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In response to the current decline in the quality and

quantity of precollege mathematics and science education in the
United States, the National Science Board (NSB) established the
Commission of Precollege Education in Mathematics, Science, and
Technology. The purpose of this Commssion is to define a national
agenda for improving mathematics and science education in this
country. The Commission will develop an action plan that will include
a definition of the appropriate roles and responsibilities of
federal, state, and local governments, professional and scientific
societies, and the private sectors in addressing this problem. This
report presents the Commission's assessment of the current condition
of precollege education in mathematics, science, and technology and
explores some of the key problems and challenges facing educational
institutions in meeting three goals (described in the introduction)
to foster scientific and technological literacy. Specific
contributory problems to declining achievement and student
participation in science and mathematics in a time of increasing
national needs are discussed. These include problems related to
teachers, classrooms (inadequate teaching time, equipment, and
facilities), curricula, and instructional approaches. Issues related
to public perceptions and priorities are also addressed.
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About the National Science Board Commission on
Precollege Education in Mathematics,

i Science and Technology
o . | l

In response to the current decline in the quality and quantity of precollege mathematics and
science education in the United States, the National Science Board (NSB) established the
Commission on Precollege Education in Mathematics, Science and Technology. The NSB
Commission is composed of 20 persons from a wide variety of fields and is co-chaired by
William T. Coleman, Jr. and Cecily Cannan Selby.

The purpose of the NSB Commission is to define a national agenda for improving mathe-
matics and science education in this country. It will develop an action plan that will include
a definition ol the appropriate roles and responsibilities of federal, state, and local govern-
ments, professional and scientific societies, and the private sector in addressing this problem
of national dimenston.

The Commission will be active over a period of 18 months and will issue interim reports on its
findings. The Commission is charged to:

¢ Examine the existing evidence on the quality of precollege (all classes, K-12) educa-
tion in mathematics and science;

¢ Identify where current practices and policies fail to ensure the entry, sclection, educa-
tion and utilization of the full range of potential talent in science, mathematics and
engineering;

¢ Identify and analyze existing mathematics and science programs, teaching materials
and teaching techniques whose success may justify imitation or adaptation;

¢ Develop an understanding of the roles that all systems—government and private organiza-
tions, professional groups and individuals—can play in improving mathematics and
science education;

¢ .Establish a set of principles, options and strategies which can be used to improve the
quality of secondary school science and mathematics education.

About the National Science Foundation

The National Science Foundation (NSF) was established on May 10, 1950, as
an independent agency of the Executive Branch of the Federal Government.
Public Law 507 of the 81st Congress states that the “Foundation shall consist
of a National Science Board {NSB) and a Director.” The NSF Act assigns policy-
making functions to the National Science Board and the administration of the |
Foundation to the Director. The policies of the Board on the support of science,
development of scientific manpower and improvement of science education are
generally implemented through the various programs of the Foundation.
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NOBERT W PARRY Dear Dr. Branscomb:

BENJAMIN F. PAYTON
JOSEPH E. ROWE B

RIaAnD o eOLSON, EXEC. DIR. We are most pleased to tradsmit to you the
first formal report of our Eomnission,
"Today's Problems, Tomorrow's Crises." This
report represents the Commission's assessment of
the condition of precollege education in
mathematics, scéience and technology in this
country. .

The problems summarized in, our report--if left
unresolved--will escalate in the years ahead.
Thus, all Americans need to recognize the broad
importance of mathematics, science and technology
in the education of our youth. We hope,

accordingly, that our report will receive wide
dissemination. ) :

The seriousness of the current situation
underscores the Commission's resolve to develop,
during the remainder of its 1ife, an agenda for
action for all sectors of society.

+

Sincerely,

Ml s o CLSulb,
H{l¥am T. Coleman,"Jr. - Cecily/Cannan Selby
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Today’s Problems, Tomorrow’s Crises

Introduction Across the United States, there is escalating awareness that our
educational systems are facing inordinate difficulties in' trying to
' meet the needs of the Nation in our changing and increasingly
' technological society. We appear to be raising a generation of
Americans, many of whom lack the understanding and the skills
necessary to participate fully in the technological world in which
they live and work. Improved preparation of all citizens in the
fields of mathematics, science, and technology is essential to the
.development and maintenance of our Nation’s economic strength,
military security, commitment to the democratic ideal of an in-
formed and participating citizenry, and leadership in mathematics,
science and technology.

To meet these 'ends, our formal and informal education systems
must have the commitmeént and the capacity to achieve three equally
important goals:

® to continue to dgvelop and to broaden the pool of students
who are well prepared and highly motivated for advanced
careers in mathematics, science and eagineering;

e to widen the range of high-quality educational offerings in
mathematics, science and technology at all grade levels, so
that more students would be prepared for and thus have
greater options to choose among technically oriented careers
and professions; and

* to increase the general mathematics, science and technology
literacy of all citizens for life, work and full participation in
the society of the future..

The first goal needs little explanation, since maintenance of U.S.
scientific and technological capacity requires superbly educated
mathematicians, scientists, and engincers. As the total number of
- 18-year-olds in the populatioh continues to decrease into the 1990’s,
the percentage of high school graduates entering preprofessional,
college-level courses in science and engineering must ipcrease to
meet future manpower needs. In addition, to meet the country’s
needs for excellence, creativity, and innovation in its scientific
work, we must develop and utilize the talents of all Americans,
including women and minorities (now currently underrepresented’
in the science and engineering professions).

0 ) 1




The Principal
Concern:
Declining
Achievement
and Participation
at a Time of
Increasing
National Needs

The critical value of the second goal has become’ widely recognized
during the past few years. The current gap between opportunities
for those with and without credentials in mathematics, science
and technology will increase dramatically as the technological
complexity of U.S. society increases. Industrial leaders have iden-
tified the current shortage of trained technicians as a serious
barrier to increased productivity. Military commanders echo this
concern about their manpower requirements for meeting national
security needs. In such professions as law, journalism, and busi-
ness management, there is also a growing demand for men and
women with backgrounds in mathematics, science, and tech-
nology. The current and increasing shortage of citizens ade-
quately prepared by their education to take on the tasks needed
for the development of our economy, our culture, and our secu-
rity is rightly called a crisis by leaders in academe, business, and
government. '

The third goal is rooted in Thomas Jefferson’s familiar dictum
that an educated citizenry is the only safe repository of democratic
values. The life and work of Jefferson and others make clear that
a broad understanding of the relationships between science and
society was considered by early Americans as integral to the ideal
of the Republic. To lead full lives and to participate with confidence
in contemporary American society, citizens need an understand-
ing and appreciation of mathematics, science ztﬂ'@-lechnology.

This report reviews the status of math, science and technology
instruction in our educational systems and explores some of the
key problems and challenges facing those systems. The central
conclusion to be drawn is that, in the aggregate, the U.S. edu-
cational systems currently are not satisfactorily achieving the second
and third goals, and they will need assistance, although perhaps to
a somewhat lesser extent, to meet the first.

Data from a number of sources have documented declining student
achievement in mathematics and science, as indicated by declinesin:

¢ scienice achievement scores of U.S. 17-year-olds as measured
inthree national assessmentsof science (1969, 1973, and 1977);

mathematics scores of 17-year-olds as measured in two
national assessments of mathematics (1973, 1978); the decline
was especially severe in the areas of problem-solving and ap-
plications of mathematics; :

¢ mathematical and verbal Scholastic Aptitude Test (SAT) scores
of students over an 18-year period through 1980; and

¢ students prepared for post-secondary study. Remedial mathe-
matics enrollments at four-year institutions of higher educa-
tion increased 72'percent between 1975 and 1980, while total
student enrollments increased by only seven percent. At public
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four-year colleges, 25 percent of the mathematics courses are
remedial; and at community colleges, 42 percent are.

The proporticn and qualifications of high school seniors who will
major in mathematics, science, and engineering have remained
roughly constant over the past |5 years, although college engi-
neering enrollments have increased steadily since the mid-1970’s.
Some students are also receiving more advanced experiences in
secondary school science and mathematics as indicated by per-
formance on advanced placement tests.

~Nonetheless, adequate mathematics and science course opportu-
nities are not available for a// talented and motivated students.
As many as one-third of U.S. secondary schools do not offer suffi-
cient mathematics to qualify their graduates for admission to
accredited engineering schools. Only one-third of the 21,000 U.S.
high schools teach calculus, and fewer than one-third offer
physics courses taught by qualified physics teachers.

The evidence on student participation and achievement indicates
a wide and increasing divergence in the amount and quality of the
mathematics, science and technology education acquired by those
who plan to go on to college andstudy in those areas and by those
who do not. Students in the latter category generally stop their
study of mathematics and science at a relatively carly age, per-
form considerably less well on achievement measures than the
career-bound, and do not have opportunities to pursue appropriate
courses in contemporary technology. Only nine percent of the
students graduating from vocationally oriented secondary school
programs in 1980 took three years of science, and only 18 percent
took three or more years of mathematics. Hence, it is clear that
while the first goal stated in the introduction presently is being
fulfilled reasonably well, the second and third goals are not. In
fact, the educational system may actually have carried out these
Jatter goals better 20 years ago: the proportion of public high
school students (grddcs 9 to 12) enrolled in science courses has
declined since that time. Thus, the principal concern with student
participation and achievement is with those who do not plan
careers in mathematics, science, or engineering.

In addition, wide differences persist in achievement and partici-
pation levels among students from different social groups. Women
have traditionally participated less than men in science, and members
of various minority groups (specifically, if not exclusively, Ameri-
can Indians, Black Americans, Mexican Americans and.Puerfo
Rlcans] have participated less and performed less well on stdnd-
ard science and mathematics achievement tests than their white
counterparts. Approximately 20 percentage points scp‘lratcd the
mathematics achievement scores of 17-year-old black and white

students on national assessment tests in both 1973 and 1978. Ap-
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Specific
Contributory
Problems

proximately 15 percentage points separated |17-year-old Hispanics
and whites in both years. Between 1973 and 1978, nine-year-old
black students showed a definite improvement in performance on *
mathematics achievement tests, while the average performance of
nine-year-old white students declined and that of Hispanics re-
mained constant.

Studies and analyses .of conditions in the U.S. educational system—
including both its formal and its informal components—point
to four problems that contribute to declmmg student participa-
tion and achievement levels.

Teachers

Individual teachers have considerable discretion in the selection
of course content and instructional approaches and, therefore,
play a pivotal role in the education of students. Superior teachers
of mathematics, science and technology can motivate students to
do well in their courses and can stimulate students to take more
advanced courses and consider technically or scientifically oriented
careers. Mediocre and poor teachers may dampen the enthusiam
of good students and fail to recognize and stimulate the devel-
opment of potential talents in others. Therefore, the documented
shortage of superior teachers must be considered a prime contrib-
uting cause of decreasing student participation and achievement
in mathematics, science and technology:

There is also a growing shortage of qualified secondary school math-.
ematics and physical science teachers. In 1981, 43 statés (of 45
responding) reported a shortage of mathematics teachers. For
physics teachers, 42 states reported such shortages. In the same
year, 50 percent of the teachers newly employed nationwide to
teach secondary science and mathematics were actually uncerti-
fied to teach those subjects. From 1971 to 1980, student teachers
in science and mathematics decresed in number—threefold in sci-
ence and fourfold in mathematics—and only half of them have
actually entered the teaching profession. In addition, 25 percent
of those currently teaching have stated that they expect to leave
the profession in the near future.

Some of the problems that affect the participation and achieve-
ment of students at all grade levels are:

* Among certified teachers of high school mathematics and sci-
ence, very few have had the formal educational preparation
required to provide students with an understanding of modern
technology.

¢ There are few available opportunities for certified mathematics
and science teachers to update or broaden their skills and
backgrounds. Such training opportunities are essential due to
the rapid advances taking place il mathematics, science and



technology and the need to introduce new types of upper
‘)evel courses for nonspecialists.

There are few inService programs to certify teachers who are
presently not qualified to teach mathematics and science.

® Most teachers in the primary and middle school grades have
not had training in science and mathematics or courses in
methods to teach these subjects.

¢ District-level supervision has been reduced as a result of finan-
cial retrenchment or has been shifted from instructional to
administrative support. As a result, relatively few people are
available outside the classroom to provide quality control or
to assist teachers with pedagogical problems.

Classrooms

Deficiencies in the numbers and qualifications of mathematics
and science teachers are exacerbated by classroom conditions,
including inadequate instructional time, equipment, and facilities.

The time available for adequate instruction in U.S. schools is far
more limited than_in other advanced countries. In the United
States, the typical school year consists of 180 days, as contrasted
with 240 days in Japan. This is further reduced by absenteeism,
which amounts to an average of 20 days per school year. The
typical school day is five hours long, compared with six- or eight-
hour days in other countries. In addition, many periods of varying
length throughout school days and weeks are devoted to -non-
academic pursuits, both reducing the hours available for instruc-
tion and diverting the time and energy of teachers to noninstruc-
tional duties. Problems associated with student discipline and
motivation, which are severe in some schools and affect the
general learning environment, have been well publicized.

Many science courses in schools throughout the country are being
taught without an adequate laboratory component or with no
laboratory at all. In some cases, laboratory apparatus is obsolete,
badly in neced of maintenance, or nonexistent. In other cases, such
apparatus is not used because of a lack of paraprofessionals or
aids to set up and maintain equipment, a condition that has
become increasingly important.due to the greater concern for
safety in the schools,

Curricula

Curriciila in mathematics and in several scientific disciplines were
developed ‘with federal support two or more decades ago to pro-
vide rigorous, modern course work for high school students inter-
ested in careers in mathematics, science and engineering. These
curricula, and several generations of privately-developed successors,
continue to serve their purpose, though many need to be revised.
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Mechanisms must be developed to incorporate effectively into the
curricula changes associated with advances in the disciplines and
evolving contemporary technologies.

Another curricular concern is that upper level high school courscs
based on these curricula are too abstract and theoretical for most
students. In fact, serious doubts exist about whether many of the
commonly offered mathematics, science and technology courses
in the secondary schools are, m their present form, of much value
to students planning careers outside of mathematics, sciene or
engineering. Few courses or widely accepted curricula are avail-
able with the explicit aim of providing such students with ade-
quate preparation in mathematics and science. In addition,
courses associated with modern technology are not available;
most courses, in fact, make little reference to technology at all.

In the lower grades, mathematics courses emphasize basic compu-

‘tational skills rather than interpretation and appllcauon Science

courses at those levels often are empty of content and, generally,
do not build upon the work of previous grades.

Appropriate courses in modern technology are not available. Few
systematic attempts are made to integrate learning in mathematics,
science and technology. As a result, little coherent preparation is
offered for the disciplinary courses (usually earth science and biology)
encountered for the first time in the ninth and tenth grades. This
condition is particularly unfortunate, because a wealth of infor-
mation supports the conclusion that students who dislike mathe-
matics and science courses in the early grades, or who reseive in-
adequate instruction in those grades, are unlikely to participate
effectively in upper level courses.

Instructional Approaches

In general, precollege mathematics, science and technology instruc-
tion has yet to take advantage of the advances in technology and
behavioral science of the past 20 years. For example, computers
provide an immense opportunity to develop curricula and instruc-
tional approaches that might motivate larger numbers of students
and increase the flexibility of the programs available to them.
Computers and other modern technologies are available in many
U.S. schools, and imaginative uses are made of these instructional
aids in individual classrooms. However, computer software is gen-
erally inadequate, and the full potential of these technologies for
instruction has received little attention.

Considerable progress also is being made in research in math and
science education. The cognitive sciences are providing a wealth
of informatin on the way people learn. For example, knowledge
is now available about the relative degree of abstraction that
students of a particular age can be expected to grasp. However,
such information has yet to be systematically applicd either in the
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Public
Perceptions and

Priorities

development of mathematics, science, and technology curricula,
or in the training of teachers of these subjeets.

Finally, there is evidence that many students who have an interest

in mathematics, science, and technology are not being reached

through-instructional approaches currently used in the classroom.
Whereas many students do not like school science—and form this
opinion by the end of third grade—many do like the science and
technology that they sec on television. They also like what they
encounter at science and technology museums, planetariums,
nature centers, and national parks. Many of these institutions
facilitate science and technology education with their own after-
school, weekend, and vacation classes. In addition, niany school
classes make field trips to such institutions. Because these pro-
grams are apparently more appealing than school science offer-
ings, the innovative instructional approaches used in them should
be examined and, where possible, applied to the classroom setting.

Largely, public schools reflect, rather than determine, public per-
ceptions and priorities. The condition of mathematics, science
and technology education reveals an apparent misperception by
the public that adequate course work need only be provided to
students'preparing for college-level study in these ficlds and that
these courses are unnecessary for other students. This is consis-
tent with the broader perception that excellence in science and
technology is vitally important to the Nation but that it can and
should be left to the experts. Thus, its pursuit has little to do with
the day-to-day concerns of most pecople—except when major
news events such as a nuclear reactor accident or a space shuttle
launch intrude. This misperception about the mathematies, sci-
ence and technology training needed by students in our schools is
tragic for our socicty as a whole.

Yet, a reasonable fraction of the adult public is interested in
science and technology. This is evident from the recent popularity
of science magazines for sonspecialists, quality television and
radio programs (particularly in the puklic media), and seience and
technology museums. Although a large fraction of the public
enjoys science and technology, it appears that many eonsider
school mathematics, science, and technology as isolated from
the real.world and not sssential for most students.

That misperception is part of a public view that the aims, sub-
stance, and quality of public education do not reflect the consid-
erable economic, social, and cultural changes that have occurred
in this country since the lute 1960's. Today, an increusing per-
centage of the work force is concerned with the retrieval, processing,
and transmission of information. Yet, public school mathematics
and science courses-are, at best, only peripherally concerned and
preparing students to work and live in a soeiety that coneentrates
on such tasks.
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Apparently, no consensusxmls been reached that the future pros-
perity and international position of the United States depend
critically upon broader public attainment in mathematics, science,
and technology. In addition, there is no consensus that high quality
mathematics, science, and technology education is a matter of
national concern, transcending state and local interests and
responsibility. Mathematics and science requirements both for
high school graduation and for college entry have generally
declined over the past 15 years. Although there are some encour-
aging signs that this trend is reversing, only about one-third of the
Nation’s 16,000 school districts require more than one year of
high schooi mathematics and one year of science for graduation.

The absence of a national consensus on the importance of mathe-
tnatics, science, and technology education for all citizens may be
the central cause of the critical problem facing our educational
sy5:cins. A broad national effort is essential. The National Science
Board Comniission on Precollege Education in Mathematics, Sci-
ence and Technology has been established to address this condi-
tion. The Commission will define, over the next year, a national
agenda that should provide an action plan for all sectors of
society to use in the achievement of the three important educa-
tional goals outlined in the introduction to this report.

The data appearing in this report have been drawn from the
sources that follow. Specific citations and additional references
may be obtained on request from the office of the National Sci-
ence Board Commission on Precollege Education in Mathe-
matics, Science and Technology.

I. National Science Foundation and Department of Educa\tion.
Science and Engineering Education for the 1980's and Beyond.
Washington, D.C.. U.S. Government Printing Office, October
1980, primarily Chapter V.

N

National Science Foundation. Science and Engineering Edu-
cation: Data and Information 1982, A Report to the National
Science Board Commission on Precollege Education in Mathe-
matics, Science and Technology (NSF 82-30).

3. Papers presented at the National Academy of Sciences’ Con-
vocation on Precollege Education in Mathematics and Sci-
ence, particularly Paul DeHart Hurd, “State of Precollege
Educationin Mathematicsand Science,” (May 12-13,1982).
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Donald S. Fredrickson, Scholar-in-Residence, Institute, Tuskegee, Alabama
National Academy of Sciences, Washing-* : . .
ton. D.C y & Joseph E. Rowe, Senior Vice President for

Research and Dcvelopment,yuld, Inc.,

Patricia Albjerg Graham, Dean, Graduate Rolling Meadows, Illinois

Schoal of Education, Harvard University, Cecily Cannan Selby, Chairman, Board of
Cambridge, Massachusetts Advisors, The North Carolina School of
X Science and Mathematics, Durham. North

Robert E. Larson, President, Systems Con- Carolina

trol, Inc., Palo Alto, California
i Herbert A. Simon, Professor of Computer

Gerald D. Laubach, President, Pfizer, Ine., Science and Psychology, Carnegic-Mellon
New York, New York University. Pittsburgh, Pennsylvania

Additional Information on NSB Commission

The Executive Director of the NSB Commission is Dr. Richard S. Nicholson.
Commission offices are located at 1800 G Street, N.W., Washington, D.C. 20550.
The telephone number is 202/357-7700.
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