of colleges and umiversites  Philadelpia Umversity of Pennsyivamia
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Appendix table 4-11

Percent of all faculty who sa ¢ 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
Chite 22 17
Israel 19 1€
Austraha 18 20
United States 15 20

NOTE: includes faculty of all disciplines and depanments.

SOURCE: Mooney. C.J. (1994. June 22). The shar20 concerns of scholars. The Chronicle of
Higher 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 imajor or like major group of majors

All natural sciences and enqQineer:ng 560 440

Engineernng 61.9 38.1

Natural sciences

Biological sciences 49.1 510
Computer sciences 46 4 53.6
Mathematical sciences 373 627
Physical sciences 48.8 51.2
Sociat and behavioral sciences 72.0 28.0

Non-science and -engineering

Business 59.5 405
Education 67.7 323
English 84.9 15.1
Fine arts 70.1 29.9
History or pohitical science 65.2 348

NOTE. Like majors are defined as follows' Group one—biological sciences. physical sciences. engineernng, and
mathematical sciences. Group two—history or political science, social and behawvioral sciences. fine arts. and English.
Computer sciences. business. and education were defined to be separate majors, without other ke majors

SOURCE. Seymour, £, & Hewntt, N.M. (1994). Talking about ieaving: Factors contributing to tigh attrition rates among
science. mathematics & engineering undergraduate majors. Final report to the Alfred P. Sloan Foundation on an
ethnographic inquiry at seven mstitutions. Boulder. CO: University of Colorado.
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Appendix table 4-13

Average undergraduate {uition and fees paid by students,
by type and control of institution: 1985 to 1993

Public Instltutions Private institutions
Year 4-year © 2-year 4-year 2-year
1985 $1.657 $788 $7.497 $4,703
1986 1,717 835 7,975 4,785
1.87 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
1891 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 prehminary. Public institution tuition and fees are shown fcr in-state residants.
Amounts represent real 1993 dollars.

SQURCE: National Center for Education Statistics. (1993). Digest of educational statistics 1993
(NCES 93-292). Washington, DC: U.S. Govemment Pnnting Office.

indicators of Scionce and Mathematics Education 1595

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 detst Income ot median first-year income
Engineers. surveyors. architects 51.5 $6.900 $31,200 22.1
Eiementary & secondary teachers £1.0 $6.500 «18.200 35.7
Science tecnnicians 46 9 $4,000 $20,500 9.5
Engineenng technicians 46 2 $£.000 $27,900 287
Social scientists & urban planners 453 $8.000 $20,500 39.0
Natural scientists & mathematicians 44.6 $5.000 $23,900 20.9
Computsr scientists 402 $8.000 $30.000 26.7

NOTES: Median debt inctudes only those with debt Median income includes only those with debt and tirst-year income.

SQURCE" 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 4-16

Participation rate of 22-year-oids in first university degrees in the natural sciences and
engineering, by sex and country: most current year (1989 to 1992)

sercent 22-year-olds

All tirst With With NS&E dogrees
uriversity Natural Soctal Persons first univ. NS&E earned as a percent
Region/ country degrees sciences *___sciences  gnaingering * 22-years-old degree decree’ ot alf 22-year-olds
Male
Asia
Japar * 290,253 20 221 138,708 78.705 215,800 317 108 55
South Korea 104.627 15.953 7.579 26.763 447,600 234 9.5 50
Tawan 23.556 4.723 1.167 8.110 190.800 124 67 35
Europe
Ausina 5.996 1.071 301 978 62,272 9.6 3.3 17
Buigana 10.296 1.047 201 3.337 61.046 ‘69 7.2 37
France 55.637 10.416 3.925 13.394 435915 128 55 28
Geimany * 111.894 18.475 20.828 34.634 660,000 16 1 76 41
Greece 8.600 1.731 969 1.547 78.932 109 42 21
Itaty 46.519 6.77¢ 10,447 7.278 465,783 100 30 15
Poland 24,525 3.309 752 6,100 265.441 92 35 18
Spain 51.208 7.390 1,495 5.996 338,000 152 40 20
Sweden 7.203 897 262 2.018 6C.871 118 48 25
Swilzeriand 5.893 1.088 429 751 47.859 115 3.6 20
United Kingdom ¢ 46.888 12.963 6.536 8.(_347 437,232 107 49 25
North America
Canada 56,157 8.235 7.929 7.738 205.200 274 73 4.0
United States 508.952 62.341 74.900 68.851 1.896.959 268 69 35
Female _
Asia
Japan * 109.750 4.932 18.519 2.650 871,600 126 09 04
South Korea 61.289 7.242 2.632 1.308 411.400 149 21 10
Tawan 19 396 1810 2.007 840 180.200 108 15 07
Europe
Austna 4673 481 457 70 59 590 T# 04 05
Buigarna 13.59¢ 1.341 2538 3.2 57.259 237 78 38
france 48.200 5484 3.419 3.195% 417,947 115 21 10
Germany * 69.751 11.425 16.297 4.218 627.400 106 24 12
Greece 9 832 1.228 998 450 73.717 133 23 1t
laty 49.706 6.369 8.864 622 450470 110 16 08
Poiand 30.835 3.551 1.329 1.340 252.900 122 19 09
Spain 70 69+ 5912 4.024 648 322.400 219 20 10
Sweden 9 B85% 595 938 529 57.994 176G 19 U9
Switzerland 3.272 376 495 26 45.940 7 09 04
United Kingdom 38.00% 7.368 6855 1.398 416.872 91 24 10
Narth Amernca
Canada 74.007 5.272 13.811 929 193 200 342 31 i5
United States 599 045 50.542 95.205 11.630 1.829.155 328 34 17

MOTES NSA&E - Natural sciences and enqineenng  Data for Buigara  Germany. ltaly Poland Svatzerland and tne United Kingdom are trom 992
Data for Austia France. Greece. Japan Sweden and the United States are for 1991  All other data are from 1990

Inciuges deqrees in math and computer scrences and agncullural sciences  Includes degrees 1n engineering technoicgv  Sccial science degrees are
not inciuded in this proportion * Japanese social science$ data are adusted to delete business  Average age of German degree recipient 1s 27 years
¢ a2¢_ Poputation qven is for all 27-year-0'gs in united Germany  United Kingdom dala do not include open unversities
SOURCE Natonat Saience Foundation (1994, (Spec.al tabulatiors of stalistics of niernalionat aegreesj Unpubhished dala
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Appendix table 4-18
Number of bachelor's degrees awarded, by major field group and by sex: 1971 to 1991

Total Female

Natural Social 2 1d_ Total S&E Natural Soclal and

Year Total S&E Engineeiing  sciences behav. sci. Number  Percent Engineering  scierces behav, sci.
1971 224.357 45 248 94.544 154.565 87.039 28.9 361 23.848 60.830
1972 306.459 45,711 96.410 164.338 90.037 294 492 709 64,836
1973 321.085 46,772 103.004 171.302 95,995 29.9 576 2u.L85 68,534
1974 326.230 43.248 109,752 173.230 102,578 314 698 29.986 71.894
1975 313.555 39.824 110.584 163.147 102.814 328 845 31.878 70.091
1976 309.491 38.790 113.296 157,405 103.921 336 1.317 33.653 68.951
1977 303.798 41,357 113.908 148,533 134,993 34.6 2.044 35.289 67.660
1978 303.555 47.251 112.286 144.018 107.667 355 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 58,410 110 253 135.632 113.480 37.2 5.952 38.905 68.623
1981 306.792 63.717 11C.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 74.425 125.166 131.935 131.545 397 11,404 49,706 70.435
1988 322.482 70.154 115.611 136,717 130,933 40.6 10,779 46.569 73.58E
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 42.5 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 engineenng.
SOURCE. National Science Foundation. (12941, Science and engineenng degrees: 1966-91 (NSF 94-305). Arlington. VA: NSF.
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Appendix tabie 4-19

Number of master’s degrees awarded, by major fieid group and by sex: 1971 to 1991

Total Female

Total Social and Total Social and

science ~“nd Natural behavioral science and Natural behavioral

Year engineering Engineering sclences 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 Nationatl Science Foundation (1994; Science and engineenng deqgrees 1966-91 (NSF 94-3051 Aringlon 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
sclence and Natural behavioral science and Natural behavioral
Year engineering Engineering sciences sciences engineering Engineering sciences sciences
1971 19.363 3.514 10.280 5569 1.990 16 1,000 974
1972 19.324 38092 9 986 5.829 2.142 22 1 040 1.080
1973 19.352 3.374 9.804 6174 2.510 46 1171 1.293
1974 18.694 3.161 9.266 5267 2.6€2 34 1.163 1.465
1975 18.711 3.011 9.250 6.450 2.905 52 1.252 1601
1976 18 364 2.838 8.866 6 660 3.060 55 1.272 1.733
1977 17 892 2.648 8.640 6 504 3.185 74 1273 1838
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 5 363 3.915 90 $.652 2.173
1481 18,143 2.528 3.956 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) Sc:ence and engineenng 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 Fomale Total Male Female Total Male Female
1971 8.4 11.9 4.9 15 2.4 0.5 0.7 1.3 0.2
1972 8.7 12.3 5.1 1.7 .7 0.6 0.7 12 0.2
1973 8.8 12.2 5.3 17 2.8 0.7 0.6 1.1 0.2
1974 8.7 11.8 5.5 1.7 2.8 0.7 06 11 0.2
1975 8.1 10.8 54 1.7 2.7 0.7 0.6 1.1 0.2
1976 7.8 10.3 53 1.7 2.6 0.8 0.6 1.1 0.2
1977 75 9.7 5.2 1.7 2.6 0.8 0.5 0.7 0.2
1978 7.4 9.5 53 1.7 2.5 0.9 0.5 0.8 0.2
1979 741 9.0 5.2 1.6 2.3 0.9 0.5 o8 0.2
1980 71 8.9 53 1.5 2.2 0.9 0.5 0.7 0.2
1981 7.2 8.9 54 1.5 2.1 0.9 05 0.7 0.2
1982 74 9.0 57 1.5 2.1 0.9 0.5 0.7 0.2
1983 7.3 89 57 1.6 2.1 1.0 0.5 07 02
1984 7.6 9.3 59 1.6 2.2 1.0 04 0.7 0.2
1985 7.9 9.6 6.2 1.6 2.2 1.0 ~ 04 0.7 0.2
1986 81 9.7 6.4 17 2.2 1.1 04 0.7 0.2
1987 8.3 9.8 66 1.7 2.3 1.1 0.4 0.7 0.2
1988 8.4 9.9 7.0 17 23 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 90 101 78 2.0 2.6 1.4 0.5 0.7 0.3
1991 90 9.9 8.1 21 2.6 1.5 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-vear-olds
SOURCE- Nationa! Science Foundaton (1994} Science and engmeering 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

Cltizenship 1977 1979 1981 1985 1987 1989 1990 1991
Number
Total, ail recipients 374,579 373,431 374,693 375.786 376,450 371,248 379,392 389.952
Jotal. U S. citizens and permanent residents 355,907  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
Hispantc 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 21628
Native Amarncan 1.368 1.411 1.430 1.603 1,487 1,466 1.485 1.594
Nonresident ahien 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
fParcent of all recipients.

U.S. citizens ang permanent residents Q7.7 97.3 96.4 94.8 93.4 94.3 93.6 941
Total, U S. citizens and permanent residents 100.0 fo0Q 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 58 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 Foundalion (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
Stateor  pachelor's awarded Blacks

Academic institutlon territory degrees to blacks All Male Femalo
North Carotina A&T State University NC 173 88 4 153 90 63
Tuskegee University AL 125 96.0 120 72 48
Praine View A&M University X 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 Unversity and A&M College LA 78 910 71 42 29
North Carolina State University at Raleigh NC 1.041 61 64 52 12
CUNY City College NY 211 251 53 44

Pratt Institute NY 90 478 43 40 3
Massachusetts Institute of Technoiogy MA 587 7.0 41 33 8

Percent
awarded Hispanics
to Hispanics Alf Male Female

University of Puerto Rico Mayaguez PR 529 1000 529 379 150
Universidad Politécnica de Puerto Rico PR 147 100.0 147 118 29
Flonda International University FL 195 53.8 105 80 25
Texas A&M University. Main Campus TX 938 92 86 66 20
University of Texas at El Paso TX 153 497 76 59 17
Califorma Polytechnic State University—SLO CA 700 9.6 67 59 8
University of Texas at Austin TX 751 85 64 57 7
Massachusetts Institute of Technology MA 587 92 54 41 13
New Mexico State University All Campuses NM 229 236 54 43 11
University of Miami FL 144 313 45 33 12

NQOTES Persons of Hispanic onigin may be of any race Universities listed are the ones that award the iargest number of
engineernng bachelor s gegrees to blacks or Hispanics
SOURCE National Center for Education Statistics Integrated Postsecondary Education Data System Special tabulations
by Science Resources Studies Divisicr: 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

9

Sclence and engineering total Nonescience and -engineering totai
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
1999 285 382 41 613 335 55
1991 349 405 55 652 325 75
1992 300 414 69 651 34 79

NOTE Persons of Hispanic ongin may be of any race
SOURCE National Science Foundation. (1993) Selected data on science and engmeenng dectorate awards
1992 (NSF 93-315) washington, DC. NSF

Indicators of Science and Mathematics Education 1995

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 5
1984 156 143 173 81 26 5
1985 152 126 148 96 21 20
1986 124 130 177 99 33 19
1987 115 119 179 126 31 21
1988 143 17 199 128 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 ongin may be of any race
SOURCE Natonal Science Foundation 11993) Selected data on science and engineering doctorate awards
1992 (NSF 93-315) Washington. DC. NSF

inaicators of Screnca and Mathematics Educaton 1995

ERIC 2

Aruitoxt provided by Eic:

praant
<




ERIC

Aruitoxt provided by Eic:

\

192 INDICATORS OF SCIENCE AND MATHEMATICS EDUCATION 1995

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 4,056 365 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
1960 17.523 13,410 3,662 451 209
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 24.5
1985 18,712 12,847 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 8.882 673 374
1992 24.432 14,252 9.372 798 38.4

SOURCES National Science Foundation (1993). Science and engmeering doctorates:
1960-91 (NSF 93-301) washington, DC- NSF, National Science goundauon. (1993).
Selgcted 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 Asgociate 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 41.7C8 10,314 579 15
1979 41,7186 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 20.22% 694 6
1985 53.693 20.£33 816 15
1986 49.904 214928 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
1981 45,104 18,294 1,188 25

SOURCE: National Science Foundation. (1894). Science and angineenng degrees:
1966-31 (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

Toial 3.389 3.600
Doctorate-granting institutions 213 236
Master’'s-granting tnstituttons 585 532
Bachelor's-granting institutions 572 633
Specialized-degree-granting Inst.tutions 642 6980
Tnbal 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. MayiJune) Research-intensive
vs. teaching-intensive institutions.  Change. 23-26.
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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 99,732 249 365.348 259.670 105,678 28.9
Science and engineernng, total 133,069 111.025 22,045 16 6 142,685 118,360 24,325 17.0
Natu-al sciences 72,043 60.028 12.015 167 78,016 66.023 11,893 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 81,353 365
Business 25,023 19.835 5.188 20.7 28.162 21.777 6,384 227
Education 25,673 15.610 10,063 392 28.099 15,212 12.887 459
Fine arts 26,0, 2 19.745 6,327 243 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 32479 19,352 37.3
Other programs 54,660 39.465 15,195 27.8 44,052 30.102 13.549 31.7

NOTE: Numbers may not equal totals as a result of rounding.
SOURCE" National Center for Education Statistics (1994) [Special tabutations from the 1993 national study of pos'secondary 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 facuity Total Teaching Research Other
Total 595.340 1000 668 115 217
Engineering 26.588 100C 689 16 5 14 5
tdatural sciences. tota 121.989 1000 633 236 131
Life science 50.652 1000 452 388 160
Physical science 29.884 1000 6886 19.0 124
Computer science 14.439 1000 774 105 12.0
Mathematcal science 27.014 100.0 837 73 a0
Social and behavioral sciences 62.422 1000 733 9.6 171
Non-science and -engineering. total 384.341 100.0 66 7 76 257
Health sciences 91.280 100.0 48.2 13.0 388
Education 41.304 1000 711 3.1 258
Business 41.552 100.0 80.1 67 133
Aumanities 79.875 100 0 82.1 29 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 includas clinical service. adminustration. community of public service, technical activities. on sabbatical
from insttution, or other unclassified activines. Totals may not equal 100 percent as a result of rounding.

SOURCE National Center for Education Statistics. (1294) (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 tewer faculty) (more than 20 faculty)
Numper of departments 744 523 221
Percent of academic depariments
Course ottered o
Facuity 39 32 53
Graduate students 40 31 60
Course required of
Facuilty 7 g 6
Graduate students 33 24 39
Areas covered by course
Teaching techniques 83 82 85
Academic or career advising 66 60 70
Enghish language skills 29 34 21
Amencan customs and behavior 30 24 35

NOTE. Includes only electrical. mechanical. and civil engineenng.
SOURCE Burton. L . & Celebuski. C A (1994) Higher education surveys: Undergraduate education in elecinical
mechamical and civil engineenng (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

INDICATORS OF SCIENCE AND MATHEMATICS EDUCATION 1995

Discussion Laboratory or
Type of institution and field Total Lecture Seminar group problem gession COther
Doctorate-granting institutions, total 100.0 61.1 13.2 10.6 8.7 6.4
Natural sciences 100.0 75.2 7.7 59 9.4 1.9
Engineering 100.0 84.7 4.2 1.1 7.8 23
Social and behavioral sciences 100.0 67.8 20.2 7.8 1.9 23
Non-science and -engineering 100.0 529 14.6 13.6 9.9 9.0
Master's-granting institutions, total 100.0 62.8 79 11.5 8.8 9.0
Natural sciences 100.0 79.2 29 3.9 11.0 2.9
Engineering 100.0 75.2 3.5 33 15.3 27
Social and behavioral sciences 100.0 77.4 10.1 55 2.9 4.1
Non-science and -engineenng 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
Enginesring 100.0 68.5 33 0.0 28.2 0.0
Social and behavioral sctences 100.0 67.3 15.8 12.0 22 2.7
Non-science and -engineering 100.0 426 120 223 8.8 14.2
Two-year institutions, total 100.0 66.2 23 10.1 14.4 7.0
Natural sciences 1000 84 6 07 2.1 10.5 2.1
Engineering 100.0 78.5 0.9 3.1 15.9 16
Social and behavioral sciences 100.0 86.1 38 5.0 3.0 22
Non-science and -engineenng 1000 571 27 13.6 16 9 96

Indicators of Science and Mathematics Educalion 1995
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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 nationat study ot 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

Institution type

Activities Doctorate-granting Master's-granting Bachelor's-granting
Regqular problem-solving opportunities 69 63 25
Reasearch projects 59 47 37
Senor project or thesis 23 36 28
Regutar socal activities with faculty 21 45 53

SOURCE. Albers. D J.. Loftsgaarden. D.O.. Rung. O.C . & Watkins, A E (1992). Stanstical 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

Indicators of Scrence and Mathemaucs Education 1995

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
Parcent
Total 100.0 100.0 100.0
Wnting activities 20 18 213
Group projects 14 19 46
Computer assignments 45 7.6 13.0

SOURCE. Albers. D J, Loftsgaarden, D.0.. Rung. D.C . & Watkins. A E (1992) Stanstical 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 Mathematicat Association of America.
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Appendix t: 1-37

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: Inciudes only movable instrumentation and ¢ quipment ongmally costing $10.000 to $999.999
owned by research-performing colleges and universities for use 1n the natural sciences and

engineering. from 1988 to 1989.

SOURCE: National Science Foundation. (1991) Charactenstics of science,engineenng equipment in

academic setings: 1989-90 (NSF 91-315). Washington, DC* NSF.
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The Formdateon protides awards for research m the sciences and engmeerme. The awardec i
wholly responstble for the conduct of such rescarch and preparanion of the vestlts for pubhicanon. The
Foundatuon. therefore, does not assiane responstbility for the research findings or thew mterpretation.

The Foundation welcomes proposals from all qualtfied scientists and engmeers and strongly
encotrages women. mnonties. and persons with disabilinies to compete flly mans of the vescarch
and related programs deseribed here.

In accordance with Federal statutes. requdations . und NSF policies, no persom o grovnds of
race. color. age. sex., nauonal onian . or disabliey shall be excluded from purucipaton in, be denied
the henefits of. or be subject to discrimmanon under ancy program or activity receiving finuncial
asststance from the Nauonal Science Foundation.

i Eaciliaton Awards for Scienusts and Engimeers with Disabilities (FASED) provide funding for
spectal assistance or equipment to enable persons with disabilities (investigators and vther staff,
mecluding student research assistants) to work on NSF projects. See the program announcement or
contact the program coordinator at (703) 306-1636.

Privacy Act. The information requested on proposal forms is solicited under the authoney of the
National Science Foundation Act of 1950, as amended. [t will be used m conncction with the
selection of qualified proposals and may be disclosed to qualified reviewers and staff assistants as
part of the review process: to applicant instituttons/grantees; to provide or obtam data regarding
. the application review process. award decisions, or the administration of awards: to government
contractors, experts volunteers, and researchers as necessary 1o complete assigned work; and to
other government agencies in order to coordinate programs. See Systems of Records, NSF-5C,

‘ Principal Investigators/Proposal File and Associated Records, and NSF-51, 6Q Federal Register
' 4449 (January 23. 1995). Reviewer/Proposal File and Associated Records. 59 Federal Register
SO31 (Februars 17, 1994). Subnussion of the informaton is voluntary. Failure to provide full

and complete mformation, however, may reduce the possibility of your receiving an award.

The Nanonal Science Foundaton has TDD (Telephonuc Device for the Deaf) capability, which
enables individials with hearng imparrment to communicate with the Foundation abowe NSF pro-
grams . emplovment, or general informanon. This number is (703) 306-0C90.
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