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their education programs at a college or university, there would 
be no decline in enrollments in higher education. However, the 
pressure for further education has basically gone around colleges 
and universities; we have now bui 1t a 11 Second system 11 of post
secondary education in the U.S . whose total investment per year 
is about what is invested in colleges and un iversities put 
together--about $50 billion. 

Colleges and universities have benefited from the rapid 
growth of continuing education programs, both credit and non
credit, now prescribed in many states for professional develop
ment in many fields. In that adults have families and jobs, the 
norma 1 1 ogi s tics of college courses have been altered--weekend 
colleges, evening courses, degree programs that require one 
Friday through Sunday pack age each month, etc. Whether or not 
content has been altered to meet the needs of the adult learner 
1s not as easily addressed. In many cases, instruction is car
ried on as if the adults were normal post-pubescent adolescents, 
while the average age in the class may be 40, and the level of 
sophi sticat ion very high. It seems that whatever el se the Baby 
Boom group did, it represents a very solid corrmitment to further 
education, but not necessarily a commitment to colleges and uni
versities as the institutions whereby this new form of education 
may occur. 

The Baby Boom has turned out to be a very innovative group, 
in terms of how they got into the job market, the pat terns of 
1 i vi ng together they have pioneered, and the myriad of routes 
through which they learn. As a result of their persistence, the 
market for postsecondary education has become very disaggregated-
there are a great many organizations that are providing education
al services to adults, and because there are so many young adults 
(35 to 44), the diversification can be even greater. Because of 
the size of the Baby Boom, and because of their interest in learn
ing rather than having all learning occur in one place, the fur
ther reduction in the influence of colleges and universities on 
this new 11 growth industry 11 s eems certain. Five corporate educa
tion programs now offer their own degrees, and more are sure to 
follow. If higher education institutions want to become more 
active in the adult education area, they will have to modify their 
existing practices considerably . In addition, they have to keep 
watching the demography--if new adu 1t programs are made ready by 
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1990, they may begin to catch the dec l ine of the young adult popu 
lation as the mouse passes on through the snake. 

Certain ly, the adult Baby Boomers have entered colleges and 
universities, but their participation has not been even by insti 
tutional type. Comrrunity colleges (which now have about half of 
all college and university enrollments) have clearly gone out of 
their way to meet the educational needs of adults, while presti 
gious liberal arts colleges, basically residential in nature, have 
not added 1 arge nurrbers of adu 1 ts to their undergraduate student 
body. In most comrrunity colleges today, the average age of the 
students is 36 and clirrbing. More and more graduate degree pro
grams are being tailored to the needs of adults, but these efforts 
seem to be more concerned with logistics and cosmetics than with 
the presentat i on and complexity of the content . 

In 1950, the typical American family unit cons i sted of a work 
i ng fat her, a housewife mother, and t wo or more school-age chi 1-
dren. That pattern, which fit over 65 percent of the hou seholds 
in America in 1950, fits about 17 percent today. We are still 
overwhelmingly a nation of married people, but the stay-at- home 
wife and the two or more school - age children are no longer with 
us. As the birth rates increase in this decade, the nurrber of 
working women will also increase, thus drastically increasing the 
need for day care facilities in the U. S. Multiple-earner families 
have become the dominant mode in America, producing a generation 
of " latchkey" children who are basically unattended by their fami 
lies from the time they let themselves into the house with their 
own key in the afternoon u nt i 1 parents return from work in the 
evening. 

The nurrte r of chi ldr en reared in sing l e-parent families has 
risen in spectacular fas hion in the last decade. In 1980, the 
Census reported that of those children being born in 1980, 48 per
cent of them would basically be raised by a single parent. This 
is part i cu 1 ar ly important because of the new research t hat has 
established that children from single-parent families have a great 
deal of difficulty learning in schools--they are far more often 
discipline problems than are children with two parents living at 
home, and their level of school achievement is considerably lower 
than two- parent children . Thus, there is good reason to be 1 i eve 
that a large segment of the current early elementary school class 
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of the 1980 1 swill be unable or unwilling to consider college when 
they are 18. 

Although the Sun Belt still has a strong appeal as a place to 
move to, there are underlying signs of pathology in those areas 
which will alter the dynamics of higher education quite considera
bly. There is a new kind of poverty in the Sun Belt-- in Phoenix, 
the poverty area is almost 15 square miles. This happened because 
of the city 1 s solution to the prob 1 em of increas i ng numbers of 
residents--don 1 t increase the density of people per mi le, ju s t 
move the city limits out. As a result, there is a large area in 
the core of the city in which there are a lmost no servi ces, no 
infrastructure, yet a large number of the city 1 S poor live there. 
Houston is another city which has chosen to mortgage its future by 
not plowing current revenues back into the city in the form of 
improved infrastructure--better freeways, mass transportation, 
social services, etc. It may be that in many of the most rapidly 
expanding Sun Belt cities, in which the number of college-e l igible 
youth wi 11 increase in the near future, there wi 11 have to be 
generated massive new sources of revenue for student financial 
assistance. 

In addition to the major expansion of the 35 to 44 year old 
group at present, we are also encountering a rapid growth of t he 
number of those over 65, of whom there will be 30 million by 1990. 
Those over 75 will also begin to increase dramat i ca l ly-- 12 
million by 1990. We have given little sustained attention to the 
educational needs of this rapidly increasing group (and remember 
that the Baby Boom arrives at this place in the snake by about the 
year 2000). As we think through educational initiatives for th i s 
age level, we might ponder whether or not a U.S. citizen, retired 
and living on a pension, has any rights to student financial 
assistance if he/she wishes to take courses or enroll for a 
degree. The normal arguments for investing in human resource 
development (access to the world of work, increasing productivity, 
etc.) do not apply, yet the person 1 S educational needs may be very 
real and important. We also know that our elderly population wil l 
continue to improve in general health and vitality and will want 
to play a significant role in American life. Their numbers will 
be formidable in a political sense, and they vote i n very large 
numbers. Education may well become one of the major i s sue s on 
their agenda in the next two decades. 



Summary 
and 

Conclusions 

14-------------------------------

A nunt>er of trends have been mentioned in this paper which 
will have important implications for higher education. These 
include: 

1 During the decade, the U.S. overall population will show 
modest growth (242 million people by the year 1990), 
while the nunt>er of youth under age 20 will fall below 
30 percent of the populat ion for the first time in our 
history. 

1 At the ta i 1 end of this 1 ong dec 1 i ne, we can see that 
n at i on a 1 b i r t h rat e s are u p s i n c e ab ou t 19 7 9 , prod u c -
ing an "echo" to the Baby Boom. 

1 Colleges and universities need to prepare for a general 
decline in high school graduates until 1998. However, 
Sun Belt and Frost Belt situations are in conflict, with 
increases in high school graduates coming early to Sun 
Belt states, and rruch later to the Frost Belt. Regional 
differences will continue to increase. 

1 A much higher percentage of the diminished youth cohort 
of the decade wi 11 be from minor ity backgrounds, from 
single-parent families, multiple earner families, and 
others who may have a difficult time getting prepared 
for college. 

1 A whol e new array of service providers--industry, the 
military, government, and voluntary agencies--is educat
ing three out of four adults being educated in the U.S., 
while colleges and universiti es are educating about one 
in four. 

1 A rapid expansion in the nunt>ers of those over 65 may 
force us to develop a stance regarding t heir educational 
rights (both access and assistance). 

1 Women and Blacks have moved rapidly into better access 
to higher education, while Hispanics will show the most 
growth in the 1980's. 

• A spectacular increase in the 35 to 44 year old age group 
will mark the economic developments of the 1980's, and 
gives cautious optimism for slow but consistent economic 
growth over the decade. 
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Because of intensifying differences in the U.S . by region, 
one can expect that far more educational decision-making will 
take place at the state and regional levels during the next 
decade or perhaps two. Those colleges and universities that have 
trimmed their sails during the 1970's through better management 
of human, fiscal and physical resources should be in a good posi
tion to survive with significance in the 1980s if they are realis
tic about the nature of the student cohorts thatwill be available 
to them. The more specific the "feeder" system, the better for 
the institution. (With the current high Mormon birthrate, Brigham 
Young University has no worries about having enough students . ) 
The most vulnerable institutions will be liberal arts colleges and 
small universities that have relied on attracting a white, middle
class, suburban student body--there will simply not be enough of 
these students to go around. Increasing supplies of minority stu
dents and those in the 35 to 44 age range form two useful markets 
for institutions of higher education. In addition, collaboration 
with industry, the military, and other users of educational servi
ces can bring new programs to hig her education. And the needs for 
new kinds of educational services among the over-65 age group 
s hould provide some stimulating new challenges in curriculum and 
faculty development for some institutions. 

Many institutions that hired faculty in a small "age lump" 
during the sixties will find this same "age lump" retiring in a 
very short time frame. Some institutions wi 11 lose 50 percent of 
their faculty in a single five-year period. Early retirements and 
buy-outs may level this trend off somewhat. Maintaining good 
faculty morale during the 1980's will be difficult, but better 
management techniques should make it possible. 

The 50 most selective institutions in the country will not 
need to worry about their selectivity--it may even increase in 
some institutions. But the ability of admitted students to pay 
their tuition bi lls may constitute a new worry for these and a l l 
other i nstitutions. (Wesleyan was perhaps just being more honest 
than some when it admitted that ability to pay will be a factor 
in the admissions decisions of that institution.) 

During the 1970's, it was easy for higher education institu
tions to ignore the growing needs of adults--as a result , new 
programs were developed that flowed around col leges and universi
ties. During the 1980's, it will be impossible for higher educa-
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tion to ignore the declines in their 11 normal 11 18 to 24 year old 
age group. But given the increasing variation in the various 
regions of the U.S., the problem of getting higher education 1 s 
11 act together 11 for the Congress and the Executive Branch will be 
a formidable problem for the end of the decade. Alice and the 
looking glass may be an accurate metaphor for the condition of 
higher education. 

Finally, it is hoped that in times of demographic downturn, 
colleges and universities will not resort to cut-throat techni
ques designed to do each other in. Recruiting practices are 
already undergoing major changes, not all of them healthy. 
Genuine concerns for institutional self-sufficiency should be 
balanced by the idealism that will be needed to serve the edu
cational needs of the students we have, not the students we wish 
we had. 
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About the National Science Board Commission on 
Precollege Education in Mathematics, 

Science and Technology 

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 of 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 dimension. 

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, selection, educa
tion and utilization of the full range of potential talent in science, mathematics and 
engmeenng; 

• 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 8lst 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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11 Today 1 s Probl ems, Tomor row 1 s Crises . .. Th is 
report represents t he Commission1 s assessment of 
the condi t ion of precollege education in 
mathemat ics , science and technology i n thi s 
country. 

The probl ems summarized in our report--if left 
unresolved--will escal at e in t he years ahead. 
Thus , all Americans need t o recognize the broad 
importance of mathematics, science and technology 
in the educat ion of our youth. We hope, 
accordingly , t hat our repor t will receive wide 
dissemination. 

The seriousness of the current si t uati on 
underscores the Commission 1 s resolve t o develop , 
during the remainder of its l ife, an agenda for 
action for all sectors of society • 

Si ncerely, 

(J -J -··_, C!_. ~./ ~ 
Ce;i,1 Cannan Se 1 by J 
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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 commitment and the capacity to achieve three equally 

important goals: 

• to continue to d«.velop and to broaden the pool of students 
who are well prepared and highly motivated for advanced 
careers in mathematics, science and engineering; 

• 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 need-s little explanation, since maintenance of U.S. 
scientific and technological capacity requires superbly educated 
mathematicians, scientists, and engineers. As the total number of 
18-year-olds in the population continues to decrease into the 1990's, 
the percentage of high school graduates entering preprofessional, 
college-level courses in science and engineering must increase 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). 

1 



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

2 

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 and technology. 

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 declines in: 

• science achievement scores of U .S. 17-year-olds as measured 

in three national assessments of 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 

four-year colleges, 25 percent of the mathematics courses are 
remedial; and at community colleges, 42 percent are. 

The proportion and qualifications of high school seniors who will 

major in mathematics, science, and engineering have remained 
roughly constant over the past 15 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 all 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 and study 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 early 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 

latter goals better 20 years ago: the proportion of public high 

school students (grades 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 Puerto 
Ricans) have participated less and performed less well on stand

ard science and mathematics achievement tests than their white 
counterparts. Approximately 20 percentage points separated the 

mathematics achievement scores of 17-year-old black and white 

students on national assessment tests in both 1973 and I 978. Ap-

3 
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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 declining 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 consi9er technically or scientifically oriented 
careers. Mediocre and poor teachers may dampen the enthusiam 
of good students and fai l 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-. 
em a tics and physical science teachers. In 198 1, 43 states (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 in mathematics, science and 

l 
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technology and the need to introduce new types of upper 
level 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 availab le 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 non instruc
tional duties. Problems associated with student discipline and 
motivation, which a re severe in some schools and affect the 
general learning environment, have been well pub licized. 

Many science courses in schools throughout the country are being 
taught without an adequate laboratory component or with no 
laborato ry at all. In some cases, laboratory apparatus is obsolete, 
badly in need 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 

Curricula 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 ca reers 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. 

5 



~.------------------------------------------------------------------------------~ 

6 

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 courses 
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, in their present form, of much value 
to students planning careers outside of mathematics, scien~e 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 emph!is'ize basic compu
tational skills rather than interpretation and application. Science 
courses at those levels often are empty of content and, generally, 
do not build upon the work of pr~vious 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 conc.lusion that students who dislike mathe
matics and science courses in the early grades, or who receive 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 applied 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 subjects. 

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 see 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 a fter
school, weekend, and vacation classes. In addition, many 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 fields 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 N ation but that it can and 
should be left to the experts. Thus, its pursuit has lit tle to do with 
the day-to-day concerns of most people-except when major 
news events such as a nuclear reactor accident or a space shuttle 
launch intrude. This misperception about the mathematics, sci
ence and technology training needed by students in our schools is 
tragic for our society as a whole. 

Yet, a reasonable fraction of the adult public is in terested in 
science and technology. This is evident from the recent popularity 
of science magazines for nonspecialists, quality television and 
radio programs (pa rticularly in the public media), and science and 
technology museums. Although a large fraction of the public 
enjoys science and technology, it appea rs that many consider 
school mathematics, science, and technology as isolated fro m 
the real world and not essential for most students. 

That misperception is pa rt 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 late 1960's. Today, an increasing 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 
prepa ring students to work and live in a society that concentrates 
on such tasks. 
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Apparently, no consensus has 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 school mathematics and one year of science for graduation. 

The absence of a national consensus on the importance of mathe
matics, science, and technology education for all citizens may be 
the central cause of the critical problem facing our educational 
systems. A broad national effort is essential. The National Science 
Board Commission 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. 

l. National Science Foundation and Department of Education. 
Science and Engineering Educati~nfor the 1980's and Beyond. 
Washington, D.C.: U.S. Government Printing Office, October 
1980, primarily Chapter V. 

2. 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 
Education in Mathematics and Science," (May 12-13, 1982) . 
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Bureau of Labor Statistics (BLS) Projections of 1990 
Employment 
(Section II-B) 

The BLS developed its projections for 1990 employment 
of scientists and engineers in a series of steps that linked 
aggregate economic activity to output by industry to em
ployment by occupation. The first step started with as
sumptions covering the expected conditions of economic 
growth and Federal policy goals. In one set of projections, 
it was assumed that the Federal budget deficit would decline 
after 1980, reaching a level near $20 billion in 1990. For 
an alternative projection, BLS assumed that the budget 
would be balanced by 1983 and remain so through 1990. 
The unemployment rate was assumed, for all projections , 
to decline to 4.5 percent in 1990, whereas productivity per 
worker was assumed to rise annually at rates near the 2.6 
percent level achieved between 1955 and 1968. BLS pro
jected the 1990 labor force using the Series II population 
forecasts of the Bureau of the Census. 

An econometric model was used with these assumptions 
to project the aggregate economy and to distribute the Gross 
National Product by category of demand. There are four 
such major categories: personal consumption expenditures, 
gross private domestic investment, net exports, and gov
ernment purchases. Each component of demand was in tum 
broken into purchases made from 160 different industries, 
including, for example, dairy and poultry products , coal, 
and paper products. 

In the next step , purchases from these 160 industries 
were introduced into an input-output model that had been 
adjusted to reflect projected 1990 production processes. 
This model is a large matrix ( 160 by 160) that tells what 
goods and services each industry buys from all other in
dustries to produce its output. For example, the automobile 
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industry purchases inputs from the steel, plastic , glass, rub
ber, electronics, and many other industries. This step gen
erated outputs for each of the 160 industries. 

For the final step linking outputs to employment, a labor 
demand model was used to project productivity, hours, and 
employment at the level of each industry . A matrix that 
distributes employment in each industry by detailed occu
pation was then used to estimate total 1990 employment in 
each of 380 different job categories. Only science and en
gineering occupations are reported here . 

For more information, see BLS Bulletin 2030, Employ
ment Projections for the 1980s. 

National Center for Education Statistics (NCES) 
Projections of Baccalaureate and Master's Degrees in 
Science and Engineering 
(Section II-B) 

The NCES estimated future degrees on the basis of its 
projections of college and university enrollments. The first 
step in the projection process was to calculate the percent
age of the population enrolled in higher education in each 
of several recent years in each of several age groups. These 
percentages were projected into the future for each age 
group. The statistical method used to estimate future en
rollments, exponential smoothing, places more weight on 
recent observations than on earlier ones . 

Bachelor 's and master 's degrees were projected on the 
basis of their past statistical associations, as indicated by 
regression analysis, with undergraduate and graduate en
rollments , respectively . Awards at these two levels were 
distributed among the science and engineering and other 
fields on the basis of past trends and statistical relationships . 

For more information , see Projections of Education Sta
tistics to 1988-89 (in preparation). 
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National Science Foundation (NSF) Projections of the 
Supply and Utilization of Doctoral Scientists and 
Engineers 
(Section II-B) 

Estimates of the 1990 science and engineering Ph.D. 
market were adapted from the publication, Projections of 
Science and Engineering Doctorate Supply and Utilization: 
1982 and 1987 (NSF 79-303), which was prepared in !978. 
It was assumed that the annual changes in Ph.D. supply 
and employment projected for the period 1977-1987 would 
continue through 1990. 

To generate the utilization figures reported in NSF 79-
303. NSF used econometric modeling and trend extrapola
tion to estimate the number of science- and engineering
related positions that may be available by field for docto
rates in 1978. NSF projected the two largest categories of 
science and engineering employment, academia and indus
trial research and development, through the use of demand 
equations that were derived from regression analysis. These 
equations related employment to demand variables such as 
research and development spending and the number of sci
ence and engineering baccalaureates awarded (an index of 
teaching loads) in a year. Other categories of science and 
engineering employment in government, nonprofit organi
zations, and industry (other than research and development) 
were projected through extrapolation of past growth trends. 

To generate estimates of 1987 supply by field, NSF used 
a recursive econometric model that reflects the re lation be
rween the Ph.D. labor market and the number of doctorate 
graduates. In this model, poor employment opportUnities 
in a given year result in lower graduate school entrance and 
completion rates, and hence in fewer graduates in future 
years, whereas better market conditions induce higher rates, 
and hence more future graduates. Projected market condi
tions depend upon the interaction between demand variables 
and the number of new graduates in each field. 

For more information on NSF prediction methods, see 
NSF 79-303. 

Information Base on Pre-College Science and 
Mathematics Education 
(Section V) 

The information base available for the review of science 
and mathematics education in elementary and secondary 
schools is particularly extensive, since NSF recently spon
sored an assessment of the status of the Nation 's elementary 
and secondary school education practices in science, math
ematics , and social science. Three complementary ap
proaches were undertaken-survey, case study, and liter
ature review . This aggregate effort is referred to as the 
Status Study . The results were published in six volumes in 
1978. A seventh volume comprising the Status Study over
view and summary documents of the three interrelated ap
proaches was also published as follows. 

a. Overview and Summaries 
• The Status of Pre-College Science, Mathematics 
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and Social Studies Educational Practices in U.S. 
Schools: An Overview and Summaries of Three 
Studies. 

b. The national survey of teachers, principals, and su
perintendents regarding training, materials, and ed
ucational practice was contracted to Iris Weiss of 
Research Triangle Institute. The survey findings are 
reported in one document. 

• Report of the 1977 National Survey of Science, 
Mathematics, and Social Studies Education. 

c. The case studies covered eleven in-depth investiga
tions of ongoing educational practices. This study 
was contracted to Robert Stake and Jack Easley at 
the University of Illinois, Urbana. The case study 
fmdings are available in a two-volume set. 
• Volume I: Case Studies in Science Education. 

The Case Reports. 

• Volume II: Case Studies in Science Education. 
Design. Overview and General Findings. 

d . The literature review , contracted to Stanley Helge
son, Ohio State University, examined published and 
unpublished documents related to existing needs 
statements in science , mathematics, and social stud
ies. The results of this review are being published 
in three volumes: 

• Volume I: The Status of Pre-college Science, 
Mathematics and Social Science Education: 
1955-1975. Science Education. 

• Volume II: The Status of Pre-College Science , 
Mathematics and Social Science Education: 
1955-1975. Mathematics Education. 

• Volume III: The Status of Pre-College Science , 
Mathematics and Social Science Education: 
1955-1975. Social Science Education . 

To help make the nearly 2,000 pages of materials in these 
seven volumes more accessible and useful for different au
diences and for policymakers, NSF invited nine organiza
tions to analyze the studies independently and write reports. 
These nine reports are not only descriptive, they are also 
normative. Each organization was asked to extract from its 
analysis the major needs in science education from the point 
of view of its membership. Thus, collectively , the reports 
give an idea of what problems and issues are thought to be 
most important, what the system 's strengths and weak
nesses are believed to be , and what the most important 
strategies for improvement might be . Although the formats 
for each report differ, they all contain , either explicitly or 
implicitly , a set of recommendations for the improvement 
of science education. These nine reports have been pub
lished in a single volume (available July 1980) under the 
title: 

• What are the Needs of Precollege Science, Mathe
matics and Social Science Education? Views from 
the Field. 



All of this material was available to most of the persons 

who contributed to or were involved in this review. This 
great wealth of information does not lead immediately and 
directly to an inevitable set of conclusions as multiple inter
pretations are always possible especially when normative 
factors are brought to bear. Nevertheless , the content of 
Section V of this review represents a reasonable consensus 
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of the views expressed in the light of the available infor
mation. 

In addition to these sources, NSF has recently issued the 
Science Education Databook, which is a compendium of 
quantitative information portraying science education in the 
United States. It contains information collected from a wide 
variety of sources that are described in an annotated bibli
ography. 



+ 5 ew·'*"'* ,..... 

Appendix B-International Comparisons in Science and Engineering Education 

There has been some concern about the relative trends 
in the production of scientists and engineers in the U.S . as 
compared with other highly industrialized countries. This 
concern centers on the important question of whether the 
U.S. faces a reduced ability , relative to other countries, to 
generate and incorporate technological change in its pro
duction and utilization of goods and services. 

Comparisons between the U.S. and our international 
competitors suggest that our eminence in basic research is 
secure (Section II-0). 1 However, our ability to apply tech
nology to our military and industrial pursuits may well be 
hampered by the relatively low level of scientific and math
ematical competence of our nonscientists and, in some re
spects, by the apparent cooling of science interest among 
our students generally. For example: 

• There is anecdotal evidence from U.S. industry that 
in some highly technical areas the time required to 
produce a product has increased as workers ' base 
level of understanding of science and mathematics 
has decreased over the past decade . 2 

• The U.S. military complains that it is more and more 
difficult to find officers and NCOs who are qualified 
to be trained to operate the increasingly sophisticated 
military hardware. 3 

The body of this review notes some anxiety about two 
subject matter areas: engineering and the computer profes
sions. While the U.S. has current shortages and future 
shortfalls in these areas, the Soviet Union, Germany, and 
Japan are producing much larger proportions of engineers 
and applied scientists than we are. 4 At the same time. these 
countries are educating a substantial majority of their sec
ondary school population to a point of considerable scien
tific and mathematical literacy. in part because they appar
ently believe that such literacy is important to their relative 
international positions. For example: 
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• The recent Commi~tee of Inquiry into the Engineering 
Profession in Great Britain (the • 'Finniston Report' ')5 

laid the decline in the ability of Britain to compete 
in international trade squarely on the lack of vigor of 
the engineering profession and recommended, among 
many other things, that ..... all pupils should be 
strongly encouraged to maintain the study of math
ematics and physics at least until after ·o · level 
•.. " 6 (national competence exams given at the end 
of secondary schooling). 

• As a part of its analysis of engineering in other coun
tries, the Finniston Report stated that · · .. . the level 
of education of the average Japanese worker is mark
edly higher than that of his U.K . counterpart: this 
applies at all levels of the fum, especially on the 
shop floor .... The strength of Japanese engineering 
is in our view partly due to the standard of education 
of those involved in the engineering dimension at 
working level. " 7 Though the difference in the level 
of worker education between Japan and the U.S. is 
not as broad, there is concern that the same general 
conclusion may be warranted. 

• Regarding Germany , the Finniston Report notes that 
from secondary school "A student specialising in 
classics or modem languages ... can cope with an 
engineering degree course because he will have kept 
up his mathematics and science throughout his period 
at school. " 8 In other words. even a student who ma
jors in modem languages in secondary school learns 
enough science and mathematics to be able to attend 
engineering school and compete with others who 
have majored in science . 

• In the Soviet Union. there are national elementary 
and secondary curricula in science and mathematics 
which , in content and scope, surpass that of any other 
country .9 



The import of the last three points is that in Japan, Ger
many, and the U.S.S.R., national policy promotes the com
prehensive science and mathematics education of far greater 
numbers of people than are expected to engage in scientific 
and engineering pursuits . In the Soviet Union and Japan, 
especially, managerial positions in both government and 
industry are heavily populated by people with engineering 
degrees .10 

Over the past 15 years or so, while British training of 
engineers fell behind so drastically that a comprehensive 
inquiry was commissioned by the government, 11 while Ger
many and Japan continued to stress science and mathemat
ics for all their secondary students, and while U.S . sec
ondary students not intending to major in science or 
engineering were choosing to take fewer science and math
ematics courses. those countries' share of world trade in 
manufactured items (excluding food and fuel) changed as 
follows: 12 

United Kingdom . ...... 
W. Gennany .........• 
Japan .............. 
United States ... . ...... 

Engineenng 
GraduaJt!S 

As A Proportion 
of 

Share of World Tradt! Relevant Age 

1963 

15% 
20% 
8% 

21% 

1977 

9% 
21% 
15% 
16% 

Group 
( 1977-78) 

1.7% 
2.3% 
4.2% 
1.6% 

Between the same years (1963-1977) productivity in
creased in the manufacturing industries of the United King
dom, West Germany, Japan. and the U.S. (using 1963 as 
the base year) by 51 percent, ll4 percent, 197 percent, and 
39 percent, respectively. 13 

In considering cross-national comparisons of training in 
science and engineering one must be cautious, because ed
ucational systems are not parallel and often are quite dis
similar. For example, the group labeled "engineers" in one 
country may include an unknown number of those termed 
" technicians " in the U.S. Nevertheless, some of the dif
ferences in outcome are dramatic . 

In Japan , for instance, the number of degrees granted to 
engineers in recent years has surpassed the number granted 
in those same years in the U.S., though its base population 
is roughly one-half of ours. 14 In Japan , 20 percent of all 
baccalaureate and about 40 percent of all master's degrees 
are granted to engineers, 1 ~ and these figures have been 
nearly stable for the past I 0 years. 16 This compares with 
a figure of about five percent at each degree level in the 
U.S Y Japanese education officials point out that students 
view the engineering degree as a ·'ticket ·' to business and 
social success in much the same way as the liberal arts 
degree (and now the M.B.A. degree) was viewed in the 
U.S. two generations ago. 

It is reported that only about 50 percent of the engineers 

produced each year in Japan enter the engineering profes
sion. The others become civil servants and managers in 
industry . Around one-half of the senior civil service hold 
degrees in engineering or related subjects, and one-half of 
those are at the postgraduate level. In industry, about 50 
percent of all directors have engineering qualifications. 18 

The large number of Japanese students who enter sci
entific fields (65 percent of baccalaureate degrees 19 vs. 30 
percent in the U.S.) is made possible by a secondary edu
cational system which has a heavy emphasis on science and 
mathematics . There is a national guideline for lower sec
ondary education (grades 7-9) which calls for about 25 
percent of the classroom time to be mathematics and science 
courses, and virtually all students are thus exposed. 20 In 
secondary school, nearly all of the college-bound students 
(roughly one-third of the total) take three natural science 
courses (physics, chemistry, biology, or earth science) and 
four mathematics courses (algebra, geometry, calculus, or 
statistics) during their three-year high school career. 21 

There has been significant effort in recent years to revise 
and update the high school science teaching in Japan , and 
it is now heavily influenced by the U.S. Physical Science 
Study Committee (PSSC) and the Biological Science Cur
riculum Study (BSCS) materials. Chemistry has been up
graded by a committee on chemical education set up by the 
Chemical Society of Japan.22 

Mathematics instruction has a more rapid pace in Japan 
than in the U.S., and a much higher proportion of students 
take the more advanced courses. Geometry is taught in the 
7th, 8th, and 9th grades. Trigonometry is also studied in 
the 9th grade. Calculus, probability, and statistics are of
fered in high school. 23 

The overall quality of this instruction appears to be high. 
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The International Project for the Evaluation of Education 
Achievement ranked Japanese 13-year-olds highest in 
mathematical achievement among 12 countries including 
the U.S . and several European countries. Japanese students 
were also the most positive in their liking for mathemat
ics.24 

In Germany. the general preparation is similar. There is 
a standard curriculum for all students through the lOth 
grade, and the only variation is in specialized science-ori
ented schools where each subject is studied more inten
sively . 2~ 

Science begins in the 3rd grade with biology one to two 
hours a week, in the 5th grade, chemistry and physics are 
begun (as laboratory courses). All three sciences are taught 
two to three hours a week in that grade, and geometry is 
introduced . The study of algebra begins in the 7th grade. 
As students progress through the grades, the amount of 
contact with science and mathematics increases. 26 

At the end of I Oth grade, all students who have an av
erage of about B or B + (this varies a little by state) may 
continue to upper secondary schooling-grades J I to 13. 
Those whose grades are lower attend vocational school and 
begin apprenticeships in a variety of pursuits. The students 
who attend upper secondary school (currently about 28 per-



cent of the lOth grade population, up from only six percent 
ten years ago) declare three major and five minor interests, 
one of each of which must be a science (which is pursued 
five hours a week as a major and two to three hours as a 
minor). Mathematics at the 11th grade level includes al
gebraic functions and differential calculus . By the end of 
the 13th grade, srudents have srudied integral calculus, sta
tistics and probability, and vector analysis. At this level , 
too, those with special interest in science take more inten
sive courses. 27 

About 75 percent of the upper secondary graduates go 
on to universities , and roughly one-third of those pursue a 
science, engineering, or mathematics degree .28 

Thus, the overall picrure in Germany is one of a very 
high level of science and mathematics literacy among col
lege graduates as well as a strong science/mathematics un
derstanding among the general population. This provides 
them with the basic tools to continue their education (Ger
man law guarantees that all people are entitled to a free 
education to as high a level as they desire) at a later point 
in their careers , as many choose to do . 

The siruation in the Soviet Union is less clear. The coun
try has achieved virrually universal education through about 
the first ten years of schooling. Most of those srudents 
(about 60 percent) go on to complete General Secondary 
School29-grades 9 to 10 (or !I)-and are exposed to a 
mathematics and science curriculum which, according to 
one observer, surpasses that of any other country including 
the U.S. 30 Algebra and geometry are taught in the 6th and 
7th grades, advanced algebra and trigonometry are taught 
in grades 8 to l 0, and calculus, which a total of about 
500,000 Americans take during their last year in high 
school or their first in college, is a part of the high school 
curriculum for over 5 ,000,000 Soviet students. In addition , 
all youngsters are required to complete five years of phys
ics, four of chemistry (including a year of organic chem
istry), and up to four of biology depending on whether they 
attend specialized (i.e . , vocational) or general secondary 
schools .31 While srudents in specializ~d secondary schools 
(about 12 percent of 8th grade graduates) are exposed to 
less science except in specialty fields related to engineering 
technology, the avowed goal of Soviet educational policy 
is to ensure that the furure labor force will facilitate the 
transformation of the economy to a scientific-technical base 
and to supply more technologically oriented people to fill 
the military ranks . 32 

About five times as many (with a population base about 
1'12 times ours) Soviet srudents as American students go 
on to engineering training .33 In the Soviet Union engineer
ing is considered to be the standard liberal arts education. 
Moreover, it has been pointed out that though training is 
variable, at the better instirutions the first Soviet degree in 
engineering represents a content level closer to our master's 
than to our bachelor's degree .34 In other sciences, the Soviet 
Union produces fewer chemists and biologists than we do, 
about the same number of physicists/mathematicians , and 
a few more environmental scientists. 35 
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This picrure of engineering , mathematics, and science 
education in the Soviet Union is not complete; there are 
some major problems. Secondary school curriculum changes 
mandated a decade ago have been implemented slowly and 
have not spread throughout the educational system. The 
secondary science courses have little laboratory work as
sociated with them and are generally learned by rote . Rural 
schools tend to be poor. At the university level , science 
and engineering education is very narrow-gauge; i.e . , sru
dents specialize sharply at a very early point. The sizable 
non-Russian-speaking minorities in the country are at a dis
advantage because the best university instruction in science 
and engineering is in Russian .36 

There is little specific data, but informed U.S . opinion 
is that there is widespread underemployment of the science 
and engineering work force in the Soviet Union . New grad
uates generally begin at the lowest rungs of the production 
ladder and work their way up slowly . Perhaps more im
portant, fungibility and mobility in the fields of science and 
engineering are very low compared with the United States. 
A member of the Soviet science and engineering work force 
is trained almost for a specific job and usually remains with 
a particular institution for a whole careerY This results in 
a system that , in the opinion of some, is very slow to rise 
to new specialities and has a reduced ability to innovate. 

Though the problem areas in the education and employ
ment of Soviet scientists and engineers appear to be many , 
their potential capacity to compete internationally should 
no t be underrated . There are many signs that the ineffi
ciencies are being recognized and the Soviets' general ac
ceptance of the legitimacy of science and engineering pur
suits provides a context in which quality may well improve 
very rapidly. 

For all of these countries, it is difficult to separate the 
effects of government policy , market factors, and social 
pressures . What is clear is that in each case there is a strong 
national commitment to quality science and mathematics 
instruction as an essential part of the pre-college educational 
process . The result iS a work force which, at all levels , has 
a relatively high degree of science and mathematics skill. 
and this has been a factor in the very rapid expansion of 
technical industries. 
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Appendix C-Minorities, Women, and the Physically Handicapped 
in Science and Engineering 

Equality of opportunity is a keystone of Federal educa
tional policy. Although the problems facing minorities, 
women, and the physically handicapped in science and en
gineering education are in many respects different, the com
mon thread that ties them together is that of overcoming 
barriers to equality of opportunity. 

In each case the Federal Government plays an important 
role in moving toward the objective of equality of oppor
tunity. The role is expressed through court decisions (e.g., 
Brown vs. Board of Education), public Jaws (e.g., P.L. 94-
142. the Education of All Handicapped Children Act), grant 
and fellowship programs (such as the Graduate and Profes
sional Opportunities Program, which particularly supports 
women and minorities studying science and engineering), 
Federally funded public television programs (e.g., 3-2-1 
Contact, a science series for 8- to 12-year-olds emphasizing 
opportunities for minorities and women in science and tech
nology), and through a variety of other means as well. 

Status of Minorities in Science and Engineering 

I. Education and Employment 
Although racial minority groups made up over 22 percent 

of the U.S. population in 1976, they accounted for only 
about four percent of all scientists and engineers. 1 Even 
that figure does not truly reflect the situation because the 
various groups differ from one another in their participation 
in science and engineering and one subgroup, the Asian
Americans, is overrepresented (in terms of its proportion 
in the total population) in engineering and all science areas 
except psychology and social science. 

Table I shows that ethnic and racial minority groups, 
except for the Asian-Americans, are severely underrepre
sented in engineering and in all the sciences. Blacks earn 
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degrees somewhat more often in psychology and social sci
ence and Jess often in the physical sciences and engineering. 
Hispanics tend to Jag in all the fields about equally, though, 
again, there is some favoring of the less mathematically 
based pursuits. There are so few Native Americans who 
receive degrees in some fields that the proportions are very 
unstable (e.g., three Ph.D.'s in engineering, one in com
puter science, 15 M.S . degrees in biological science, etc.), 
but there does not appear to be any particular field to which 
they gravitate. 

There is some indication that over the past few years the 
proportion of minority students in science and engineering 
(and in higher education in general-see the National Re
port series published by the Admissions Testing Program 
of the College Board) has been increasing. In engineering. 
for example. Black, Hispanic, and Native American en
rollment was 5 . 7 percent of the freshman class in 1973 and 
8. 03 percent in 1977.2 The latter figure is still on I y one
half of the proportion of these groups in the total U.S. 
population. 

Many economic , social, educational. and psychological 
reasons have been advanced to help explain why minority 
students choose science and engineering careers less fre
quently than do White/Anglo students. Whatever the causes, 
the minority underrepresentation in science-oriented pur
suits begins early in the educational process.3 Blacks and 
Hispanics enter college at lower overall rates than Whites. 4 

and Hispanics opt for two-year institutions (where science 
and engineering training is Jess available) at a rate nearly 
double that for White and Black students . .; 

Once started in college . both Black and Hispanic students 
withdraw at slightly higher rates than do White students at 
four-year institutions and at markedly higher rates at two
year institutions. Under all circumstances. the withdrawals 

--
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TABLE 1. 

Minority student representation among degrees granted in Engineering and Science fields. 

Proportion (%) of Degrees Awarded 1975--76 

Physical Biological 
En~tinuring Compuur Science Mathematics Science I 

Science 
Proportion in U.S . Population 1977 BS MS Ph .D . BS 

Black .. . .. . ......... . . ....... 11 .6 2.9 1.3 0.6 5.8 
Hispantc .............. .. . ..... 5.3 1.8 1.4 0.6 1.6 
Native American . . .. .. ... ...... 0 .4 0.3 0.2 0. 1 0.1 
Asian American .. ... . ..... . . . . 1.3 2.1 3.0 4.2 2.2 

Total Degrees Granted (Thousands) 45.6 16.0 2.8 5.6 

Black .. ... ..... . .. ... .... .. ..... . .. ... ....... 
Hispanic . . . ...... . . . . . . . ............. . . .... . .. 
Native American .. . ....... .. ..... . ...... . ...... 
Asian American . . . . . . . . . . . ..... . ...... . . .. . . . 

Total Degrees Granted (Thousands) .. ... . ....... 

SOURCE: Adapl&d from Table V-21: p. 121 Sc1tn<t Educa11o• Da10 Book. NSF. 1980 

are heavily (73 percent-88 percent) for non-academic rea
sons ,6 which suggests that economics plays a significant 
role. 

In terms of persistence toward degrees in science and 
engineering, Table I shows that except for Asian-Ameri
cans, minority groups make up decreasing proportions of 
degree recipients as they progress from B.A. to M.A. to 
Ph.D. levels . 

2. Standardized Test Scores 
Results of the Scholastic Aptitude Tests (SATs) indicate 

large differences between majority scores and scores for the 
Black minority . Data recently released by the Educational 
Testing Service show that during the five-year period from 
1972-73 to 197 fr 77 , Black students scored 119 points 
lower than Whites on the verbal section, and 134 points 
lower than Whites on the mathematics section. 7 

Similar results are found on a variety of other standard
ized tests, including the NAEP mathematics and science 
achievement tests , with Hispanics often scoring, on the av
erage, roughly mid-way between Blacks and Whites. 

Native Americans, possibly because of their small num
bers, are rarely included as an identified subgroup in edu
cational statistics. Their opportunity to participate in sci
ence and engineering pursuits may be even more greatly 
hampered than with the Black and Hispanic minorities be
cause a great many attend rural schools which have very 
poor resources. Moreover, it is difficult to assess the extent 
of many problems because the Bureau of Indian Affairs and 
the Office (now the Department) of Education have used 
different criteria to define who is a ·'Native American " and 
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MS !Ph .D . BS MS Ph.D . BS MS IPh .D . . BS MS Ph.D. 

2.1 I - 4.9 3.1 0.9 2.9 2.4 I 0 .9 ! 4. 1 3. 1 1.3 
0.6 0.4 1.5 1.3 1.3 1.3 1.0 

I 
0.8 1.6 0.8 0.6 

0.3 
I 

0.4 0.3 0.2 0.1 0.3 0.2 0.2 0.3 0.2 0. 1 
2.6 1.6 1.9 2.4 2.3 1.5 2.6 2.5 2.5 
2.5 1 o.2 15.9 3.9 0.9 21.2 5.4 I 3.4 

2.2 I 1.9 
54.2 6.6 3.4 

BS 

6.3 
2.5 
0.4 
1.2 

49.8 
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Psychology Social Science 
MS I Ph .D . BS MS Ph.D. 

I 5.2 

I 
2.4 8.5 5.4 2.6 

2.3 1.5 2.4 1.8 1.0 
0.2 

I 
0.2 0.4 0.2 0 .2 

1. 1 0.8 1. 1 1.2 0.9 
7.8 2.6 126.4 15.9 4.2 

thus have made strikingly different estimates of the total 
number. 

Federal action can help to narrow the gap-notably 
through efforts to eliminate racial discrimination, through 
steps taken to reduce the general disadvantage of minority 
populations (e.g., poverty, malnutrition), and through com
pensatory educational programs (such as Title I and Head 
Start). However, college-bound seniors planning to study 
the sciences generally have high SAT scores. In particular, 
those planning to study physical science and engineering 
have higher scores on the average than those planning study 
in any other field. Since few Blacks and not many more 
Hispanics have had the necessary training to score at these 
high levels, the problem of significantly improving minority 
representation in science and engineering is large and prog
ress is likely to be slow. 

Status of Women in Science and Engineering 

1. Employment 
In 1976 only about nine percent of the science and en

gineering work force were women, with the great majority 
being in science rather than engineering.8 

Although women are still clearly underrepresented in 
these professions , the situation has improved substantially 
during the past decade . A sizeable and growing fraction of 
the most recently trained scientists and engineers in the 
work force are women. Between 1974 and 1976 the number 
of women scientists and engineers increased at a rate nearly 
double that for men (1 5 percent vs . 8 percent). In 1978 , 



women received 24 percent of all master 's degrees granted 
in science and engineering fields and 19 percent of the 
Ph .D.'s, with the numbers heavily weighted toward the 
biological and social sciences. Even in the physical sciences 
and engineering, fields in which women are particularly 
underrepresented, the proportion of the bachelor 's degrees 
earned by women has climbed rapidly since 1970. ~ 

Persistence of women in science and engineering em
ployment is high; education is not ·'wasted '· on women in 
any sense. Given this fact , and the relatively low represen
tation of women in the science and engineering labor force 
despite the rapid progress that has been made, women still 
remain the largest pool of talent available for increasing the 
size and quality of the science and engineering labor force. 

2. Education 
At the high school level, the mean number of years of 

study of mathematics and the physical sciences for college
bound seniors differs somewhat by sex, with males taking 
more of these courses than females. In mathematics the 
difference is about one-third of a year, while in the physical 
sciences it is closer to one-half of a year. 10 The importance 
of this difference is difficult to j udge without further infor
mation. However, better counseling and career information 
for girls in the elementary and secondary schools, as well 
as greater encouragement generally to study mathematics 
and science, would be useful. 

One analyst writing on this subject for the current study 
has suggested that stronger college-entrance requirements 
in mathematics and science for all students would result in 
better preparation for women in particular, because of this 
existing differential in course enrollments . 11 

At the bachelor 's level, the figures show a steady in
crease in the proportion of women in virtually all science 
and engineering fields over the past decade . At the doctoral 
level, women made up 10.4 percent of the science and 
engineering work force in 1977, up from 9.3 percent in 
197 5 and from 8. 5 percent in 1973 . 12 Their representation 
in the various disciplines is significantly different than at 
the bachelor's level. For example, only about 13 percent 
of all doctorates in the mathematical sciences go to 
women-<onsiderably below the 18 percent level for all 
science and engineering doctorates. 

Status of the Physically Handicapped in Science and 
Engineering 

Significant legislation at the national level regarding the 
physically handicapped has emerged in the past few years. 
The Vocational Rehabilitation Act of 1973 is intended to 
do for the handicapped what the Civil Rights Act did for 
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minorities and Title IX did for women. The Education of 
All Handicapped Children Act of 1975 (P.L. 94-142) is 
designed to assure that handicapped children have available 
to them an appropriate free public education. 

The major thrust of these statutes with regard to science 
education is to require mainstreaming of many handicapped 
students-that is, the accommodation of such students in 
regular classrooms as much as possible. This, in tum, re
quires changes in attitudes, correction of architectural bar
riers. better teacher training, and a variety of other changes 
on the part of individuals, institutions, professional socie
ties, and agencies of government. 

Approximately one percent of the population is severely 
physically handicapped: blind, deaf, or significantly or
thopedically limited . While data are not available regarding 
the percentage of scientists and engineers who are severely 
handicapped , it is implausible to assume that it is anywhere 
near one percent of the 2 . 7 million persons in the science 
and engineering work force . Whatever the exact figure , a 
significant number of handicapped scientists and engineers 
do exist and can function very effectively . For example, in 
recent years over 800 disabled scientists have become 
known to the American Association for the Advancement 
of Science 's (AAAS) Project on the Handicapped in Sci
ence . 

Publications of the AAAS Project on the Handicapped 
in Science are recommended for those interested in a fuller 
discussion of the situation facing the handicapped in science 
education. 
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COVER STORY 

Supply can't 
meet demand 
of schools 
77% drop in 
math grads 
made worse 
by shifts to 
higher paying 
careers 

By Richard Whitmire 
USA TODAY 

The report card is the same 
nearty everywhere in the na
tion: There aren't enough math 
teachers to go around. 
Sln~ 1972 the number ot 

secondary matll graduates 
emerging trom college-<rain· 
ing programs llas fallen n per-
cent. and the shortage is lead· 
ing educato~ to ay everything 

from special recruiting bonuses to retraini..ng gym and En· 
gUsh teachers. 

Some e:<a.mples reveal the enormousness ot the problem: 
• For the next five years. estimaies the F1orida Depart· 

ment ot Education. its colleges and universities will graduate 
only 20 math teachers a year - to face an annual need for 
325 in the state's schools. 

• Ot 1.444 Las Angeles teachers who have at least one pe
riod of math daily in grades 7·12. 32 percent have neither a 
collegxate major nor minor in math. 

Please see COVER STORY next page • 
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• Houston is offering yearty bonuses 
beginning at $2.000 to both math and sci· 
ence teachers. ln Oklahoma City, new 
matll teachers rece1ve a S500 bonus. 

• The Kentucky leglslarure passed a 
bill to lend up to 52.500 a year to under· 
graduate math majors who plan to teach 
- and will forgive the debt it they teach 
in Kentucky. In 1981 the state's 23 colleges 
and universities graduated only 50 sec· 
ondary math teachers- but 114 in 1971. 

• And at Issaquah Junior High in sub
urban Seattle. not one of the five tull-tlme 
matll teachers llas a college major or rru· 
nor in the subject - induding the depart· 
ment ch.ainnan. who until this year was 
teaching elementary srudents. 

Pertlaps mast painful is the stopgap so
lution: thousands of unprepared math 
teachers crytng to teadl a subject they 
know little about 

In California:. matll consultant Joe Hoff· 
man says the State Education Depart· 
ment is issuing emergency math creden· 
tials to districts. allowing underquali1ied 
teachers to tul in temporarily. "But we 
suspect they're being badly misused." 

In Issaquah. the human dimensions are 
all too evtdent as teacher Sally Moore 
stands before b.er 27 eighth-graders. SO"Jg
gling to answer questions about the area 
ot trapezoids and parallelograms. She 
hasn't had a math course since high 
school geometry in the early 1950s. 

A former elementary teacher. she is 
teaching math tor the first time- and in 
over her head. "I work all the problems 
the night be!ore cia$." she says, "but oc· 
casionally I get up before class and can't 
do a problem." 

She never had math in college - only 
math-methods. a "how-co" course !or 
teachlng math. And that class was so trau· 
matizlng she needed a tutor and a hypno
tist to overcome her anxiety. 

The national shortage is two-sided. 
Potential math teachers are avoiding 

teaching jobs. Only about 55 percent of 
the college graduates trained as math 
teachers are actually ta1ting teaching jobs. 
says the Naoonal Science Teachers Asso
ciation. And more and more math teach· 
ers are quitting- teachers like 31-year
old Dennis Hobbs. 

With a masters in math education from 
the Universtty of Kentucky, Hobtls was 
teaching calculus and advanced tligo
nomeay in 1981 at Tates Creek Senior 
High outside Lexington. Ky. But his 
S16.700 salary was discouragmg and five 
classes a day were a so-am. so he an
swered an ad tor computer programmers. 
. lie ended. up in_an ~&~~class 

•. l 
the classroom. . the school board treated 
him like a noboC!y. 

"A lot ot ~1eachers are leaving," he 
says. "The one:S \\'ho can. are ge!ting out " 

.-ilinast l'ive times more science and 
math teachers~ teaching in 1981 !or !n· 
dlJSO")' j otls than retired. reports the :-l a· 
tional Science ~ers Association. 

O:lmpoundin&.the problem are teac!ler 
contracts that cin prevent the l1inn.g of 
math teachers who are available. ln Issa· 

. quah. the district-can't hire a new teac.'ler 
as long as a laid-()ff dist:rict teacher is qual· 
ified !or the soot 

ln wa.shingion·. state. there is no math 
certi11cat1on req\lired for junior high. so 
when declining eru'Oilments idled elemen
tary teachers like Sally Moore. they were 
shitted into juniOG ll.igh matll jobs. 

A partlai result Only 15 ot the 37 math 
teachers in the 7 ,20<>-srudent dist:rict have 
either a major or-minor in math. 

Mast dist:ricts ~pe by shitting math-rna· 
jor teachers intl1: more di.tncult calc:Wus 
and t:rigonomeay classes. leavtng lower 
courne:s to non-math teachers. aut consul
tant Hoffman is wary of the solution: 

"We're really concerned that teachers 
who are not well• prepared in math. and 
who do not understand the big picrure of 
math. tend to tr'agment the skills. You 
learn one slcill ta<ally out of context Wlth 
anything else that's learned." 

Issaquah matll department c!lairman 
Ken Ruud expects problems when juruor 
tligh srudents reach acvanced ~ebra: 
"We'll have to spend a lo: :nore orne gomg 
back and revteviing." 

Is all this hUiting the students? Educa
tors say yes and point to de--.J.inmg SAT 
math scores as proof. But t!lat's not the 
best gauge. cautions Stepnen ·;~..:ilioughby. 
president of the :-lauonal Co~.;nc1l oi 
Teachers of Mathemaocs. 2 e :::;ays tlle 
best students snll get the !:est te2chers but 
"the big problem lS in the lower !eve!s. It 
tends co be taught worse and worse." 

To swell the ranks of math and science 
teachers. President Reagan's new budge~ 
proposes Si5 million. part of it :o retraln 
unemployed college graauates .,.ho ma
jored in other fields. But two House bllls 
now in subcomnuttee would spend more: 
one proposes :S300 rrullion. :he second 
S500 million over five y~ 

Other suggestions induce sc!'lolarships 
tor prospective math teacher.; and tax 
credits !or companies allowing employes 
to teach part time in hig.'l schools. Some 
districts report success ...,.,th r~ucaong 
teachers in math and sc:ence. Last sum· 
mer Las Angeles startl:!d ~e~ 20 
teacher.; in math. 

But there Slmply aren't enough ;>n> 
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BACKGROUND 

In the fall of 1981, the House Subcommittee on Civil and Constitutional 

Rights held extensive hearings on school desegregation. During the course of 

the hearings, subcommittee members and staff determined that the most recent 

federal data needed to be examined to learn about progress and problems in 

school desegregation . What direction had the nation been moving during the 

seventies? Subcommittee Chairman Don Edwards directed a series of inquiries 

to the U.S. Department of Education, asking for basic data on the segregation 

of blacks and Hispanics and the kinds of changes that had occurred between 

1968 and 1980, a period which includes all of the controversial urban 

desegregation orders. The Education Department provided this data in the form 

of printouts produced by the DBS Corporation under subcontract to Opportunity 

Systems Inc. in Washington. Chairman Edwards asked the Joint Center for 

Political Studies to exam1ne the data and report to the subcommittee on the 

major implications. This report, prepared by Gary Orfield, professor of 

political science, public policy, and education at the University of Chicago 

under contract to the Joint Center, responds to that request. 

The 1980 national and regional data were first computed for this report 

and are released here for the first time. For some measures, 1970-1980 

comparisons were chosen to permit comparison with data showing changes 1n 

overall population between censuses. 

TdE BASIC TRENDS 

Segregation of black students declined significantly 1n the United States 

between 1968 and 1980. The most substantial changes, however, were l imited to 

the regions that had been segregated by law before 1954--the 11 states of the 

South and the 6 border states. ~ost of this change had been achieved by 1972 , 

and, in fact, the South has recently become slightly more segregated. 



2 

During the seventies, all regions of the country except the Northeast 

reduced black segregation to some degree. The Northeast, by far the nation's 

most segregated region, became more segregated during the decade. The 1980-

1981 school year found almost half of the black students in the Northeast in 

90-100 percent minority schools, while fewer than one quarter of the black 

students in the South were in such schoo ls . 

The 1980 data show millions of children in integrated schools, 

particularly in the South, where segregation had been most severe. But it 

....... -.. ---~-------~,_....,.......,_,.,.._ ... .. ... . ~ ........... ,.,.,... .... ... 
also shows that 63 percent of black students around the cou.~~ry remain in 

--, 

sc~o~js that are predominantly minority and about a third (33 .2 percent) are 

still in intensely segregated schools with 90-100 percent minority enrollment. 

The data strongly suggest that the much greater progress in the southern 

and border states was related to a strong enforcement effort by the federal 

government and the federal courts, which was primarily directed at southern 

segregation. When President Kennedy asked Congress to enact a civil rights 

bill in 1963, 98 percent of black students in the South were 1n all-black 

schools and almost all whites attended all-white schools. Enforcement of the 

1964 Civil Rights Act and a number of major court decisions on southern 

segregation cut the number of southern black students in 99- 100 percent black 

schools to 25 percent by 1968. During the 1968-1972 period, when the 

statistics 1n Tables 1,2, and 11 show the most dramatic changes recorded 

during this period, the Supreme Court made two extremely important decisions, 

in the cases of Alexander v. Holmes and Swann v. Charlotte-Mecklenburg. These 

decisions required that southern districts desegregate immediately and 

authorized the use of busing when it was the only way desegregation could be 

accomplished. These decisions had immediate impacts in hundreds of districts 

and sharp ly decreased segregation of black and white students 1n the South. 
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Neither the executive branch nor the Supreme Court has issued such clear 

directives for desegregation policy tn the No~th and West, and progress tn 

these areas has been much slower. By 1970, the South was the least segregaeed 

region for blacks, and the gap has grown since then. 

The data on Hispanic segregation trends tell a very different story and 

raise very important research and policy questions, There was no progress on 

integrating Latino students in public schools in the seventies. In fact, each 

region of the country has become more segregated for Hispanics as their 

numbers have rapidly grown in American society. Although the Supreme Court 

ruled, in the 1973 Denver case, that Hispanics as well as blacks should be 

desegregated when a school board was ordered to implement a plan, very little 

has been done to implement this policy, and very few cases have been brought 

to court. 

Hispanics increased rapidly, from about a twent_iet;,h._o.f_ the._I?t!Q.lic._ scl)oo 1 ------·----· -- ··-r--~,--· 

students in 1970 to about a twelfth in 1980. As their numbers grew_, so did 

their separation from whites.* During the seventies, the substantial increase 

of Hispanic segregation and the gradual decline of black segregation meant 

that by 1980, the typical Hispanic student attended a school that was more 

segregated than that of the typical black student ( Tables 1-6). The 

consistent trend toward greater segregation of Hispanics and the acceleration ---- -- - ----
of that trend in the late 1970s suggest that the gap could widen. In 1980, 

the typical Hispanic student attended a school in which 35.5 percent of t he ----- ·- - ---- ------- ·- -·- -
children were white; the typical black student, a school that was very --- ·---·-----· -· .. 
slightly more integrated, 36.2 percent white ( Tables 5 and 6) . In 1980, 63 
------- - --------· - -·--- ----- - --- -- -------

*The term "white," as used in this report, should be understood to mean "non
Hispanic white," since Hi spanics can be of any racia l 'Jackg round and many are 
all or ?art white. The term "Anglo" '.Jould be more appropr i ate but is not used 
here because it i s l ittle known outside the Southwest. 



4 

percent of black students and 68 percent of Hispanic students were in schools 

that were predominantly ~inority. Thirty-~hree _pe~cent o ~. ~lacks and 29 

percent of Hispanics were 1n intensely segregated schools, with 90- 100 percent 
·- --- . -·-· -- ...... ·--. - --· ___ .. 

minority children. 

Not only black students but whites as well were far more likely to attend 

substantially integrated schools in the South than in the North. To be sure, 

the North and West had far smaller proportions of black students to integrate 

( 27 percent of students in the South were black; 18 percent in the border 

states; 14 percent in the Northeast; 12 percent in the Xidwest; and 7 percent 

in the West). But even taking these disparities into account, the North and 

West seem to be doing much less to achieve integration. In the South, the 

percentage of white public- school students in schools that were 90-100 percent 

white declined from 71 percent 1n 1968 to 36 percent in 1980. During the same 

period, there was virtually no change in the Northeast and a much smaller 

change in the Midwest (Table 9). Southern white students are growing up in - ·~. - ------ -· . 
schools where minority students are a major presence, but many white children 

in the Northeast and ~idwest are severely isolated from nonwhite children 

( Table 7) . 

BLACK SEGREGATION 

The statistics on black segregation trends contain several important 

messages. Dramatic progress 1s possible. The decisive changes from 1968-1972 

have been consolidated in the southern and border states. But the ~omentum o f 

increasing integration may be lost unless there are new government 

initiatives. This is suggested by the small i ncrease in segregation from 1978 

to 1980 and the smal l increase in the South ( Tables 1, 2, 11 ) . Th i rd, t here 
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are extremely wide regional discrepancies, and the basic problems of black 

segregation have changed almost beyond recognition s~nce the fifti~s and 

sixties. 

The problem of se~reg~on for blacks is basically centered ~n the large -- -... --· - __ __..,_. ··---- - ·-
older industrial states and in large cities that have experienced major racial --- ----.. . .. 
change. The Northeast is the most segregated and has become more segregated ----- -
during the seventies, because black students there are concentrated in large, 

predominantly nonwhite school districts that have never been ordered to 

implement a major desegregation plan, even within the central city. 

State-by-state data show that intense segregation of black students ~s 

now focused in five areas of the United States. In fourteen states and the 

District of Columbia, at least 30 percent of black students are in schools 

that have 90-100 percent minority students. The five areas are: 

Pennsylvania-New Jersey-New York-Connecticut 

Illinois-Missouri-Indiana-Michigan 

Washington, D.C.-Maryland 

Alabama-Mississippi-Louisiana-Texas 

California 

Fourteen other states did have at least 95 percent of their black 

students in schools with at least 40 percent white students. To be sure, most 

of these states had relatively few black students at a l l, but the list does 

include Kentucky and Delaware, which had severe segregat i on unt i l t he 

implementation of metropolitan desegregation in their largest cities, 

Louisville and Wilmington. A number of other states had very modest problems 

of segregation that could be resolved without major changes. 

The most segregated state ~n t he United States f or black students in 1980 

was Illinois. Some 68 percent of Illinois's b lack student s were in schoo l s 
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that we~e 90-100 percent minority. ( In the District of Columbia, which ~s not 

counted as a state, the comparable percentage is 96. ) Illinois is fol l owed by 

New York ( 56 percent), Michigan (51 percent ) , New Jersey ( 50 percent), 

Pennsylvania (49 percent ) , Missouri (44 percent ) , and California ( 41 

percent). All of these industrial states lead all southern states in 

segregation of black students. The most segregated southern states, Louisiana 

and ~ississippi, had 37 percent of their black students in such intensely 

segregated schools in 1980. The typical black student in Alabama was in a 

school with more than twice as high a proportion of white students than his 

counterpart in Illinois. 

Looking at the changes in the composition of the school attended by a 

typical black student by state during the seventies, the data show dramatic 

gains in a few states, little change in others, and significant backward 

movement in a handful. The most striking increases in the white proportion of 

the student body in schools attended by blacks ( in states with at least 5 

percent black students) were in Nebraska (a 33 percent increase ) , Kentucky ( 25 

percent ) , Delaware (22 percent), Wisconsin ( 19 percent ) , Oklahoma ( 16 

percent) , and Ohio ( 15 percent). In all of these states, ma j or court orders 

affected their largest cities. Two had metropolitan merger orders. The only 

states to show a substantial decline in the white representation in schools 

attended by blacks were New York ( -6.2 percent ) and New Jersey ( -6.0 

percent ) . There was a smal l decline i n Connect icut. 

The statistics on segregation o f blacks show t hat the nation took a small 

but i mportant step toward desegre~~~~~ftt~2n in the seventies, and that --·--- -··- -- .,.. _____ --
the southern and po~-~ag~.h~~~oric progress. The Northeast 

~----

has moved against this stream of change, increasing its a l ready i ntense 

segregation and operating the ~ation's ~ost segregated schoo ls. 
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HISPANIC SEGREGATION 

Perhaps the most significant change in public school segregation 1n the 

seventies was the clear and sharp increase of segregation of Hispanics. 

Hispanics are a large and rapidly growing group, which already accounts for 

about a twelfth of U.S. students. Hispanic children are now more likely than 

black children to be in predominantly minority schools, though they are less 

likely to be in schools that are intensely segregated ( 90-100 percent 

minority). An indication of this change is the fact that in 1970, Hispanic 

students in the two least segregated regions of the country--the Midwest and 

the West--experienced the grea test increases in segregation. Hispanic 

students in_~he_Wes~~nd Northeast were far more likely to be in predominantly 

minority schools in 1980 than black students in the South. 

There are a number of possible explanations for the increasing 

segregation. In the first place, as a group that had been a small minority 1n 

a particular area grows and the ethnic composition of the entire local 

population changes, children tend to be in schools with a higher proportion of 

minorities even if there is a good desegregation plan. ~~~qngj~Hispanics ... - -- .... -... ~-... 
tend to choose large metropolitan areas as a place of residence to an -.----- -·. -~---
extraordinary degree--even more so than blacks--and these areas, particularly 
'-------~----- -- --· _____ .. ~,.._-----

:hei:_:_:_t;~~al cities, are exper.ie!l~_;i,ng_r_ee.id _j,~~r.eas_~s. _in their proportion o ~ 

minority children . The 1980 census showed that 84 percent of Hispanics lived 

i n metropolitan areas and 41 percent lived in centra l ci ties of ~etro~oli tan 

areas with more than a mill i on residents. Hispanic families were more than ----·--·· --· 
six times as likely as whites to reside in the central c ities o f t he l argest 

metropolitan areas (over three million). It is likely , as well, that 
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discrimination of the type that helped force blacks into ghettos early in the 

century plays a part in this, as do the problems of language and immigration 

status. 

The long term implications of these trends are unclear. The fact that we 

have another. large, rapidly growing minority that is already by some measures 

more segregated than blacks and the fact that the trend is toward much greater 

segregation suggest the need for a serious examination of an urban society 

where there would be essentially separate systems of schooling not only for 

blacks and whites but also for Latinos. 

As a whole, the West is by far the most important region for Hispanics, 

and what happens to Hispanic students will have a far larger impact on the 

West than on any other region. The West has 44 percent of the nation'~ _ Latino 

students, although it has only 19 percent of the nation's students. Thus, 

almost one fifth of the students in the West's public schools are Hispanic--a 

far larger proportion than in any other region ( Table 10). Outside the West, 

large Hispanic populations are found in Texas and several large metropolitan 

areas (New York, ~iami, Chicago, etc.). As the Hispanic population continues -to grow, particularly in the Southwest, this region may play the role for 

Hispanics that the South played for blacks . Tables 3,4, and 6 show that 

Hispanic students in the West now attend schools in which most children are -----------------..--..... ------- . -. 
.. ~~~llQ.!it,Y_&E,~:_~~U:.~.E.~~:~---s~_!:~ols ;-rit.~. f~w-~on-H~~-pa:"ic _ _:;_~-u~en_ts. 

Already 63.4 percent of Latino pupils in the West are i n predominantly 

minority schools. If Texas were added to the western region, as it should be 

for ana l ysis of Hispanic segregation, the level o f segregation would be 

s ignificantly higher . 

Hispanics are concentrated 1n a smaller number of states than blacks, and 

a good many states have very few Latino students so far and very few signs o f 



segregation. There are 17 states where at least 19 o f every 20 Hispanic 

students are in schools that are 40-100 percent white. 
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The problems of segregation of Hispanic children are most severe 1n four 

states, which have large numbers of Latino chldren in schools that are 90-100 

percent minority. New York State leads the list with 57 percent of its 

Hispanic students in this category, followed by Texas (40 percent ) , New Jersey 

( 35 percent), and Illinois (32 percent ) . In 1980, the typical New York State 

Hispanic student was in a school with only 21 percent white students, the 

typical Texas Latino pupil in a school with 28 percent whites, the typical New 

Jersey child in a school with 26 percent whites, and the typical Illinois 

Latino student in a 36 percent white school . All of these levels of 

segregation worsened during the seventies. The only states to show any 

significant improvement were Wyoming, where an influx of whites drawn by the 

energy boom raised the white proportion and lowered the Hispanic proportion 

statewide, and Colorado, probably because of the Denver desegregation plan. 

IMPLICATIONS 

The school statistics show that, as the United States becomes an 

increasingly multiracial society, racial segregation remains the prevailing 

pattern in most regions with significant minority populations. Progress in 

desegregation for blacks in the South is offset by increasing segregation in 

the North. The large Hispanic population faces increasing educational 

segregation in the West and in states elsewhere with significant Hispanic 

populations. Where progress has been made, the changes appear to be related 

to policies and enforcement efforts by the courts and federal executive 

agencies. Pressure to enforce desegregation has diminished i n recent years, 

and so has progress. There has been no serious effort to provide integration 

for Hispanics, and their segregation is rap idly increasing. 
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A further analysis, examining data from metropolitan areas, would show 

the degree to which the remaining problems of segregation are really problems 

of large metropolitan areas in the large states. If the progress achieved in 

the South is to be emulated in the North and West, clear policies for large 

metropolitan areas where the entire central-city school district and some 

older suburbs have become minority institutions must be resolved. 

A quarter century after the beginning of significant southern 

desegregation with the Little Rock court order, the statistics from the South 

show that once unimaginable change is possible. The data from the North and 

West and the data for Hispanics from all parts of America show that little can 

be achieved without clear policies, effectively implemented. 
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Table 1 

PERCENT OF BLACK STUDENTS I~ 
SCHOOLS WITH MORE THAN HALF MINORITY STUDENTS 

BY REGION, 1968- 1980 

u.s . 
TOTAL SOUTHERN BORDER NORTHEAST MI DWEST WEST 

STATES STATES 

1968 76.6 80 . 9 71.6 66 . 8 77 . 3 72.2 

1972 63.6 55 . 3 67.2 69 . 9 75 . 3 68.1 

1976 62.4 54 . 9 60.1 72 . 5 70 . 3 67 . 4 

1980 62. 9 57.1 59 . 2 79 . 9 69 . 5 66 . 8 

cha nge 1968 -13.7 - 23.8 - 12.4 +13 . 1 - 7 . 8 - 5.4 
to 1 980 

Table 2 

PERCENT OF BLACK STUDENTS I~ 
SCHOOLS WITH 90- 100 PERCENT MINORITY ENROLLMENTS 

BY REGION, 1968-1980 

u.s . SOUTH BORDER NORTHEAST MIDWEST WEST 
TOTAL 

1968 64.3 77 . 8 60 . 2 42 . 7 58.0 50 . 8 

1972 38.7 24.7 54.7 46 . 9 57.4 42 . 7 

1976 35.9 22.4 42.5 51.4 51.1 36 . 3 

1980 33.2 23.0 37.0 48 . 7 43.6 33 . 7 

change 
1968-80 - 31.1 -54 . 8 -23.2 +6 . 0 -14.4 - 17 . 1 



cha nge 

change 

u.s . 
1968 54.8 

1972 56.6 

1976 60 . 8 

1980 68. 1 
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Table 3 

PERCENT OF HISPANI C S~UDENTS 
I~ SCHOOLS WITH ~ORE THAN HALF MINORITY STUDEN~S 

SOUTH 

69 . 6 

69 . 9 

70.9 

76.0 

BY REGION, 1968-1980 

BORDER 

** 

** 

** 

NOR~EAST 

74 . 8 

74 . 4 

74.9 

76.3 

MIDWEST 

31.8 

34.4 

39.3 

46 . 6 

WEST 

42 . 4 

44 . 7 

52 . 7 

63.5 

1968- +13.3 +6.4 1980 ** + 1. 5 +14 . 8 +21.1 

Tabl~ 

PERCENT OF HISPANIC STUDENTS 
IN SCHOOLS WITH 90-100 PERCENT MINORITY STUDENTS 

BY REGION, 1968-1980 

u.s. SOUTH BORDER NORTHEAST MIDWEST WEST 

1968 23.1 33.7 ** 44.0 6 . 8 11.7 

1972 23.3 31.4 ** 44.1 9.5 11.5 

1976 24.8 32.2 ** 45.8 14.1 13.3 

1980 28.8 37.3 ** 45.8 19.6 18.5 

1968-
1980 +5.7 +3 . 6 ** +1.8 +12 . 8 +6.8 

**Border state figures are not reported because the 
very small number of Hispanics in this region makes 
comparison misleading . .:l.mong the Hispanics •t~ho do reside in this region 2. 8% were in 90:-100 ~~ minority schools in 
1980 and 23.2% attend predominantly minority schools . 
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u .s. 
1970 32.0 

1980 36 . 2 
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Table 5 

PERCENT WHITE IN 

RACI~~ COMPOSITION OF 
SCHOOL ATTENDED BY TYPICAL BLACK STUDENT, 

BY REGION, 1970- 1980 

SOUTH BORDER NORTHEAST MIDWEST WEST 

36 . 7 27 . 4 31.5 23.6 30 . 1 

41.2 37.7 27.8 30 . 6 34 . 3 

CHANGE +4 . 2 +4 . 5 +10.3 - 3 . 7 +7 . 0 +4.2 
1970- 1980 

1970 

1980 

CHANGE 

1970 

1980 

1970 

1980 

Table 6 

PERCENT WHITE STUDENTS 
IN SCHOOL ATTENDED BY TYPICAL HISPANIC STUDENT 

BY REGION, 1970-1980 
u.s. SOUTH BORDER* NORTHEAST MIDWEST WEST 
43.8 33.4 80.2 27.5 63 . 6 53.2 

35.5 29.5 66.4 27.0 51.9 39.8 

-8.3 - 3.9 -13.8* - .5 - 11.7 -13 . 4 

(*very few Hispanics live in this region) 

Table 7 

PERCENT BLACK STUDENTS 
IN SCHOOL ATTENDED BY TYPICAL WHITE STUDENT 

BY REGI ON, 1970-1980 

~..:... SOUTH BORDER ~ORTHEAST MIDWEST WEST 

6 . 1 14.9 5.8 4.5 2 . 8 2 . 4 

8.0 17 . 5 8.3 4.8 4 . 5 3 . 4 

Table 8 

PERCENT HISP.~IC STUDENTS 
IN SCHOOL ATTENDED BY TYPICAL WHITE STUDENT 

BY REGION, 1970 - 1980 

u.s. SOUTH BORDER ::-lOR'!'HEAST ~IDWEST \vEST 
2.8 2.8 . 3 1.-! l. O 8 . 9 

3 . 9 4.1 . 6 2.3 1.4 11.1 
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Table 9 

PERCENT OF ~VHITE STUDENTS IN SCHOOLS 
90-100 PERCENT WHITE, BY REGION, 

1968- 1980 

u.s . SOUTH BORDER NORTHEAST MIDWEST WEST 

1968 78.4 70 . 6 80 . 0 83 . 0 89 . 4 63 . 0 

1972 68.9 38.0 75 . 9 82;9 87 . 5 56.0 

1976 64.9 34 .6 64 . 8 81.4 84 . 7 49 . 9 

1980 61.2 35 . 0 64 . 1 80.2 81.2 43.3 

change 1968- -1 7 .2 -35.6 
1980 

- 15.9 -2.8 - 8 .2 -19.7 

Table 10 

RAC I AL COMPOSITION OF PUBLIC SCHOOL 
ENROLLMENT, NATION AND REGIONS, 1970-1 980 

DEPT. of EDUCATION SURVEY DATA 

Arner ic·a n Indian Asian Hispanic Black White 

1970 

Nation . 4% .5% 5 . 1% 15 . 0% T 9 .. 1~' 
Northeast . l% . 4 ?' 4.4% 11 . 9% 83.3% 

Border .8% . 2% . 3% 17 . 3% 81.4% 

South .2% . 1% 5 . 5% 27 . 2% 66 . 9% 

Midwest .3% .2% 1. 4% 10.4% 87.6% 

T/'lest 1. 1?~ 1. 6% 13.0% 6. 3~~ 77 . 9% 

1980 

Nation .8% 1. 9% 8.0% 16. 1?~ 73.2% 

~ortheast .2% 1. 4% 6 . 6% 13.6~' 78 . 3% 

Border 1. 5% . 8 ?~ . 7% 17 . 5~' 79 . 5% 

South . 3 ?~ .7% 8 . 8~~ 26 . 9?~ 63 . 3~~ 

Midwest .6% .9% 2. 3 ~~ 12 . 4% 83 . 7~~ 

11'1 est 1. 8% 4. 4 ~~ 19 . 0~' 6. 8~~ 68 . 0% 
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Table 11 

BLACK AND HISPANIC ENROLLMENT I N PREDOMINANTLY 
MINORITY AND 90 - 100% MINORI'!'Y SCHOOLS, 1968-1980 

~ Qredominantly minority 90 - 1 0 0% minori ty 
BLACKS HISPANICS BLACKS HISPANICS 

1968 76.6% 54.8% 64.3% 23.1% 

1970 66.9% 55.8% 44.3% 23. 0% 

1972 63.6 56.6% 38 . 7% 23. 3% 

1974 63.0% 57.9% 2 7. 8% 23.9% 

1976 62.4% 60.8% 35.9% 24.8% 

1978 61.8% 63.1% 34.2% 25.9% 

1980 62 . 9% 68.1% 33.2% 28.8% 
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TF'CHNTCAL :>TOTES 

The basic computer wor k for this report was done by 
DBS Corporation under subcontract to Oppo~tunity Systems I~c. 
which prepared data then submitted for analysis by the Joint 
Center for Political Studies. 

The regions used for analysis in this report include the 
following states: 

SOUTH: Alabama, Arkansas, Georgia, Florida, Louisiana, Mississippi, 
North Carolina, South Carolina, Tennessee, Texas, Virginia 

BORDER: Deleware, District of Columbia, Kentucky, Maryland, 
Missouri, Oklahoma, West Virginia 

NORTHEAST: Connecticut, Maine, Massachusetts, New Hampshire, ~ew 
Jersey, New York, Pennsylvania, Rhode Island, Vermont 

MIDWEST:Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, 
Nebraska , North Dakota, Ohio, South Dakota, Wisconsin 

WEST: Arizona, California, Colorado, Idaho , Montana, Nevada , 
New Mexico, Oregon, Utah, Washington, Wyoming 

EXCLUDED: Hawaii and Alaska, because of unique ethnic compQsition 
and distance from other states assigned to regions 

Exposure Indices-- the tables reporting the racial average 
composition of schools attended by blacks, Hispanics, and 
whites are determined by calculations using the following 
alegebraic formula, producing a figure commonly called 
an exposure index: 

Exposure Index Showing Typical Exposure 
of White Students to Blacks in a 
School District 

w. b. 
= (~w~)x (w +~ x 1 0 0 

~ D i i 

W. is the number of white students in the ith school ~ 

WD is the number of white pupils in the dist~ict 

b . is the number of black pupils in the district ~ 
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BACKGROUND 

In the fall of 1981, the· House Subcommittee on Civil and Constitutional 

Rights held extensive hearings on school desegregation. During the course of 

the hearings, subcommittee members and staff determined that the most recent 

federal data needed to be examined to learn about progress and problems in 

school desegregation. What direction had the nation been moving during the 

seventies? Subcommittee Chairman Don Edwards directed a series of inquiries 

to the U.S. Department of Education, asking for basic data on the segregation 

of blacks and Hispanics and the kinds of changes that had occurred between 

1968 and 1980, a period which includes all of the controversial urban 

desegregation orders. The Education Department provided this data in the form 

of printouts produced by the DBS Corporation under subcontract to Opportunity 

Systems Inc. in Washington. Chairman Edwards asked the Joint Center for 

Political Studies to examine the data and report to the subcommittee on the 

major implications. This report, prepared by Gary Orfield, professor of 

political science, public policy, and education at the University of Chicago 

under contract to the Joint Center, responds to that request. 

The 1980 national and regional data were first computed for this report 

and are released here for the first time. For some measures, 1970-1980 

comparisons were chosen to permit comparison with data showing changes in 

overall population between censuses. 

THE BASIC TRENDS 

Segregation of black students declined significant l y in the United States 

between 1968 and 1980. The most substantia l changes, however , were limited to 

the regions that had been segregated by law before 1954--the 11 states o f the 

South and the 6 ~order states. ~ost of this change had been achieved by 197 2, 

and, i n fact, the South has recent l y become sl i ght ly more segregated. 
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During the seventies, all regions of the country except the Northeast 

reduced black segregation to some degree. The Northeast, by far the nation's 

most segregated region, became more segregated during the decade. The 1980-

1981 school year found almost half of the ~lack students in the Northeast in 

90-100 percent minority schools, while fewer than one quarter of the black 

students in the South were in such schools. 

The 1980 data show millions of children 1n integrated schools, 

particularly in the South, where segregation had been most severe. But it 

also shows that 63 percent of black students around ___ t~~ -cou~t.EY remain in 
--, 

scl_l?.ols that are predominantly minority and about a third ( 33.2 percent) are 

still in intensely segregated schools with 90-100 percent minority enrollment. 

The data strongly suggest that the much greater progress in the southern 

and border states was related to a strong enforcement effort by the federal 

government and the federal courts, •ihich was primarily directed at southern 

segregation. When President Kennedy asked Congress to enact a civil rights 

bill in 1963, 98 percent of black students in the South were 1n all-black 

schools and almost all whites attended all-white schools. Enforcement of the 

1964 Civil Rights Act and a number of major court decisions on southern 

segregation cut the number of southern black students in 99-100 percent black 

schools to 25 percent by 1968. During the 1968-1972 period, when the 

statistics 1n Tables 1,2, and 11 show the most dramatic changes recorded 

during this period, the Supreme Court made two extremely important decisions, 

in the cases of Alexander v . Holmes and Swann v. Charlotte-Mecklenburg. These 

decisions required that southern districts desegregate immediately and 

authorized the use of busing when it was the only way desegregation could be 

accomplished. These decisions had immediate impacts in hundreds of dis tricts 

and sharply decreased segregation of black and white students tn the South. 
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Neither the executive branch nor the Supreme Court has issued such clear 

directives for desegregation policy in the North and West, and progress in 

these areas has been much slower. By 1970, the South was the least segregated 

region for blacks, and the gap has grown since then. 

The data on Hispanic segregation trends tell a very different story and 

raise very important research and policy questions. There was no progress on 

integrating Latino students in public schools in the seventies. In fact, each 

region of the country has become more segregated for Hispanics as their 

numbers have rapidly grown in American society. Although the Supreme Court 

ruled, in the 1973 Denver case, that Hispanics as well as blacks should be 

desegregated when a school board was ordered to implement a plan, very little 

has been done to implement this policy, and very few cases have been brought 

to court. 

Hispanics increased rapidly, from about a twentjet;.t~_q_UJ2e...J?..4.1:1.Hc._ scl)oo 1 --------- -- ------~~---

students in 1970 to about a twelfth in 1980. As their numbers grew1 so did 

their separation from whites.* During the seventies, the substantial increase 

of Hispanic segregation and the gradual decline of black segregation meant 

that by 1980, the typical Hispanic student attended a school that was more 

segregated than that of the typical black student (Tab l es 1-6). The 

consistent trend toward greater segregation of Hispanics and the acceleration ----- - -----
of that trend in the late 1970s suggest that the gap could widen. In 1980, 

the typical Hispanic student attended a school in which 35.5 percent of the 
~-- .. -·---·-----

children were white; the typical black student, a school that was very __ ...,. __ ,.. ___ .., -· -· .... 

slightly more integrated, 36.2 percent white ( Tables 5 and 6) . I n 1980, 63 
-----·- · - --- --------~.. ---- ---- -----

*The term "white," as used in this report, should oe understood to mean "non
Hispanic white," since Hispanics can be of any racial backgr ound and many are 
a 11 or ?art white. The term "Anglo" '.Jould be more appropriate but is not used 
here because it is little ~nown outside the Southwest. 
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