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Preface

During the last decade of this century, the U.S. educational system will face many challenges, but

few more important than the renewal and revitalization of the mathematical sciences. Problems in
mathematical sciences education exist at all levelselementary, high school, and postsecondary.

These problems are caused by many factors, including a static curriculum. insufficient resources

devoted to instruction, inadequate numbers of well-trained teachers, declining student interest, and

more generally, the public's failure to understand fully the importance of education in science for the

well-being of our society. The problems manifest themselves in the product of the educational
enterprisethe scientifically trained work force that must serve the needs of our society. The
demands of the next decade and the twenty-first century will require that large numbers of America's

work force be equipped with higher levels of mathematical sophistication. Yet, the National Science

Foundation and other organizations project that by the year 2000. unless there is a dramatic change,

our nation will face a significant shortfall of people with the necessary skills in the mathematical

sciences.

In response to this crucial situation the National Research Council has established the Committee

on the Mathematical Sciences in the Year 20(X), under the direction of the Mathematical Sciences
Education Board and the Board on Mathematical Sciences, to assess the present state of collegiate

education in the mathematical sciences, to identify existing problems. and to recommend action that

can remedy this situation. It i. hoped that this analysis by the committee will lead to a national agenda

for renewal and revitalization of the mathematical sciences and to a strategy for implementation that

will stimulate all sectors of our society into action.

The present descriptive report, A Challenge of Numbers, is one of three planned by the committee,

It describes the circumstances and issues related to the human resources in the mathematical sciences,

principally students and teachers at U.S. colleges and universities. The mathematical sciences, based

largely in academia, are crucial not only for the development of new knowledge but also as a needed

resource in the education of our technological work force. As with other scientific professions, the
challenge of meeting the growing need for workers in the face of shrinking supplies will require a

program of national action, but the situation in the mathematical sciences is particularly severe.
Attrition from the educational pipeline in mathematics has given rise to low degree production at all

levels in colleges and universities, and socioeconomic forces have resulted in unprecedemedly low

interest in mathematics as a major among entering freshmen. At the same time, growing enrollments

in lower-level mathematics courses with small or no increases in staffing levels have created less than
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an ideal environment for faculty in the mathematical sciences. Because of the fundamental role of
inathematics in support of science and engineering, the problems in the U.S. educational system will
not be corrected unless the preblems in mathematics education are corrected. On the other hand, a
revitalization of the mathematical sciences could lead the way in effecting change across the
educational spectrum.

A Challenge of Numbers contains data from a large number of existing sources. It provides in
one place a comprehensive set of data describing the demographic situation in the mathematical
sciences. This report does not provide answers, nor does it draw conclusions. Rather, it serves as
a reference. As such, it will be an important source of data for the Committee on the Mathematical
Sciences in the Year 2000 in formulating its recommendations. Also, it is hoped that the report will
be used by educators and administrators in industry, government, and education to alert policymakers
about the urgent need for revitalization of the mathematical sciences.

This is the second report of the MS 2000 project. The first, Everybody Counts, was published
jtAntly with the Mathematical Sciences Education Board and the Board on Mathematical Sciences
and provided a general analysis of the trends and needs in mathematicseducation. The next review
paper, to be published in late spring 1990, will assess the college and university curriculum, and the
final paper. due in summer 1990, will report on resources available for instruction in the mathemati-
cal sciences. Following the completion of the review papers, the Committee on the Mathematical
Sciences in the Year 2000 will be in a position to issue its final recommendations in a report to the
nation scheduled tbr late 1990.

On behalf of the committee, I want to express our gratitude to Bernard L. Madison and Therese
A. Hart for their work in compiling the necessary background informtion and for writing A
Challenge of Numbers. They have provided an important service to the members ot' the Committee
on the Mathematical Sciences in the Year 2000 and to the mathematical sciences community by
making, these data available in a convenient and accessible format.

William E. Kirwan
Chairnmn, Comminee on the Mathematical Sciences

in the Year 2000
President, University of Maryland at Colkge Park
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Introduction and Historical Perspective

Mathematics has become essential and pervasive in the U.S. workplace, and pro-
jections indicate that its use will expand, as will the need for more workers with a
knowledge of college-level mathematics. However, socioeconomic and demographic
projections as well as circumstances within the college and university mathematical
sciences' system suggest that an adequate supply of appropriately educated workers is
not forthcoming. Development of mathematical talent will be impeded by the low
general interest in mathematics as a college major; the relatively small numbers of
minorities and women studying and practicing mathematics; a shortage of qualified
faculty to deal with huge enrollments in low-level courses and students with widely
varying levels of preparation; and the difficulty of maintaining the vitality of the mathe-
matical sciences faculty.

The MS 2000 Project and the Scope alThis Report

Because a healthy flow of mathematical talent is
important for the nation's welfare, the National Research
Council initiated in 1986 the project Mather..atical Sci-
ences in the Year 2000 (MS 2000) to assess the status of
college and university mathematical sciences and to design
a plan for revitalization and renewal. This report describes
the circumstances and issues surrounding the people in-
volved in the mathematical sciences, principally students
and teachers. The description is not complete because
comprehensive data are not available, but most data that
are relevant and available are included and arc adequate to
describe the circumstances in the mathematical sciences.

Two additional descriptive reportsone on curriculum
and the other on resourcesare forthcoming. Together
these three reports will form the basis for the the MS 2000
Committees final report, which will contain recommen-
dations for actions to achieve revitalization and renewal of
the college and university mathematical sciences enter-
prise.

This report is concerned with all students of collegiate
mathematics. However, mathematics majors have a spe-
cial role to play because they are the source of the new
faculty members necessary to renew and sustain the sys-
tem. And increases in the need for mathematics in the
workplace in turn fuel a need for more academically skilled
workers. A dramatic demonstration of this need is the

'For the purposes of this report the discipline referred to as the "mathematical sciences- includes mathematics, applied mathematics, and statistics.
A broader definition is generally used in the taxonomy of scientific disciplines. For a discussion of the mathematical sciences research community
see Renewing U.S. Mathentanex: Critical Resource fen the Future (National Academy Press.Washington. D.C., 1984), pp. 77-85. Computer science
is not a branch of the mathematical sciences, but its close ties with mathematics, both intellectually and administratively, have significantly affected
coller.e and university mathematical sciences over the past two decades. This report does not attempt to describe circumstances in computer science.
but references to computer science are necessary because of these ties and their effects.

1



A Challenge of Numbers

doubling of the number of scientists and engineers in a
single decade (Figure 1.1).

Understanding students and teachers in the mathe-
matical scienceswho they are, what they learn and teach,
and how they use what they learnrequires understanding
the vast and diverse system in which they work. The
mathematical sciences programs in U.S. colleges and
universities account tbr nearly 10% of all collegiate teach-
ing in the United States and nearly 30% of all collegiate

teaching in the natural sciences and engineering. Each
term, approxinmtely 3 million students are taught by more

than 40,0(X) full-time and part-time faculty members and
8,0()0 graduate teaching assistants in 2.500 institut ions. To
better understand this system and how current circum-
stances evolved, a review of events of the past 30 years is

helpful.

Three Roller Coaster Decade's

For centuries. mathematics has been recognized as

interesting, challenging, and essential for the support of
science and engineering. Within this century, mathematics
has become much more broadly applicable and important.
Giant strides toward recognition of its significance were
made during World War II. After World War II. U.S.
mathematicians branched out. studying and developing
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PGURE 1.1 Total number of scientists and engineers.

SOURCE: National Science Board (NSB, 1987).

new areas in many directions very successfully. This

period of innovation and the concurrent expansion of
college and university mathematics programs positioned
mathematics as a key participant in the nation's emphasis
on science spuned on by the 1957 launch of Sputnik. Thus

began three decades of extraordinary changea decade of
expansion, followed by a decade of adjustment and depres-
sion, followed by a decade of panial recovery.

The decade following Sputnik's launch was one of
expansion for U.S. mathematics. Statistics became more
widely recognized as a distinct discipline and began to
flourish, Thenas now, to a slightly lesser extentmost
of the research in mathematics and siatistics was per-
formed in universities. College enrollments increased.
faculties expanded, and positions were plentiful. The

number of bachelor's degrees in mathematics awarded
annually tripled, and the number of graduate degrees
increased fivefold in this decade. Support for specialized
research programs. which was available from federal
agencies tbr individuals, was ideally suited to the mathe-
matical research mode.

In the late 1960s, immediately following the dramatic
expansion of science and mathematics programs. the na-
tion's interest and attention shifted to social issues. Al-

though more students continued to enter college as access
to higher education expanded significantly. many came
without adequate preparation for college mathematics and
with questions about the relevance of learning any. Over
the 20-year period from 1965 to 1985. collcge enrollments
doubled, and mathematical sciences enrollments more
than kept pace. However, most of the increase in mathe-
matics enrollments was at the lower levels, with remedial
enrollments in high school mathematics taught in college
leading the way.

The surge in the numbers of degrees awarded in the
mathematical sciences in the late 1960s and early 1970s
and the lack of estahl khed employment markets for mathe-
maticians outside of academe created more degree holders

than there were jobs, especially at the doctoral level: in
addition, part of the response to increased enrollments in
mathematics courses was to let student-faculty ratios in-
crease. A depressed employment market resulted that

1 "1.1



lasted nearly a decade, into the early 1980s. To some extent
this depression was spread across all science and engineer-
ing fields. Statistics was an exception, with some modest
increases in degrees granted and a better nonacademic
employment market.

College and university mathematical sciences facul-
ties were changing. Increasing responsibilities for teach
ing precalculus and high-school-level courses, the predic-
tion that college enrollments would soon decline, and the
perception that mathematics Ph.D.s were plentiful changed
employment practices on college faculties. The changes
included the creation of positions with heavy teaching
loads for full-time faculty and the use of more part-time and
temporary teachers. Many faculty members had little time
and motivation for personal scholarship; some lapsed into
inactivity. Teaching introductory algebra and calculus to
students majoring in other areas became more widespread
and restricted the independent growth of mathematics and
mathematicians. Some faculty members did not teach
what they thought abouttheir researchand also had
little enthusiasm or latitude to think about what they taught.
These forces reduced the attention to curriculum devdop-
ment and reform. In response to nationally articulated
goals in the mid-1960s, the fraction of Ph.D.s on mathe-
matical sciences faculties had increased significantly to
nearly 80% in four-year institutions, but a seeming mis-
match between training and duties prompted a reversal of
this effort. In particular, new doctoral degree holders.
educated for research, were mismatched with the teaching
positions available. Consequently, both teaching and
research suffered.

In research universities, graduate students, plentiful in
the 1960s, assumed a large share of the teaching responsi-
bilities. Information on a weak mathematics employment
market and better opportunities in other areas such as
computer science spread quickly among U.S. students, and
the numbers choosing mathematics as a major area of study
began to decline. This decline was partially offset at the
graduate level by increases in the number of non-U.S.
students that, combined with the significant decline in the
number of U.S. students enrolled in math.matics. changed
the non-U.S. representation from about one of five in 1970

White Males
74%

Introduction and Historical Perspective

White Females

4111

19%

Non-White Males
5%

Non-White Females
1%

FIGURE 1.2 Ph.D. degrees in mathematics, 1986-1987.
SOURCE: American Mathematical Society (AMS, 1987).

to nearly one of two in 1988. This trend. coupled with the
heavy teaching burden carried by graduate students, cre-
ated teaching problems across the country.

Factors other than the poor employment market also
reduced the number of mathematical sciences majors. One
factor was the predominance of white middle-class males
in the study and practice of mathematics. Relatively few
women and minorities were choosing mathematically based
careers and curricula, although more women, more blacks,
and more Hispanics were entering college. The fraction of
bachelor's degrees earned by women did increasefrom
about one-third of the total in the mid-1960s to almost one-
half by 1986but the increase was smaller at the master's
1:!vel and smaller still at the doctoral level (Figure 1.2).
That comparatively few blacks and Hispanics choose
mathematically based careers has continued to be the case.
The number of Native Americans choosing such careers is
small but does reflect approximately this group's share of
the total U.S. population, while Asian-Americans continue
to show a preference tbr these careers.

In the 1960s and 1970s, little attention was given to
creating employment opportunities for mathematical sci-
entists in the nonacademic workplace. Academic employ-
ment in a research environment was the dominant destina-
tion for degree holders in mathematics. and these opportu-
nities had diminished. Thus, not only were there rough
transitions to the workplace tbr those with bachelor's and
master's degrees. but Ph.D.s. too. were not suitably matched
with the teaching jobs that were available in colleges.

3
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Mathematical sciences enrollments in introductory
and remedial courses continued to increase in the 1970s,
fueled by added mathematics requirements in the curricula
of fields such as business and by shifts to majors that
required more mathematics. This development reflected
In increasing need for mathematics in the workplace, both
for professionals in other areas and for mathemafical
scientists. Mathematics was emerging as more important
in professional education, achieving a new prominence
that complemented its centuries-long role in 1r4man intel-
lectual development. Problem-solving ability and adapta-
bility dominated the requirements of new jobs. Said

another way, liberal arts educationespecially mathemat-
ics educationwas becoming closer to professional edu-
cation. However, the nonacademic employment market
for mathematical scientists continued to be poorly under-
,
stood and was invisible to many.

Departments across the country met the increased
enrollments of the 1970s with a variety of types of faculty
members and the same traditional courses, mostly because
they were busy and lacked resources (Figure 1.3). Many
temporary and part-time teachers were hired on an ad hoc
basis term after term. Thus began a dismantling of the
buildup to a high fraction of faculty with Ph.D.s that had
just been achieved. The responsibilities of departments
became more diverse and more difficult to early out
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because of heavier involvement in coordinating activities,
fewer experienced and involved teachers, large remedial
and placement problems, and fewer mathematics majors.
No other collegiate discipline teaches as many students
with such widely differing levels of preparation as does
mathematics, and most of the students are expected to use
the mathematics in subsequent courses. An overwhelming
combination of problems of collegiate teaching--unmoti-
vated and underprepared students, unenthusiastic teachers,
language problems in the classroom, outdated and irrele-
vant curricula and courses, large classes, heavy teaching
loads, too few resources, and little use of modem technol-
ogycame together in the 1970s and resonated in mathe-
matics classrooms across the United States.

By the early 1980s, the number of degrees awarded
annually in the mathematical sciences had fallen by nearly
50% at all three levels (Figure 1.4). Occurring simultane-
ously with the decline in the numbers of degrees awarded
were increases in enrollments and in reliance on part-time
faculty. Belatedly, institutions decided that the high mathe-
matical sciences enrollments would persist, and they began
to employ regular faculty members. By this time there
were too few U.S. citizens among the new doctoral degree
holders to meet the demand; indeed, there were overall
shortages of candidates. There were (and are) no surplus
pools of mathematical sciences Ph.D.sno large number
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FIGURE 1.3 Left: Total undergraduate enrollments in mathematical sciences departments. Right: Mathematical sciences

faculty at colleges and inth,ersities. SOURCE: Conference Board of the Mathematical Sciences (CBMS, 1987).
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BOX 1.1 Computer Science

Computer science has developed since World War II from roots in mathematics and electrical engineering.

It has become o separate academic discipline within the past two decades and has developed its Own sources of
students and kderal funding for research. (See the 1984 David Report (NRC, I 984) for a fuller analysis.)
Computer science is not Lonsidered to be a part of the mathematical sciences, and that is the position taken
throughout this report. However, older reports on the mathematical sciences may include computer science data,

and computer science and mathematics continue to be administered by the same unit in most colleges and
universities (see Box 3.3). Because of these historical, administrative, and intellectual ties, the emergence and
rapid growth of the discipline of computer science have had a significant effect on the mathematical sciences. At

points in this report some of these effects are conjectured, but only the effects of computer science on the
mathematical sciences are considered. No attempt is made to describ:, tbe conditions in computer science.
Nevertheless, the grouping of computer science with the mathematical sciences in many college and university
departments and the dual teaching roles of many faculty members are facts.

The 1985 C BMS Survey (Box 3.3) concluded that in four-year colleges and universities, half (49(7 ) of all
computer science course sections were taught in departments with mathematics and the other half (5 I (4) in com-

puter science departments. (This breakdown (ki not include coffses in computing taught by many units in busi-
ness and engineering, for example.) Thus approximately 270,000 students enrolled in computer science courses

were taught in mathematics departments in fall 1985. This compares to estimated enrollments of' 1,827,000 in

mathematics and statistics courses in these departments in fall 1985. Thus approximately 1 3'4 of the teaching in

these departments was in computer science (the 1985 Annual A MS Survey results give an estimate of 10'4 rather
than l3(/, . but the 1984 Annual AMS Survey yielded 12(A --see Box 3.2).

In two-year colleges in 1985, approximatel) 10(X of the I million students enrolled per term were enrolled
in computing and data processing.

The 1985 C MS Survey listed 27,500 bachelor's degrees awarded by departments of "mathenmt ics- and 400

awarded by departments of statistics in the period July 1984 to June 1985. 01 these 27,500 degrees, 40'4 were
awaided in computer science (8,7(i0) or jointly with computer science (2,500 1.

The 1985 CB MS Survey reported that of the 3,750 Ph.D.s on the nat km 's full-time computer science faculty.

41':; had their doctorates in mathematics. Of the 2,200 Ph.D.s on the pan-t inks computer science faculty. 61'. had

their doctorates in mathematics. Of the total full-time computer science faculty. 35'4 had their bc.heq degrees in

mathematics, and of the total part-time computer science faculty. 42(4 had their highest deg ee in mathematics.
Of the 5.00 menthers of the full-time computer science faculty, 2,050 wens emplo)ed h "maihematics-
tkpartments. Of the 5,350 =tubers of the part-tinks computer science facffity. 3350 w ere employed
"mathematics- departments. This translated to 3.150 lull-time equivalents ( FTF. ) of faculty member. teaching one-

half of the computer science sections in "mathematics' departments and 4.250 Ill; of faculty numbers, teaching
the other half in computer science departments. It is noted that computer science departments are concentrated
in the universitie v4here teaching loads are lower.
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of postdoctoral positions and no candidates from other
disciplines who fit the faculty needs. Ad hoc hiring
practices continued. partly because of a lack of suitable
candidates for regular faculty positions.

From another perspective, by 1970 a large infrastruc-
ture of mathematical sciences graduate study and research
had been established across the country and was spread
through more than 150 universities. Success in research
was clearly the principal criterion for respect within this
community. and the research environment was clearly the
best in the w orld. lowever, federal support for mathemati-
cal sciences research became less available. as did other
governmental and institutional support (NRC. 1984 ). and
the employment market was very depressed. There were
many discouraged faculty members and persons seeking
facult positions. Many defected to other areas. By 1980,
the mathematical sciences infrastructure w as clearly w eak-

ening.
During the 1970s and continuing until the present.

many departments' programs. especially at four-year col-
leges. contained a mixture of mathematics, statistics, and
computer science. Planning was confounded further by
conflicting trends w ithin these three disciplines. Computer
science w as booming, statistics was grow ing steadil>. and
mathematics w as struggling to adjust to a depressed em-
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ployment market. fewer majors. and huge enrollments in
introductory courses.

Computer science was emerging as a serarme aca-
demic discipline. Many computer science programs had
been formed %A ithin mathematical sciences departments,
and the number of majors and the course enroll..ment N were

rising rapidly. Since there were far too few people 1/4 ith
academic degrees in computer science to fill the available
facult positions and because of computer science's close
conimtions to mathematics. many mathematics faculty
members were able to cross over to computer science. And
students w ho once might have been mathematics majors
began to choose computer science as a major. By 1988
separate computer science departments had been estab-
lished in most large universities. hut in smaller institutions
the hybrid department was still the rule. Approximately
half of all computer science enrollments continue to be in
these combined departments. thus competing t'or faculty
time and energy and the interest of the students (see Box
1.1).

While much of the ferment over the past tw o decades
also affected other academic disciplines. especially the
sciences and engineering, the impact on the mathematical
sciences w as more extreme. The declines in the numbers
of' mathematics degrees awarded were relatively larger.
and the declines in the numbers of majors in other science
and engineering disciplines turned around much more
quickly in the early 1980s. Mathematics has been the
slow est field to recoveralthough there has been sonic
recover ---one reason being the close ties hetw een mathe-
matics and academe. No other science or engineering
discipline deiwnds as heav on academic emplo mcnt for
its graduates. especially those % doctorates, as does
mathematics. Consequently the health of the mathemati-
cal sciences enterprise is er \ closet tied to the health of
education, especiallx higher education.

B 1982 a number of serious problems posing a risk fo
the general health of mathematics had become apparent.
The numhers of degrees arded w ere near the low est:
course enrollments w ere the highest. w ith the heaviest
concentration at the low er le els: teaching loads had in-
creased dramaticall : federal support for research as at a

0
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BOX 1.2 Sources of Data

Several sources of data were used to compile this report. The main sources include:

American Mathematical Society (AMS);
Conference Board of the Mathematical Sciences (CBMS):
National Center for Education Statistics (NCES) of the Department of Education;
National Research Council (NRC); and
National Science Foundation (NSF).

In general. the mathematical professional societies (AMS and ('BMS) data relate only to the field of mathe-
matical sciences and do not allow any comparisons across fields. When field comparisons are made, the sources
of data are usually the NRC. NSF, or NCES. Inconsistencies do arise, partly because of different survey
populations. For instance, some data on mathematical sciences include data on computer science. Where possible
in this report. mathenuit k.al sciences data have been separated from computer science data. It is not feasible to
reconcile or explain all the differences. Analysis of data in detail reveals differences that cannot be reconciled,
but the implications of these differences appear to be minor. Nevertheless, the different sources have been found
to be consistent enough to depict the general circumstances in the mathematical sciences enterprise.

The tables in the text are numbered consecutively within each chapter, as are the figures (mostly graphs).
Tables giving the data used to construct the figures presented in this report are included in the report's appendix
and are numbered to correspond to the relevant text chapter rather than to a particular text figure or table. For
example, Table A4.3 is the third table in Appendix Tables that contains data for Chapter 4. while Table 4.3 is simply
the third table in the text of Chapter 4. The sources of the infOrmation shown in the tables and figures are given
according to the standard referencing system used throughout the report.

\ er km point. ;yet. \ In core ireas of mathematics:
and I acult morale \\ a, frequentl lo k..,pondinp to the
expan.inn of the pre\ ion. two decadcs an.I the associated
prohlems had taken most of the lacult lime and energ
During that peri I 1.1%%0.t. nev, areas or mathematical
sciences had tie\ eloped. including operations research
diwrele mathematics- mathematical hiolog\ . statistical
design and anal \ and nonlinear d Minncal s stems. ln
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A Challenge of Numbers

the weakening of federal support for research in the mathe-
matical sciences. That report was the first of a series of

efforts within the NRC and in professional societies to
assess the health of the mathematical sciences and to
design a plan for renewal. The NRC project Mathematical
Sciences in the Year 2000 (MS 2000 h of hich this report

BOX 1.3 Statistics

The discipline of statistics is included in this
reporZ as a part of the mathematical sciences, princi-
pally because statistics has an intellectual base in
mathematics, mathematics students are the principal
source of statist ics graduate students, and significant

federal funding for academic research that develops
fundamental statistical concepts and methods comes
from the "mathenlatical sciences" units of federal
agencies (NRC, 1984).

Degree programs in statistics are mostly gradu-
ate degree programs. The number of students en-
rolled in statistics and the number of undergraduate
statistics majors are much smaller than the analo-
gous numbers for mathematics. In major universi-
ties, statistics usually constitutes a separate aca-
demic department, but in other institutions statistics
is likely to be taught in the same unit as mathematics
(see Box 3.3). In addition, statistics courses are
taught in a variety of administrative units, including
business, engineering, medical sciences, and social

sciences.
Partly because of the close administrative and

intellectual ties between statistics and mathematics,
much of the data on statistics in colleges and univer-
sities in this report is aggregated with analogous data

on mathematics. Some disaggregation is possible
and has been done when possible in this report.
I lowever, in general, the data are dominated by those
for mathematics, and caution must be used in draw-
ing conclusions about statistics from the aggregated

data.

is a part, was initiated in 1986. MS 2000 is an el'Ort to
assess the state of college and university mathematical

sciences and to design a national agenda for revitaliition
and renewal. The events of the past three decades, detailed
here. lend urgency to this effort. A major step in broaden-
ing the audience for this message and including all of
mathematics education was taken by the NRC in publ i shing

k.'vervhody Counts early in 1989 ( N RC. 1989). The issues
and implications identified in this report and the two
additional descriptive reports on curriculum and resources
will assist the MS 2000 Committee in presenting an agenda
that will ensure a healthy flow of mathematical talent into

the next century.

ContentA 0.1. This Report

Fundamentally this report concerns students and teach-

ers. The events and forces described above indicate the
complexity ofthis simple-sounding enterprise and how the
current predicaments have developed. Box 1.2 describes
the sources of the data used to compile this report and
explains the relationship between the text tables and fig-
ures and the additional data presented in the report 's

Appendix Tables. Box 1.3 details characteristics of the
statistics component or college and university mathemati-
cal sciences and describes the the context in %% hich infor-
mation in that area is provided. Chapter 2 describes in
broad strokes the larger communities of the U.S. labor
force and higher education, hich both encompass the
mathematical sciences enterprise. Chapter 3 describes the
major components of, trends in. and utiliiation of college
and universit mathematical science,. Chapter 4 focuses
on mathematical sciences majors, both undergraduate and
graduate. Chapter 5 describes mathematical scientists in
the w orkplace: col kges and universities are a principal
topic, since academe is still the dominant employer of
mathematical scientists. That situation. hot c cr. is chang-
ing. The increased use in arious professions of the mathe-
matical sciences adds to their traditionally important uses
in e%er da life. ci ic acti Hies. and our rich intellectual
culture.

0



The U.S. Labor Force and Higher Education

More new Jobs will require more postsecondary mathematics education.

The rate of growth in mathematically based occupations is about twice that
for all occupations.

Overall college enrollments are expected to decline until 1995.

Minorities and women, now less likely to choose mathematically based
occupations, will constitute larger shares of new workers.

Shifting interests of college students and high attrition have reduced the
number of students in the natural sciences and engineering pipeline.

Introduction

The m for a mathematically educated citizenry has
grown steadily over the past century and has accelerated in
the past two decades. This rapid growth is projected to
continue into the next century. There are increased needs
for mathematical knowledge and skills in all current areas
of usepractical, civic, professional, and culturalbut
the needs for future workers have received the most atten-
tion. Recurring predictions of the two chief requirements
for future workershigher levels of skills and adaptabil-
ityimply that more, and possibly different, postsecon-
dary education and especially mathematics education will
be needed.

These projections are noteworthy in view of the signifi-
cant rise over the past two decades in the educational
attainment of the civilian labor force. The average worker
in the labor force 20 years ago had a high school diploma.
Today the average worker's level of education has in-
creased to include almost a year of college. The percentage

of the labor force that has attended college nearly doubled
from 22% in 1965 to 40% in 1984, and more than 50% of
the new jobs created between 1985 and the year 20(X) will
require some college education (Figure 2.1). At the same
time, the share of the current labor force with less than four
years of high school has dropped from 43% to 20%.

Mathematical sciences education is needed by all indi-
viduals in the labor force, although to varying degrees.
Problem solving and numerical reasoning are becoming
essential in increasing numbers of jobs, and higher levels
of mathematical competency are required of those in-
volved in technological development and implementation.
As developments within the mathematical sciences occur
and their applications to many areas expand. more special-
ized mathematical knowledge becomes a prerequisite for
mathematics-related professions.

Much of the added responsibility for meeting this larger
need for mathematically educated people for the work
force is borne by colleges and universities. The extent to
which this need can be met is central to this report. and
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FIGURE 2.1 The educational requirements of the work force
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some of the problems to be overcome are new and formi-
dable. By most assessments, the current flow of talent
produced by U.S. college and university mathematical
sciences programs is insufficient. Improving that flow will
be complicated by a decreasing pool of U.S. students and
by significant changes in the ethnic and racial composition
of that pool, given a continuation of the current low inter-
est in and attractiveness of the study of mathematics by
groups that will have the most significant population
growth. Many mathematical sciences programs are over-
extended and preoccupied with the large increases in
remedial and precalculus enrollments of the past 15 years,
and the teaching system is outdated, both in curricular
content and in the methods and technology used in instruc-
tion.

More Skills and Greater Adaptability

The U.S. economy is projected to add 21 million new
jobs between 1986 and 2000, after having added 31 million
new jobs from 1972 to 1986, as reported in Workforce 2000

(BLS, 1987). The report goes on to state: "For the first time
in history, a majority of all new jobs will require postsecon-
dary education" (BLS, 1987, p. xxvii). Adding the number
of 1985 workers over age 50 who have more than four years
of college work to the projected number of new jobs that
will require more than four years of college yields more

10

than 12 million jobs for college graduates by the year 2000.
Assuming that current trends continue, this number is close
to the total number of new graduates expected between
1985 and 2000. Thus the overall need for college graduates
in the work force will be met if most of these college
graduates enter the labor market and if their degrees are in
the correct areas. However, these conditions are not likely
to be satisfied, and significrAt shortfalls have been pre-
dicted in science and engineering. Recent National Sci-
ence Foundation predictions point to a shortage of about
half a million scientists and engineers by the year 2000,
with shortages of 400,000 scientists and 275,000 engineers
predicted for 2006 (AAAS, 1989). Workforce 2000 (BLS,
1987) addressed the issue of requirements for increased
skills by stating:

The new jobs in service industries, all those avail-
able, will demand much higher skill levels than the
jobs of today. Very few new jobs will be created for
those who cannot read, follow directions, and use
mathematics. ... The fastef, growing jobs will be in
professional, technical, and sales fields requiring the
highest education and skills level. Of the 4astest-
growing job categories, all but one, service occupa-
tions, require more than the median level of educa-
tion for all jobs. Of those growing more slowly than
average, not one requires more than the median
education.

Ranking jobs according to skills, rather than edu-
cation, illustrates the rising requirements even more
dramatically. When jobs are given numerical ratings
according to the math, language, and reasoning skills
they require, only twenty-seven percent of all new
jobs fall into the lowest two skill categories, while 40
percent of current jobs require those limited skills.
By contrast, 41 percent of new jobs are in the three
highest skill groups, compared to only 24 percent of
current jobs.

In meeting the projected needs for more highly educated
workers, two problem areas have been noted. First, there
is a growing mismatch between the emerging jobs, which
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will call for increasingly higher levels of skill, and the
people available to fill them. Second, the labor market will
be a place of churning dislocation, with companies coming
and going and jobs changing and being redefined as the
United States copes with rapid technological change and
an increasingly competitive global economy.. The ability'
of w orkers to adapt will be critical for success (BLS,

988b: Richman, 1988).
Adaptability and education are virtually synonymous

for workers. Acquired job-specific skills become secon-
dary: knowledge, writing, problem solving, and numerical
reasoning are critical. Better-educated workers already
experience significantly shorter periods of unemployment
after losing jobs. Unemployment rates of college-educated
workers are approximately one-third the overall rate (N AS.
987b).

Even within the same organization, adaptation to new
work environments has become commonplace. To com-
pete successfully. U.S. companies must be able to rely on
workers to develop, learn, and adapt to new technologies.
These abi 1 it ies depend on the education of the workers, and

since many new technologies are mathematically based,
mathematics education is critical.

GloWth in SCienCe-BaSed ()CCU/4111'01?s

According to projections of the Bureau of Labor Statis-
tics, eight of the ten fastest growing jobs will be in science-
based occupations by 1995. Before 2000, industries will
need many more computer programmers and operators,
systems analysts, scientists, and engineers. The increase in
the number of jobs requiring scientific or technical skills--

many mathematies-based----is estimated to he significant
and is predicted to occur at a rate much higher than that for
all jobs ((PST. 1988 This projection is imsed on various
circumstances pertinent to spees.le fields, ;ncluding ad-
vances in technology and new applications, the increased
importance of quantitative analysis in decision making.
shortages of and replacements for doctoral degree holders,
and replacements for people transferring to other occupa-
tions or retiring.

The projected increase in the demand for all scientists.

The U.S. Labor Force and Higher Education

BOX 2.1 Degree Programs in Mathematics

Of the more than 3,300 higher education institu-
tions in the United States, more than 2,500 have
programs in mathematics. Approximately 1,000 of
these are two-year institutions, and most of the remain-
ing 1,500 offer programs leading to a bachelor's de-
gree with a major in mathematics. About 425 institu-
tions offer master's degrees in mathematics, and 155
offer programs for the doctoral degree.

Degree programs in mathematics education are fre-
quently different from those in mathematics and may
be located in a different administrative unit such as a
college of education. Some institutions may offer
separate degrees in applied mathematics or mathe-
matical sciences, and joint bachelor's degrees in mathe-
matics and computer science are becoming more
common.

engineers, and technicians between 1980 and 2000 is 364
compared to a 19'; increase in overall employment de-
mands. For scientists the expected increast. is 45'4 and fr
mathematical scientists 29(.'. compared to 7Wle for com-
puter specialists. 32'4 foe engineers, and 3fic for techni-
cians ( NSB, 1987). These increases are projected from a
1985 base that was generally higher than the average base
for the past 25 years.

The High Technology Recruitment Index. maintained
by Deutsch. Shea & Evans, Inc.. monitors demand for
technical expertise based on the number of recruitment
ad\ ertisements directed to scientists and engineers. Data

;tve been collected since I% I , the year used as the base
of 100. The index has ax eraged 106 and has ranged from
a low of 44 in 197 I to a high of 158 in 190h. During 1987-
1 988. the index luivered at a moderatelx high level between

115 anI 125. hut it fell to about 100 in 1989,
Ir . addition to there being a rei sonahly favorable out-

look for mathematics-related jobs, such jobs are some of
the r ,ost desirable, according to an article Shogren, 1988)
that reported on a study in the The Job.% Rated
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Several factors, only one of w hich is job outlook, are used

to measure job desirability. Other factors are salary, stress,

work environment, security, and physical demands. When

these other factors are considered, the best 5 of 250 jobs

rated( 1) actuar (2) computer programmer. (3) com-
puter systems analysts. (4 ) mathematician, and (5) statisti-
cianare mathematics-based. Each of these requires an
intensive mathematics background at the undergraduate

level equivalent to a bachelor's degree in computer sci-
ence, mathematics, statistics, or actuarial science ( Shogren,

1988).

MIA of the responsibility for meeting these challenges

to provide workers with more and possibly different kinds

of education rests with the U.S. higher education system.

BOX 2.2 Degree Programs in Statistics

The American Statistical Association (ASA) pub-
lishes lists of U.S. degree programs in statistics and in
other areas with an emphasis in statistics (e.g., mathe-
matics, business administration, and public health).
The information below is taken from the 1987 list.

The degree programs are housed in 252 departments
in 197 institutions as follows:

174 of the departments have names that include the
designations statistics, mathematics, mathematical
sciences, or combinations of these:
35 of the departments are biological units with de-
gree programs titled hiostatistics or biometry:
30 are departments of business administration: and
13 are scattered among agriculture, psychology.
education, and engineering.

The list of programs includes:

131 bachelor's degree programs at 123 institutions:
217 master's degree programs at 172 institutions:
and
164 doctoral degree programs at 122 institutions.

12

Higher Education in the . nited State.%

Higher education in the United States is extensive,
diverse, and increasingly expensive. More than 64 million

(about I of 4 ) people in the United States are involved in
giving or receiving formal education at all levels. Of these,

14.4 million are involved in higher education at 3.340
institutions. These institutions spent an estimated $112

billion in 1986-1987. Such expenditures, and thus the costs

of higher education have increased significantlyin I 985,
the cost to students of attending college was 3.5 times the

cost in 1966 and twice the cost in 1975 (NCES, 1987m.
Of the 3.340 U.S. institutions of higher education, 1,309

offer less than four years of work, typically two years. Of
the others, some offer as the highest degree the bachelor's

degree (707), a first professional degree (93), a master's
degree (566 ), sonic degree betw een a master's and a
doctorate (153), and the doctorate (473). Some 37 institu-

tions do not grant degrees (NCES, 19874). Most of these
institutions offer degree s in the mathematical sciences (see

Boxes 2.1 and 2.2).
On average. of I 00 people involved in higher education,

86 are student are administrative or support staff. and

5 are faLulty members. In I q85 v. omen students outnum-

bered men students by 6.4 million to 5.8 million ( N('ES,
1987a). Some 7.1 million were classified as full-time,

hik 5. I million cfc classificd as part-time. There were

10,6 million undergraduates and 1.3 million graduate stu-

dents. Minorities made up 18c; of the students in 1986
compared to 15'; in 1976 (NCES. 1988a).

College enrollments peaked in 1983 at 12.5 million
afier Mcreasing b 40r; from 1970 to 1980 and increasing

slightly in the earl 1980s. During the period from 1970 to

1985. the percentage of adults with at least four years of
college inercased from I l(; to I 9( . Undergraduate

enrollments have declined since I 983, hut graduate enroll-

ments ha% e been stead since the 197( )s. ith small in-
creases in the middle 1980s. Total undergraduate enroll-
ment in colleges and unix ersities increased 13.4( in the

decade eliding in 1986, hile during this same period the

total number of 18- to 24-year-o1ds decreased.

In 1984.1985, .1.per education institutions imarded

0 '
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FIGURE 2.2 Percent distribution of undergraduate enroll-
ments by race and ethnic group. SOURCE: National
Center for Education Statistics (NCES, 1987a).

979,000 bachelor's degrees, 286,000 master's degrees,
and 32,700 doctoral degrees. The most popular areas for
the bachelor's degrees were business and tanagement,
engineering and engineering technology, social sciences,
education, and the health professions (see Appendix Table
A2.6). The leading areas for master's degrees were educa-
tion and business and management, and for doctoral de-
grees were education, the social and behavioral sciences,
the life sciences, the physical sciences, and engineering
(NCES, 1987a).

The Pool of Potential Students and Workers

Between now and the year 2000, the U.S. population
willgrow more slowly than at any time since the 1930s, and
the merage age will increase to 36, six years older than the
averge at any time in the history of the nation. More women
will enter the work force. minorities will be a larger share
of new workers, and immigrants will represent the largest
share of the increase in the work force since World War 1.
In fact, native white men, constituting 47% of the 1985
labor force, will constitute only 15% of the new workers
between 1985 and 20(X) (BLS, 1987). If current trends con-

tinue, these projections indicate reduced numbers of both
college students and persons choosing mathematically
based occupations.

The traditional pool of college students, persons he-
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FIGURE 2.3 The pool of college students Is changing, 18- to

24-year-old population. SOURCE: Buireau of the Census
(HOC, 1986); see Appendix Table A2.2.

tween the ages of 18 and 24, is shrinking, and the fraction
of minorities in this shrinking pool is increasing. Minori-
ties have been less likely than majority whites to enroll in
college in the traditional age range of 18 to 24, but they are

slightly more likely to enroll as older students.
College enrollments are expected to decline through the

late 1980s and early 1990s for two reasons. First, the 18-
to 24-year-old group in the U.S. population peaked at 30
million in 1981, is now declining, will reach a low of 24
million in 1995, and then will climb back to about the 1970
level by the year 2000 (BOC, 1986). The decline will not
be uniform geographically but, in general, will take place
north and east of a line extending from northern Florida to
northern Idaho. South and west of that line, there will be
increases. Geographic mobility will thus complicate the
effects of the decline. Second, demographic and socioeco-
nomic projections predict a population that will have a
lower college attendance rate if current patterns persist
(Figure 2.2). The fraction of the total 18- to 24-year-old
population represented by blacks and Hispanics will in-
crease from 22% in 1985 to 27% 'n 20(X) and to 30% in
2010 (Figure 2.3), and these two groups have had a lower
college-attending rate than has the general population.

The possible decline in enrollments is expected to be
mitigated by two factors. Enrollments from the 25- to 34-
year-old group are expected to stay strong. The fraction of
this age group enrolled in education ha., approximately

13
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doubled from 1.6 million in 1970 to 3.2 million in 1985.
This age group constituted one-quarter of all enrollments
in 1985. The second factor is the growing enrollments of
foreign nationals. The number of these students unending
U.S. colleges and universities has increased by about 507
in the past ten years (NCES. 1987a).

In 1986 about one-third of the U.S. 18- to 24-year-olds
who were high school graduates were enrolled in college.
and this fraction represented about one of every four in the
total cohort of that age. The relationship between this
segment of the popukition and those enrolled in colleges
and universities is not direct. for. in recent years. while the
18- to 24-year-old population was decreasing. enrollments
in col eges and universities were increasing. However, the
group aged 18 to 24 still enrolls in college ai a rate more
than three times the rate for the group aged 25 to 34 and
remains the traditional and principal pool of college enrol-
lees.

Of those who do not attend college. some will drop out
of high school and others will graduate from high school
but not enroll in college. In 1985 high school dropouts con-
stituted 14% of 18- and 19-year-okis, This fraction was
higher for Hispanics and blacks but lower for whites
(Figure 2.4 ). Not only were blacks and Hispanics less
likely than whites to graduate from high school. but also
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H( ;UNE 2.4 Percent of 18- and 19-year-olds l4ho are high
school dropouts, h ethnic group. SOURCE: National
Center for Education Statistics (N(ES, 1987a).
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those who did graduate were less likely to enroll in college
(Figure 2,5 ).

College participation rates for 25- to 34-year-olds who
completed high school also showed a variation among
racial and ethnic groups. In this age group 8-10% of high
school graduates were enrolled in college. Blacks and
Hispanics were slightly more likely than whites to be
enrolled as older students.

Persistence in College Enrollment

Approximately 1 of 6 high school seniors persists
through four years of college in the traditional pattern. This
ratio is much lower for blacks ( I of 10) and for Hispanics
(1 of 15). Data describing persistence indicate which
students stay in the general education pipeline and. for
those who do not stay in the pipeline, when they exit.
Although persistence has been linked to degree attainment.
the results should be interpreted with some caution. Persis-
tence and traditional pattern here refer only to those who
enter a four-year college following high school graduation
and remain enrolled full-time. Several studies have shown
that the majority of students who earn a bachelor's degree
do dev iate ftom this traditional pattern of enrollment.
Delaying entrance. switching to part-time status. dropping
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HGURE 2.5 Enrollment in institutions of higher education
as a percent of high school graduates. SOURCE: National
Center for Education Statistics 1N(ES, 1987a).



out, taking a leave of absence, or transferring to a two-year
college are some of the many ways students might diverge.

A group of 1980 high school graduates was surveyed by
the U.S. Department of Education for six years following
high school graduation (NCES, 1989). Of those surveyed,
about one-third had never enrolled in postsecondary edu-
cation. Blacks and Hispanics were less likely to have
attended college: this tendency is also reflected in the
different enrollment rates of 18- to 24-year-olds. Another
one-third did start college. hut not in the traditional way.
Of the remaining one-thirdthose who did enroll full-
time in collegeabout one-half persisted through four
years of college, and three-fourths of these eventually
attained degrees. Whites (56% ) and Asians (61% ) were
more likely to persist after enrolling in college than were
blacks (44%) and Hispanics (42% ) (see Appendix Table
A2.8) At no one point in the four years of college were
students more likely to get off track. The lower persistence
rates for blacks and Hispanics reflected the cumulative
effect of fewer students continuing at each point (academic
year and summers) rather than high attrition at any one
identifiable stage ( NCES, 1989).

Shifting Interests of College Students

In the last 20 years student interest has shifted dramati-
cally among various college academic majors. This shill
has been monitored in three different ways: (11 surveys of
entering freshman on probable major and career, ( 21enroll-
ments in courseti by field. and (3) degree production by
field. Each of these measures points to similar trends.
Students are more interested in fields of study that are job
related, and of these job-related fields, the higher pa) ing
ones are more popular.

The proportion of entering freshman intending to major
in business, computer science, and engineering has in-
creased in the last 20 ears, w hile at the same time fresh-
man interest in the sciences, the humanities, education. and
mathematics has decreased. in some cases dramaticall).
The declining interest in education is an exception to the
general trend of the grow ing popularit of professional
fields: factors such as low salaries, poor w orking condi-

The U.S. Labor Force and Higher Education

tions, low esteem, and broader career options for women
have more than offset any increased interest in education.
According to the Cooperative Institutional Research Pro-
gram P), which conducts annual surveys of entering
college freshmen, career-related fields have gained in
popularity at the expense of virtually every field tradition-
ally associated with a liberal arts education. A comparison
of anticipated majors of college freshman with the distribu-
tion of baccalaureate degrees conferred confirms this shift-
ing of interests (Figure 2.6). There is a strong correlation
between the anticipated major and the general distribution
of degrees conferred, even though there is considerable
shifting of majors after students enter college.

The increased interest in marketable skills has raised
serious issues and basic questions about the purpose of
higher education that are beyond the scope of this report.
However, these issues do concern the mathematical sci-
ences because one aspect of the lack of interest in the
mathematical sciences is the more general lack of interest
in a traditional liberal arts education. The cutting issue
raised by Astin et I. in The American Freslunan: Twenty
Year Trends (CIRP. I 987b, pp. 26-27) and a host of others
concerned with higher education and its future is "whether
the higher educational community should adapt passively
to these 'market' trends in student expectations. or whether
the inherent dangers in such trends should he recognized
and curricula revised accordingly. Should colleges simpl)
phase out their programs in the humanities. cut hack on
their social science and education programs. and expand
their offerings in business and technology?"

Data on enrollments in courses by major field of stud
display the same general trends of shilling interest as do
data on the intended majors of freshmen, in spite of the
numerous changes in major made during college. Enroll-
ments and degree production b) field generally ha% e mir-
rored what students sa) the) are interested in as entering
freshman. In 1982 the most popular areas in terms of
enrollments by field w ere business and commerce abd
combined engineering and computer science. These three
fields accounted for one-third of all enrollments. The
number and the distribution of baccalaureate degrees
con(erred reflect the general enrollment patterns.
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From 1971 to 1985. the total number of bachelor's
degrees conferred increased IN, from about 840.0(X) to
979.0{.10. Business and management. computer and infor-

mation sciences. engineering, and the health sciences all

show ed remarkable and consistent increases in the number

of degrees conferred and also accounted for a larger share

of all degrees conferred. The number of education (-5(Ki

English (-47q ). mathematics (-39%), and social sciences

(-32(i degrees each declined precipitously. And fine arts,
the life sciences, physical sciences, and agriculture showed

either a mixed or a fairly constant production of bachelor's

degrees (Figure 2.61.

With the growing popularity of certain majors and the
loss of appeal of others, the distribution of bachelor's
degrees conferred has changed dramatically since the early

1970s. In 1985 the distribution of degrees conferred was

roughly 25- in business and management and 10(7( each in

the social sciences, engineering, education, and the hu-
manities. including English: the physical sciences, mathe-

matics, computer science, and the life sciences each ac-
counted for less than 5 percent of the degrees vonferred.

Natural Sciences and Engineering

The total production of natural sciences and engineer-

ing bachelor's degrees has grown steadil) in the last 25
years, hut there have been wide differences in the changes

in the various fields. The category natural sciences and
engineering includes the fields of physical, mathematical.
life. and Lomputer sciences and engineering hut does not

include the social sciences. Since the early 1970s, the
number of degrees awarded has grown eonsiderably in
engineering and computer sciences has remained relatively

constant in the ph) sical sciences. and has plunged in
mathematics. Aggregate data on science and engineering

degrees masks these important differences hem een the
sublields. A comparison of the total number of people in
the naturl sciences and engineering pipeline w ith degree
product! r at different le% ek in various fields highlights

some of these differenees.

In 1985 natural sciL hees and engineering degrees ac-

counted for 212.30o ot the 979,000 bachelor's degrees
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conferred. or about 22Gi . Trends in the production of
natural sciences and engineering degrees have lowed
the same general pattern described above.job-rclated
degrees have increased in the last 1010 15 years, and those

in the arts and sciences and not specifically job related have

either remained constant or have decreased.

For students continuing on to doctoral degrees, confer-

ral of a bachelor's degree can be viewed as a midpoint in

the educational process. From this viewpoint. the pipeline

begins seven to eight years earlier in high school. At this
critical stage students either take the requisite courses to

continue in the pipeline or they drop out of the science and

engineering track. At various points in the pipelines losses

occur, and students are not likely to return once they have

len. After the conferral of the bachelor's degree, seven to
eight years are required to complete work for the doctoral

degree for those who do continue.

The time required to educate a scientist or an engineer

can extend to at least 15 years from the time a student first

has some choice in the selection of courses in high school

to the awarding of the doctoral degree. As an illustration
of this lengthy and leaky process, consider the fact that ot'

,000 students v ho w ere high school sophomores in 1977.

onl) 2 w ill have continued in the pipeline to receive a
doctoral degree in science or engineering by 1992. Of
these I MOO high school sophomores, 180 were interested

in .cience or engineering as sophomores. hut by the time

they were seniors only 150 Were still interested. Only
more than half of these. 85. continued on to college

ith the intention of majoring in a science or engineering

field. Approximately 51 of these 85 recei ed a bachelor's
degree in a natural science or engineering field. Of those

ho received bachelor's degrees, about 15 continued on
for graduate works and 1 1 of the 15 received a masters
degree. Of these I 1 ho remained in the s)stem. 2 will
continue their studies to successfully complete a doctoral

degree ( NSF. 1987h).

Anal) sis of degree production for seled science and
engineering fields show s different patterns for the various

fields. The time elapsed from recei% ing the baccalaureate

to eannng the doctorate has recentl) lengthened shghtl)
and show s a \ ariance b) field. ranging from a low of 5.6
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years in 1970 for chemistry to a high of 11.9 years in 1986

for the health sciences. For most fields, the time to com-
plete a doctorate Liner receipt of a baccalaureate has been

between 6 and 8.5 years. For purposes of simplifying
analysis between fields, 7 years from receipt of the bacca-

laureate to receipt of the doctorate, 5 years from the
master's to the doctorate, and 2 years from the baccalaure-

ate to the master's are used below as averages for all fields.

The numbers of degrees conferred from 1971 to 1985 in

seleced fields for the three different levelsdoctorate,
master's, and baccalaureatewere analyzed to compare
attainment percentages from one degree level to a higher

level. Allowing for the lags of 1 5, and 7 years, the total
number of degrees at a higher level was divided by the total

number at a lower level to give an attainment percentage.

Those percentages are given in Table 2.1 (see Appendix
Tables A2.10 and A4.11 for more details). There is no
adjustment for entry into degree programs by students
from outside the United States, as there is none for U.S
students changing fields between degrees. Since about halt'

of the doctorates in engineering and in the mathematical
sciences are awarded to non-U.S. students, adjustments
recognizing this would significantly lower the analogous
attainment rates. Taken for one fiek1 alone, these rates are

not very meaningful, but comparisons between fields are of

interest. In the matheinatical sciences, since the numbers

of degrees awarded at all three levels have increased and

decreased togetherthat is, the lags have not been mean-
ingfulthe rates are less significant. However, compari-
sons between fields reveal more similarity between the
mathematical sciences and engineering than between the

mathematical sciences and the other sciences. And attain-

ment rates for advanced degrees are lower for the mathe-

matical sciences than are those for ali of the natural
sciences and engineering.

The Challenges and the Responsibility

The needs of the nation's labor force, th'; shrinking and

changing pool of workers, the shining interests of students,

and the projected shortages of scientists and engineers
provide a matrix of challenging numbers for U.S. higher
education. The major responsibility for meeting the chal-
lenges rests with the mathematical sciences component of

higher education, the subject of Chapters 3 and 4.

Mathematics has always been a major part of higher
education, but its fundamental role in society has expanded

significantly in recent years. The complex circumstances

in higher education and in the work force described above

have combined with equally complex circumstances within

the mathematical sciences to produce layers of formidable

and interconnected problems that must be solved to meet
the nation's needs for mathematically educated workers.

TABLE 2.1 Attainment rates of advanced degrees for selected fields, 1971 to 1985

Master's/Bachelor's
(2-year lag)

Doctoral/Master's
(5-year lag)

Doctoral/Bachelor's
(7-year lag)

All natural science
and engineering 22'.4 21(.4

Engineering 33'i
Life sciences 54'4 8'4
Physical sciences 15f4

15(4

Mathematical sciences 2 I 18(.4 4'4

SOURCES; National Uenter for Education Statistics (MIN 1987) and National Science Foundation OSSF, 198710.
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College and University Mathematical Sciences

College and university mathematical sciences constitute a vast and diverse
system that accounts for approximately 10% of all higher education.

The system is strong at the top but is weakening at all levels.

Precollege indicators predict mild improvements after a long decline.

The transition from high school to college mathematics is one of the most
troublesome in education.

Enrollments in mathematical sciences courses have doubled in the last
20 years, but the increases have all been at the lower levels, with remedial
enrollments leading the way.

Introduction

The academic mathematical sciences consist princi-
pally of mathematics and statistics. Also included are
programs labeled applied mathematics, many areas of
applied statistics, and the more mathematical parts of
operations research, mathematical biology, engineering,
and economics. The boundaries are by no means distinct.
For example, it would be very difficult to determine any
reasonably precise boundary between applied mathemat-
es and theoretical physics or between mathematics and

computer science. As recently as ten years ago, computer
science was frequently included in the mathematical sci-
ences, but that is no longer the ease. Academically, the
boundaries arc not important and in fact are better disre-
garded. However, for description, administration, and
policy, general boundaries need to be understood.

The diversity of the profession is illustrated by the large
number of professional organizations that ; ave an interest
in college and university mathematical sciences (see Box

3.1), and much of the information about the people in the
mathematical sciences comes from the professional or-
ganizations, in particular, the annual surveys conducted by
the American Mathematical Society (AMS) and the sur-
veys of the Conference Board of the Mathematical Sci-
ences (CBMS). Boxes 3.2 and 3.3 describe the nature of
these surveys.

College and university mathematical sciences in the
United States constitute a vast enterprise with serious and
diverse responsibilities that are critical to the welfare of the

nation and to the maintenance of at least the disciplines of
mathematics and statistics. There are mathematical sci-
ence programs in at least 2,500 institutions of higher
education, and these provide nearly 10% of all the teaching
in U.S. higher education and approximately 30% of the
teaching in the natural sciences and engineering. Each
term, approximately 3 million students are taught by ap-
proximately 50,000 teachers, about 27,500 of whom are
full-time, 14,500 are part-time, and 8,000 are graduate
assistants.

3 G
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Of the 2,500 institutions that have mathematical sci-
ences programs, about 1,000 are two-year institutions,
another 1,000 offer a bachelor's degree as their highest
mathematical sciences degree, nearly 300 offer master's

degrees as their highest degree, and nearly 2(X) offer a
doctoral degree in the mathematical sciences. (Most of the

institutions with master's and doctorate programs also
have a baccalaureate program.) Many of these graduate
institutions have departments and degree programs in each

of mathematics and statistics. Some also have separate
programs in applied mathematics or operations research.

In addition to these programs, many institutions have
programs closely related to the mathematical sciences in

other academic units, for example, biostatistics or biom-
etry in health science areas; operations research in engi-
neering; business statistics, management science, or econo-

metrics in business; statistics in social sciences; and mathe-

matics education in education (see Boxes 2.1 and 2.2 for a

breakdown of institutions by degree program for mathe-

matics and statistics).

Most of the institutions granting bachelor's degrees,
some granting master's degrees, and a few granting doc-
toral degrees have only one department in the mathemati-

cal sciences, and that department frequently houses a
program in computer science. In the two-year institutions,

the unit that contains the mathematical sciences may con-

tain other areas of science or technology.

The responsibilities of college and university mathe-
matical sciences are broader than those of any other aca-

demic area. These diverse responsibilities include provid-

ing courses for general education, service courses for other

disciplines, programs for middle and secondary school
mathematics teachers, and courses for elementary school

teachers; educating college and university mathematical
sciences facult: members, mathematical science research-

ers, and applied mathematical scientists: and nurturing the

continued development of the disciplines of mathematics

and statisti...s.

Strong at the Top

Mathematical sciences education and research at the
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highest levels in the United States are generally considered

to be the strongest in the world. This strength comes from

both the education of U.S. students as researchers and the

immigration of mathematical scientists into the United
States. The U.S. environment for mathematical research is

clearly one of the best in the world. But a major concern
of the mathematical sciences community, a concern that
has far-reaching consequences, is how to preserve this
strength. Edward E. Dav id, Jr., has summarized the current

situation as follows: "American mathematics is strong
way out of proportion to its numbers, way out of proportion

to its level of support today. But will it be able to sustain
and renew itself in the future? Unfortunately that problem
has not gone away. It is in fact more pressing than ever-

(AAAS, 1988b).
Winners of the Fields Medal, the world's most prestig-

ious award for research in mathematics, have often been

mathematicians from the United States. Awarded to out-
standing research mathematicians every four years since it

was established in 1936 by Professor J. C. Fields to
recognize existing work and the promise of future achieve-

ment, this monetary prize and medal usually go to mathe-

maticians who are less than 40 years old. Of the 30 winners

of the Fields Medal, 9 were born in the United States and

an additional 7 were affiliated with U.S. institutions at the
time they won the award.

Despite such positive indicators of the position of U.S.

mathematical sciences research in the world, several other

indicators have implications that are mixed or inconclu-
sive. Prestigious awards, increased collaboration, and
development of new fields are signs of the vitality and
strength of this enterprise, but the share of publications and

citations attributed to U.S. mathematicians has been stead-

ily dropping, in fact, dropping faster than that for any
recorded U.S. research field.

Scholarly productivity is probably more narrov.l and
rigidly defined in mathematics than in any other science
and engineering field. The productivity of research scien-

tists has been assessed by monitoring (1) the number of
articles published and (2 ) the number of times these art icles

are cited. In 1984. U.S. researchers produced 37'7( of the

world's research articles in mathematics. This compares to
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BOX 3.1 Professional Organizations

The seven general professional organizations whose primary interests are college and university mathematical
sciences are the following:

American Mathematical Association of Two-Year Colleges ( AM ATYC). Established in 1975, A MATYC's
interests are, as the name implies, the mathematics and professional issues in iwo-year colleges. A M ATYC cur-
rently has aPproxirnately 1,900 members.

American Mathematical Society (A MS). Established in 1888. AMS's interests have centered on research and
graduate study in mathematics. AMS currently has approximately 23,000 members.

American Statistical Association (ASA). Established in 1839, ASA's interest is general statistics, including
mathematical statistics and applications in various disciplines. ASA currently has approximately 15.000 mem-
bers.

Institute of Mathematical Statistics (IMS). Established in 1930, IMS's interest is mathematical statistics. IMS
currently has approximately 3,000 members.

Mathematical Association of America (MAA). Established in 1915, MAA 's interests have centered on issues
in undergraduate mathematics. MAA currently has approximately 27,0(X) members.

National Council of Teachers of Mathematics (NCTM). Established in 1920, NCTM interests have centered
on the teaching of mathematics, both at the college and precollege levels. NCTM has approximately 76,000
members, of whom about 38,000 are secondary school teachers and 3,000 are college faculty members.

Society for Industrial and Applied Mathematics (SIAM). Established in 1952, SIAM's interests have
centcrcd on research and applications of mathematics. SIAM currently has approximately 7,000 members.

There is overlap in the memberships of these professional societies. The four college and university mathe-
matics societies. AMATYC, AMS, MAA. and SIAM, have a combined membership of approximately 46,000
people. and the two statistical societies, ASA and IMS, have a combined membership of approximately 17,000
people.

In addition to these seven, there are other organizations that have specialized interests in college and univer-
sity mathematical sciences. These include the Assoc iation for Symbolic Logic ( ASL). the Association for Women
in Mathematics ( AWM ). the Biometric Society. the Econometric Society, the Fibonacci Association, the National
Association of Mathematicians (NAMe which is concerned with the interests of blacks in mathematics), the
Operations Research Society of America (ORSA ), the honorary society Pi Mu Epsilon, and The Institute of
Management Sciences (TIMS).

Four contederat ions of professional organizations have some of the above organizations as members. The Joint
Policy Board for Mathematics (JPBM ) represents the A MS, M AA, and SIAM. The Conference Board of the
Mathematical Sciences (CBMS) represents the following 15 professional societies: AMATYC. AMS, ASA,
ASL. AWM, 1MS, M AA, NAM, NCTM. SIAM. the Association of State Supervisors of Mathematics, thc
National Council of Supervisors of Mathematics, ORSA, the Society of Actuaries, and T1MS. The Council of
Scientific Society Presidents includes representatives from 33 organizations, including A M ATYC, AMS. CB MS,
MAA, NCTM, and SIAM. The Commission on Professionals in Science and Technclogy includes the AMS,
MAA. and SIAM in its membership of 16 professional societies.
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the 35% of all the world's scientific and technical articles

produced by U.S. scientkts and engineers. However. the
U.S. share of mathematics articles has dropped signifi-
cantly since 1973. when the share was 48%. The current

share. 37%, is below the lnalogous fractions for clinical
medicine (41%), earth and space sciences (41C7c), engi-

neering and technology development (40%). and biomedi-

cine (39%) and above those for biology (377c-), physics
(27% ). and chemistry (21%). The share for all these fields

has either dropped or is the same as in 1973, but the drop

for mathematics has been the largest.

This drop in the U.S. share of mathematics articles is
probably reflected in the growing percentage of references

in U.S. articles to articles from other countries. That

percentage increased from 16% in 1974 to 29% in 1984.
All othLr fi,!lds had analogous increases over this period.

but. again, the increase for mathematics was the largest.

Also, the influence of U.S. articles as measured by
citations in the world's literature dropped slightly between

1973 and 1982. Even though the drop was slight, a much

larger drop of 25% occurred in the rate at which U.S.
articles were cited in non-U.S. articles. The citation rate in

the world's literature was bolstered by a 23% increase in
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in Digest of Education Statistics (NCES. 1987h).
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the rate at which U.S. articles were cited in U.S. articles.

There is evidence that international collaboration and
university-industry collaboration are increasing in mathe-

matics research. University-industry coauthored papers.
as a percent of all industry mathematics papers, increased

from 28% in 1973 to 42e4 in 1984. Internationally coau-
thored papers. as a percent of all mathematics papers with

authors from more than one institution, increased from
34% in 1973 to 48% in 1984 (NSB, 1987).

MAW Precolfrge Indicators

While the achievements of U.S. research mathemati-
cians compare well internationally. as does the preparation

of top U.S. students, the achievements of most U.S. stu-
dents at the high school level do not. Recent international

comparisons of achievement test scores in precollege
mathematics place U.S. students well below those in coun-

tries that are now major economic competitors of the
United States. For example. in a 1981-1982 test of students

from 13 countries, the most able U.S. students taking the

test (the top 1 percent) scored the lowest in algebra among

the analogous cohorts of all 13 countries and among the
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lowest in calculus. The algebra achievement of the U.S.
top 5% was lower than that of the corresponding competi-

tors from all but one countly. The most able Japanese
students scored higher than their counterparts in the other

countries, and the average Japanese student outperformed

the top 5% of the U.S. students in college preparatory
mathematics (IAEEA, 1987).

Another more recent international assessment of mathe-

matics and science skills places U.S. students last in
mathematics performance overall among 13-year-old stu-
dents in five countries and four Canadian provinces. On
each of the six topics measured. U.S. students scored 10 to

20 percentage points below the top scorers. Yet when
asked if they were good at mathematics, two-thirds of the

American students felt they were, compared with one-

fourth of the South Korean students, who were the top
scorers (ETS, 1989).

Attitudes in the United States toward mathematics are

mixed, and there are continuing myths about both the
nature of mathematics and how one learns mathematics.
Many believe that mathematics is a static subject and that

success depends more on talent than on effort. Attitudes
reported by U.S. students in grades 8 and 12 (see Appen-

dix Table A3.1) reveal that almost two-thirds of U.S.
students at both grade levels think mathematics and its
subtopics are important. but only half of these students
have an ease with mathematics, and less than half like
mathematics. These attitudes toward mathematics at the
high school level translate to fewer college freshmen who

are interested in and prepared to pursue studies in mathe-
matics.

Students are not learning enough mathematics in high
school to prepare themselves for college-level courses or
for the future workplace. White males are still leaving high

school better prepared than either females or minority
group members; however, this gap has been closing in
recent years. The average number of I -year course credits

in mathematics completed by the high school seniors of
1982 w as 2.5. For males the average was 2.6: for females.

2.5: for whites. 2.6; for blacks. 2.4; for Hispanics. 2.2: for
Asians or Pacific Islanders. 3.1: and for Native Americans.
2.0. Half the students earned less than N. o credits in

Colle,qe and University Mathematical Sciences

college preparatory courses (which include algebra 1, 2,
and 3: geometry; trigonometry: analytic geometry; linear
algebra; probability and statistics; and calculus). Nearly 1
in 20 earned less than one mathematics credit (NCES,
1985). Those students who plan to get a bachelor's degree

do take more mathematics credits (3.1) than does the
average high school graduate, and almost 90% of college

freshmen have taken at least three years of mathematics.

Mathematics preparation in high school is a major
factor in determining how well students perform on college

achievement tests. After a general decline in the 1970s and

early 1980s, average mathematics scores for the Scholastic

Aptitude Test (SAT) have risen slightly and for the Ameri-

can College Testing (ACT) have leveled off in recent years

(see Figures 3.1 and 3.21. Scores showing both gender and

ethnic and racial differences have fueled the controversy
over whether the tests are biased against women and
minorities. Males have consistently scored higher than
females by about 50 points on the mathematics section of
the SAT for the last two decadesnathematics scores for
blacks and Hispanics showed steady improvement during
this same period but were below the national average (see
Appendix Table A3.2).

The reversal of the steady slide in mathematics scores is

cause for some optimism, but the improvements are not
substantial enough. Students are still not well prepared for

higher-level mathematics courses, and according to the
National Assessment of Educational Progress (NAEP). the

progress that has been made is in lower-level skills. The

NAEP has measured achievement in mathematics by U.S.

students of ages 9. 13, and 17 in 1978, 1982, and 1986 and

has extrapolated the assessment back to 1973 from previ-

ous NAEP analyses (see Appendix Table A3.4 ). The high-

lighted summar, from the 1986 report includes the follow-
ing ( ETS, 1988):

Recent national trends in mathematics perform-

ance are somewhat encouraging. particularly for stu-

dents at ages 9 and I '7. Subpopulations of students

who performed comparatively poorly in past assess-

ments have show n significant Unprovement in aver-

age proficiency since 1978: at all three ages I 9. 13.
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and 171, black and Hispanic students made appre-
ciable gains, as did students living in the Southeast.

While average perfuemance has improved since
1978, the gains have been confined primarily to
lower-order skills. The highest level of performance
attained by any substantial proportion of students in
1986 reflects only moderately complex skills and
understandings. Most students, even at age 17, do
not possess the breadth and depth of mathematics
proficiency needed for advanced study in secondary

school mathematics.

The lack of improvement in precollege mathematics
preparation and the increased enrollments in college mathe-
matics courses have led to difficulty for students in meeting
the expectations of traditional college courses. This has
resulted in fundamental and extensive changes in college
and university mathematics.

Troublesome Transitions from High School to College

In general, there appears to be a mismatch between the
articulated expectations of colleges and universities and
the preparation of entering freshmen. Colleges and univer-
sities have not clearly articulated and enforced standards
and have tried to accommodate extremely diverse back-
grounds. A high school graduate, regardless of courses
taken, can usually find a place in some college or univer-
sity. This clash between expectation and preparation is
evident in public and private statements anu in the growing
overlap between material covered in college courses and
that covered in high school courses. In no discipline is this
more apparent than it is in mathematics. Several authors
and studies have addressed this issue, and problem resolu-
tion is generally considered a shared responsibility as
reflected in the following selected positions (CA R N. 1983.

pp. 7-9):

Right now, the colleges are genuine in their feel-
ings that too many students are not adequately pre-
pared for higher education. On the other hand, if the
colleges had a modicum of conscience they must
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know that their own shift in standards and require-
ments had something to do with the situation that
faces the schools today.

The fact is that across the board, not just at com-
munity colleges, college entrance requirements place
little, and in some cases no, emphasis in the substan-
tive content of what high school students should
have mastered as the necessary prerequisite to col-
lege study. There is no common body of knowledge,
no specific set of intellectual skills against which
students can measure their own readiness or on
which colleges can base admission and placement
decisions.

3urprisingly, the courses a student takes are not
important in getting into most colleges although they
may be critical to success once a student is there.
Half the colleges set no specific course requirements

at all and only about one-fourth consider courses the
students took in making the decision for or against
admission. When specific courses are identified, the
most frequently required courses are English (the
usual requirement being four years), mathematics
(two years is the average requirement) and the physi-

cal sciences (one year).

The transition from high school to college mathematics
is especially troublesome for many students and institu-
tions. Students enter college with widely varying levels of

mathematical preparation: some are not competent in
computation at a sixth grade level, and others have taken
calculus in high school. Initial place: tent in college
mathematics is complicated by this imbalance in the prepa-
ration of students and the several possible entry points for
beginning students. Students begin mathematics in col-
leges with courses ranging from arithmetic to courses that
assume mastery of calculus. It is not difficult to describe
a dozen or so possible first courses within this range, and
many institutions have as many as a half-dozen entry
courses.

Placement programs have become more common and
sophisticated over the past decade. In the mid-1970s the
Mathematical Association of America (MAA) began its
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BOX 3.2 AMS-MAA Survey Reports

The American Mathematical Society (AMS) has sponsored and conducted surveys of college and university
mathematics programs and departments each year since 1957. and was joined in sponsorship by the Mathematical
Association of America (MAA) in 1987. These surveys, initially coveting only salaries, have expanded to include
course enrollments; numbers and characteristics of faculty members; numbers, employment, and characteristics
of new doctoral degree holders; faculty mobility; and nonacademic employment. The AMS-MAA survey reports
are published annually in the Notices of the American Mathematical Society (AMS, 1976 to 1988).

The survey population of the AMS-MAA surveys is partitioned by degrees awarded in the mathematical
sciences into groups as follows:

Groups I, II, and HI: These are departments that offer doctoral degrees in mathematics and that have been
placed into one of three categories by their ranks in a 1982 assessment of research-doctorate programs in
mathematics by the Conference Board of Associated Research Councils. Group I consists of the 39 top-ranked
programs (those with an assessment rating between 3.0 and 5.0); Group II, the next 43 (those with a rating trom
2.0 to 2.9); and Group III, the remaining 73 programs. It should be noted that many of the departments that offer
these doctoral programs in mathematics contain programs in other areas of the mathematical sciences, most notably
in statistics; and almost all have bachelor's and master's degree programs in mathematics. The A MS-MAA survey
results cover all mathematical sciences programs in these departments, not just the doctoral programs in
mathematics.

Group IV: This group consists of 69 departments (or programs) statistics, biostatistics. or biometrics that
offer a doctoral program.

Group V: This group consists of 57 departments (or programs) in applied mathematics, applied science.
operations research, or management science that offer a doctoral program.

Group VI: This group consists of 28 Canadian departments (or programs) that offer a doctoral program.
Group M: This group consists of 273 departments in the mathematical sciences granting a master's degree

as the highest degree. Most of these offer bachelor's degree programs, too.
Group B: This group consists of 950 departments in the mathematical sciences granting a bachelor's degree

as the highest degree.

It is noted that some parts of the AMS-MAA surveys have included Canadian institutions, and some of the
AMS-MAA survey results include counts of Canadian degrees. which usually amount to 6-8e4 of the total of U.S.

and Canadian degrees. Because the intent of this report is to describe the circumstances in U.S.institutions, the
Canadian data are not included, when feasible.

Although programs in two-year colleges have not been included in recent AMS-MAA surveys, they were
included in surveys conducted from 1977 to 1980.
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Placement Test Program, which produces packages of tests
for use in placing students in the initial college mathemat-
ics course. Scores on placement tests. SAT or ACT scores.
the high school record, the college major, and student
attitudes are variables that are used to determine initial
placement. Some institutions have compulsory placement.
but most are advisory. The following summary of the
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preparation of college freshmen in New Jersey demon-
strates the magnitude of the placement problem and the
challenge it presents to institutions (CARN, 1983. p. I 2):

In New Jersey. all freshmen entering public col-
leges and universities are tested in basic skills. Of the
approximately 30.000 students who took the tests in

BOX 3.3 CBMS Surveys

The Conference Board of the Mathematical Sciences (CBMS ) has sponsored five surveys of undergraduate

programs in the mathematical and computer sciences. one every five years beginning in 1965. The surveys have
sampled programs in universities. four-year colleges, and two-year colleges to project total enrollments in various

courses and the numbers, responsibilities, and characteristics of faculty members. In the 1985 survey, computer
science programs were treated separa ,ly, and attempts were made to separate the data on computer science pro-
grams that are located in mathematical sciences departments. Recent surveys have also asked for opinions on

issues judged to be important by departments.
The 1985-1986 CBMS Survey population is based on the 1982 NCES classification of 157 universities (95

public and 62 private). 427 public four-year colleges. 839 private four-year colleges, and 1,040 two-year colleges.

In this system of classification, universities are institutions that place considerable emphasis on graduate
instruction. There were 156 institutions so classified in 1986. This group of institutions has a large overlap with
the 155 institutions that offer doctoral degrees in mathematics. This latter group is used as a subpopulation in the
AMS-MAA surveys, and for most purposes, assuming that these groups are the same causes no difficulty.

Many departments in the mathematical sciences contain programs in various areas: mathematics, applied
mathematics. statistics, computer science. operations research. and others. Separate data on computer science were
not commonly available until about 1980. In this report an attempt is made to separate the descriptive data into

at least that for mathematics and that for statistics and to omit the data on computer science except as it affects

mathematics and statistics.
The 1985-1986 CBMS Survey usihl the term "mathematics department" when reterring to the unit in the

mathematical sciences in an institution that might or might not have separate statistics or computer science depart-
ments. This "mathematics department" might have programs in all three areasmathematics, statistics, and
computer scienceand in other areas. The CBMS survey population indicates that among the 157 universities.

40 have separate statistics departments and 105 have separate computer science departments. Among the 1.265
four-year colleges. 291 have separately surveyed computer science departments and only 5 have separately
surveyed statistics departments. Very few of the I ,040 two-year colleges have separate units in either computer
science or statistics. This indicates that most departmental units in the mathematical sciences teach the three
disciplines of mathematics, statistics, and computer science. Of course. as the ASA list of statistics programs
indicates, programs in statistics occur in several differnt units in colleges and universities, and many of these are
not in the CBMS survey population. Similar circumstances exist in academic programs in computer sciencie.

A r
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BOX 3.4 Minorities and Women

Fewer blacks. Hispanics. and women study mathematics and choose mathematically based careers than one

would expect from their fraction of the total population. Asian-Americans choose mathematically based careers
at rates higher than one would expect from their fraction of the total population. The number of Native Americans

choosing such careers is Amy small, but the rate nearly equals the fraction this group forms of the total U.S.
popu lat ion .

The low numbers of blacks and Hispanics hold throughout the systemat all levels of the educational pipeline

and in the workplace. The loss of women is more acute at the higher levels of the educational pipeline and in the

workplace. These circumstances are well documented in the literature and by the data given in this report (see
Chapter 4), hut the low numbers are not described repeatedly for each group or educational activity. Instead.
unusual patterns and significant situations pertaining to minorities and women are pointed out.

Since this report is principally descriptive, no recommendations for increasing these low numbers are offered.

The issue is articulated and some samples of intervention programs are described in Boxes 3.5 to 3.8. The data

indicate clearly the seriousness of these circumstances and the consequences of continuing the current patterns.

198 I only 38 percent were fully profi ient in corn-
putat ion at a sixth grade level. and 35 percent failed

to demonstnue competency at this minimal level.
Most discouraging of all. even the 7.000 students
who had taken college preparatory courses in mathe-

mat icsa Igebra. geometry. and advanced algebra-

did poorly. Only 4 percent of these were judged fully

proficient in algebra and nearly two-thirds failed that

portion oldie test. Results for the test of verbal skills

were hardly more encouraging. Of all the students
who took the tests. 28 percent were rated as profi-
cient. about 44 percent were lacking in one area

( reading. ocahular grammar. w riling ) or another.

and 28 percent failed in all a: eas.

Adequate preparation in mathematics in high school has

been said to be the greatest single ticket to admission to and

success ill science and engineering careers. On the other

hand. inadequate preparation in mathematic restricts major
career choices and complicates an alryad difficult transi-
tion. There is evidence that this transition nia cause man
students to drop Mil of t he pipeline tow ard mathematically.

hased careers. On,. stmly (1972 to 1979)
showed that tw 0 of three students who were in the science

and engineering pipeline at the end of the twelfth grade.
that is. according to their planned college major. had
dropped out of that pipeline by the junior year of college
(NAS. 1987a1. For blacks, the loss amounted to three of
four students. and for Hispanics. seven of eight. Box 3.4
describes the general situation that exists concerning par-

ticipation by minorities and women in the mathematical
sciences. If mathematics is the ticket to success, then in an

increasingly technological world, lack of it w ill be a stamp
of exclusion. Efforts are heing made to reverse this
situation through intervention 1--,granis (see Boxes 3.5 to
3.8 ).

The dual nature of mathematics. which is both an
academic et mipetency and an academic subject. pros ides

students w ith tools and concepts. The tools are necessary

to capture a problem from any field in the proper quantita-
tiY e terms: the concepts are hat make mathematics an

exciting discipline, and their master is a mark of an
educated person. Thus -students need to he exposed to
both faces of mathematics. They need to see that mathe-
matics as all acadenlic subject both depends on and strength-

ens mathematics as an academie competenc : the content

of the two aspects of mathematics should he in harnion
WITH. 1 985a. p. 15).

4 4
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Mathematics is a subject that buiids on past knowledge.
and further study in the field requires mastery of certain
academic competencies. In addition to shariag forward
logical progression with the other sciences, mathematics is
unique in that once a student learns material in mathemat-
ics, it is assumed that that knowledge is retained forever.
Thus it is very important that standards and expectations be
uniform throughout the system and that there be no signifi-
cant changes in the transitions from one typc of school to
another.

Remediation in College

The difficult transition from high school to college has
affected students' attitudes about the role of college. In

general. there appears to be a growing reliance on college
to improve basic skills. More than 40% of entering
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freshmen in 1985 reported that an important reason for
their attending college was to improve their reading ability
and study skills; 70% said they were going to college to be
able to make more money (C1RP, I 987b).

Feelings of being ill-prepared for college mathematics
and reliance on remedial courses have been increasing
among students. Almost one in ten (9% ) entering freshman
have already had some type of special tutoring or remedial
work in mathematics. This percentage is much higher than
that for any of the other fields; the next highest are for
English (6%) and reading (5%). Additionally. a full one-
fourth (25%) of all entering freshmen anticipated that they
will need special tutoring or remedial help in mathematics,
more than twice as many as those that predicted they will
need help in English (12%). science (9%). reading (5%). or
some other field. Although the same proportion of men as
women reports past remediation or tutoring in mathemat-

BOX 3.S Intervention Programs

Special programs in science, engineering, and mathematics are offered to encourage study by women and non-
Asian minorities. The indications are that some of these intervention programs do work. Some of the key
characteristics of academic-based intervention programs include the following (AAAS, 1984, p. 15):

Academic component focused on enrichment rather than remediation;
Highly competent teachers;
Emphasis on applications and careers rather than on theory;
Integrative approach to teaching;
Multiyear involvement with students;
Strong leadership:
Stable, long-term funding base;
Recruitment of participants;
University, industry, and school cooperative program;
Opportunities for in-school and out-of-school learning experiences;
Parental involvement and community support;
Specific attention to removing educational inequities;
Development of peer support systems;
Role models;
Student commitment to "hard work";
Evaluation, long-term follow-up, and careful data collection; and
"Mainstreaming" ot' program elements into the institutional programs.



ics. more women (27%) than men (22c% ) anticipated that

they will need further special tutoring or remedial help
1987b).

Not only do students anticipate that they will need
remedial courses. but they do also in fact enroll in these
courses. As many as one-fourth of all college freshmen are

taking remedial courses in mathematics (BOC. 1988a).
Enrollments in certain remedial coursesarithmetic, high
school algebra and geometry. and general mathematics
have climbed steadily and steeply since the 1960s. much

more so than enrollments in other mathematics courses
(Figure 3.3). More students are needing and taking high-
school-level mathematics courses in college. raising the
much-discussed question: Should students expect to par-

ticipate in higher education without the requisite back-
ground. and to what extent should colleges and universities

try to accommodate these students? Those students ca-
pable of entering college should be provided with as much

preparation in mathematics as possible before leaving high

school. but many such students are not (CEEB. 1985a).
The current wisdom is that all students should study
mathematics on an academic track each year during high

school (NRC. 1989).
Remedial courses. tutoring, and other supplements to

normal college-level instruction became commonplace in

colleges and universities during the period from 1970 to
1985. Today almost all two-year and four-year colleges
offer remedial instruction or tutoring. In mathematics.
remedial instruction increased dramatically from 1970 to
1985. with the expansion slowing down from 1980 (0 1985.

There are signs that the trend may be reversing, both in
philosophy and practice.

In fall 1970. college enrollments in remedial courses
constituted 33'i of the mathematical sciences enrollments

in two-year colleges and by 1985 had increased to 47':i . In

four-year colleges and universities. remedial enrollments
constituted 9'4 of the mathematical sciences enrollments

in 1970 and had increased to 15'i b% 1985. For fall 1985.

these percentages translate to nearly three-fourths of a
million enrollments----251.000 in four-year institutions
and 482,000 in two-year institutions. The need for reme-
dial instruction was ranked as the most serious Problem in

College and Universitry Mathematical &Imes

BOX 3.6 The Texas Prefreshman Engineering
Program

The Texas Prefreshman Engineering Program
(TexPREP) was started in 1986 as a statewide expan-
sion of the successful San Antonio PREP program,
begun in 1979 by Manuel P. Berriozabal. The
purpose of TexPREP is to identify potential future
scientists and engineers by identifying high school
and middle school students of high ability and to
provide these students with academic reenforcement
to pursue science and engineering fields. The pro-
gram operates at seven different locations through-
out Texas.

Of the 2,000 students who have participated in
TexPREP, more than three-quarters have been mi-
nority students and half have been women. Of those
participants who are college-age, most (88%) plan to
attend college or have graduated from college. A
large share (68%) of TexPREP graduates major in
science or engineering fields. TexPREP has a strong
academic component, with courses in logic, algebra.
engineering, computer science, physics, and techni-
cal writing. Other activities include field trips, guest
speakers, and practice SAT examinations.

SOURCE: Information supplied by Manuel P. Ber-
riozabal, University of Texas at San Antonio.

two-) ear mathematical sciences programs in the 1980
CBMS Survey and was still top-rated. along with the need

to use temporary faculty for instruction, in the 1985 survey

(CBMS. 1987). Departments in four-year colleges and
universities rated remedial ion as a problem at a level that

corresponded to the amount of remedial teaching required.

Remedii. ..m was rated as a major problem by 39'; of
universities. by 66q of four-year public colleges. and by
45'4 of four-year private colleges. No responding ytatistics

department rated remediadon as a major problem (CBMS.

1987).
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Remedial courses for most students are not cimsidered

to be preparatory for a mathematics-based college curricu-

lum anti are at best repeats of material usually taught in
high school. There is little evidence of a significant etThct

on the supply of talented people in the pipeline aside from

the knowledge and skills obtained through the content of
these specific courses. Reversing an earlier pattern of low

achievement in mathematics is too difficult for normal
rewdial programs. Mere repetition of material frequently
results in duplication of previous failures to learn the
necessary concepts ( NRC. 19891.

Service Course.%

In the 20 years from 1965 to 1985, total mathematical
sciences enrollments in colleges and unix ersities approxi-

mately doubled, increasing from 1.5 million per term to al-

most 3 million t Figure 3.4a). This included undergraduate
and graduote enrollments in two-year and four-year insti-

tutions. 1. Indergraduate mathematics enrollments in four-

year colleges and universities increased by more than 60ci

rising from about 1 million in 1965 to 1.6 million in 1985
(Figure 3.4c), while two-year college mathematics enroll-
ments almost tripled, rising from 350,000 to slightly ov er

1 million (Figure 3.4d). In addition to remedial enroll-
ments. there were large enrollments in service courses for

other disciplines and in courses for general education. Ap-
proximately halt' of all enrollments w ere in courses below

the level of calculus and half were in courses at or above

that level. For all enrollments. including those in t o-year

colleges, about two-thirds were below the le\ el of calculus

and one-third w ere at or above that level.

The two-year college data included enrollments in
mathematics, statistic.. and some computing and data
processing t Figure ;.4d). The large increases w ere almost

all in remedial enrollments (accounting for wad> half the
1985 total ) and in "other,- w hich consists primaril of
specialired vocational courses, many of which are called

technical mathematic.. These courses generall> have a
low -ley el content, sonic being arithmetic-based and some

being algebra-base 1.

The increases in undergraduate matheim tics enroll-

3(1

huh Enrollments

College Algebra
and Trigonometr)

High School Algebra
and Geometry

Arithinet ic/General
Ntathemalics

50Ci l 00'; I 50(.i 200'i 150',;

FIGURE 3.3 Percent increase in enrollments in selected

mathematics courses in r-Ileges and unhersities. 1965 to
1985. SOURCE: Conference Board of the Mathematical
Sciences (CBMS, 1987).

ments in fimr-year colleges and universities w ere in reme-

dial, precalculus, and calculus-level courses. The calculus

enrollments shown in Figure 3.4 include those in differen-

tial equations and in linear algebra. Advanced course

enrollments, those above the level of calculus. hay e in-
creased only slightly, with much ot' the increase having
occurred since I 980.

Most students who stud the mathematical sciences in
colleges and universities for general educational purposes

enroll in courses that are designed to serve particular needs

in various curricula that use mathematics. Among these
courses are ones in college algebra and trigonometr , finite

mathematics, calculus, statistics, and liberal arts mathe-

matics. Onl the liberal arts mathematics course. and
possibl) the statistics course, are likel to have been
designed with the general education of the student in mind.

Enrollments in liberal arts mathematics courses peaked

in 1975 at 175,000 and have dropped dramaticall since
then. to 70,0(10 in 1985 WRMS, 198'4 Enrollments in
elementary probability and statistics courses increased
significantl from 126,00(1 in 1975 to 180,000 in 1985.
.Additionall, computer science courses became generally
ay ailable and popular in the I 970s. Since many such

courses have no college mathematics course as a prerequi-

site, these are likely alternatives to mathematics courses for

gcheral education. Enrollments in elementary computer
science courses %%ere est iniated at more than 250.000 in fall

1980 and at ov er 4(41,00(1in fall I 985 (CBMS, 1987).



Mathematical sciences departments provide "hard"
serv ice courses t'or many college curricula, most notably in
the traditional areas of the physical sciences and engineer-

ing. "Hard" service courses are those with specified
content that will be needed in students' later studies, as
opposed to "sole' courses, which have few or no restric-
tions on content. "Hard" service courses with large enroll-
ments have become much more common in recent years for
students in business, the social sciences, the life sciences,
and preprofessional curricula.

One critical serv ice course area provided by mathemati-
cal science departments is for students in teacher education
programs. These students include prospective secondary
school mathematics teachers (see Chapters 4 and 5) and
prospective elementary school teachers. The courses that
prospective secondary school mathematics teachers take
range from college algebra through c.dvanced undergradu-

ate cc requirements vary widely across the vountry.
Prospective elementary school teachers are likely. to take
one or two mathematics courses especially designed for
tvtem, hut most do not take any other college-level mathe-
matics courses (OTA, 1988h, p. 65).

Survey data on courses taken by college students from
1980 to 1984 indicate that an average college graduate
hikes 8.4 semester hours of mathematics, which translates
to betwee,. two and three mathematics courses in college
for the average bachelor's degree holder. The range
includes a high ( for nonmathematics majc rs ) of 21 hours
( or about six to seven courses) for computer science majors
and a low or 2 hours ( less than one course) for fine arts and
English majors. Although definitive data are not 10,

there are indications that the amount of mathematics stud-
ied by college students has increased in the past decade (see
Appendix Table A3.7 ).

The fraction of college students who take mathematics
courses and their success in those Courses compared to
their other courses give an indication of the difficulty
students have with mathematics. To determine course-
tak ing patterns, the Department of Education conducted a
national longitudinal studs based on an analysis of the-
college transcripts of 1972 high school graduates who
attended college. A significant share. two of five, took no

College and Universuy Malhemalical Seiowes

mathematics courses at all in college. and another one of
five took only one course, that is, one to three credits in
mathematics, (Even though these data are old, more recent
data are neither available nor expected until 1992.) Stu-
dents found mathematics courses difficult as evidenced by
lower grade point averages (GPAs) in mathematics courses

BOX 3.7 Professional Development Program

The Professional Development Program (PDP) at
the University of California, Berkeley, houses the
Charles A. Dana Center for Innovat ion in Mathemat-

ics and Science Education, which is directed by
Philip Uri Treisman. The Dana Center program pro-
motes achievement in mathematics courses for
minorities by providing an environment where stu-
dents can learn and by fostering productive study
habits. The study group approach, modeled on /V'
study groups, incorporates many of the key charac-
teristics of successful intervention programs: high
expectations of competence, a strong academic
component, capable and appropriate instruction, co-
operative learning, and commitment from students.
A critical feature is an assumption of competence,
the Dana Center program being regarded as an hon-
ors program as opposed to a remedial one.

This program has been associated not only with
successful completion of calculus courses by more
of the minority students who participate, but also
with high retention and graduation rates. The pro-
gram has been expanded to include other California
universities, and Treisman is currently working on a
high school program in mathematics for minorities.

SOURCE: A MS Notices, "Research Mathematics
in Mathematics Education," Volume 35. Number 8,
October 1988. American Mathematical Society,
Providence, R.I., pp. 1123-1131.
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than in other courses. Only about 10% had an overall GPA
of less than 2 (on a scale of 4), but for mathematics courses
35% had a GPA of less than 2; half had overall GPAs
between 2 and 3, but only one-third fell in this range for
mathematics courses; and 35% of students in the sample
had GPAs at the top end of the range, between 3 and 4, but
only 29% fell within this range for mathematics courses.

Mathematics as an Academic Competency and Subject

As stated above, mathematics is both an academic
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competenc; and an academic subject. In recent years, the
demand for mathematics as a competencyin service
courseshas increased drametically. At the same time,
the number of students choosing mathematics as a major
has decreased, creating, among other things, an increasing
demand for mathematics teaching and a decreasing supply
of mathematics teachers. Chapters 4 and 5 give data on
majors in mathematics and statistics and on the utilization
of these majors in the workplace. Teachers, for both school
and college, will be a principal subject because of the
increasing demand for mathematics education.
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FIGURE 3.4 Undergraduate enrollments in mathematical sciences departments at U.S. colleges and universities. (a) Total,
1965 to / 985; (b) in statistks, 1960 to 1985; (c) in four-year colleges and universities, 1960 to 1985; and (d) in two-year colleges,

1966 to 1985. SOURCE; Conference Board of the Mathematical Sciences (CBMS, 1987).
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BOX 3.8 The Mathematics, Engineering, Science Achievement Program

The Mathematics, Engineering, Science Achievement (MESA) Program was established with the goal of
increasing the number of black, Hispanic, and Native American students completing bachelor's degrees in
California in the fields of mathematics, science, or engineering. Begun in 1970. the program is based at Lawrence
Hall of Science in Berkeley, California, and operates under the auspices of the University of California at Berkeley.
Because of its success in recruiting and training minority students at the junior high, high school, and undergraduate
levels for science and engineering degrees, the MESA program in California has served as a model for other states.

Internships, field trips, incentive awards, counseling, freshman orientation and guidance, financial aid and
scholarships, and student study groups are some of the activities provided by the program. Students are encour-
aged through MESA ' s Pre-College Program to take preparatory classes in mathematics and science in junior and
senior high school. These courses, although usually optional for students, are critical to their remaining in the
science and engineering pipeline. Most of the high school graduates participating in MESA have pursued
mathematics-based majors. The retention rates in college of MESA participants are considerably hielc: than those
for nonparticipants.

SOURCE: Office of Technology Assessment, Educating Scientists and Engineers: Grade School to Grad School,
p. 39 (OTA. 1988a).

33

:
, .1



11 Majors in Mathematics and Statistics

Attrition from the mathematical sciences pipeline is approximately half per
year after the ninth grade.

The number of degrees awarded annually at each of the three degree levels
increased sharply after 1960, peaked in 1970, and then declined sharply to about
the mid-1960s level and about the average levels of the past 40 years.

Many students decide to major in mathematics after entering college, and the
circumstances in graduate and undergraduate programs are closely connected,
being simultaneously subject to the same forces.

Relatively few women, blacks, and Hispanics receive degrees in the mathematical
sciences, especially at the graduate level.

Graduate students, nearly one-half Jf whom are not U.S. citizens, are mostly
supported by teaching assistantships.

Intrmluciion

The prebaccalaureate "pipeline" population in mathe-
matics and statistics is elusive as students move in and out
of degree programs. The attrition rate for this population
is certainly not unifoim from year to year, but, for recent
years, assuming an attrition rate of 50% per year from the
ninth grade onward gives surprisingly close estimates of
the actual number of bachelor's, master's, and doctoral
degrees awarded in mathematics and statistics (Figure
4.1).

As indicated in Figure 4.1. in 1972 there were approxi-
mately 3.6 million U.S. students in the ninth grade. An
attrition rate of 50% per year yields about 225,0(X) college
freshmen in 1976. An attrition of 50% in each of the next
four years of college yields about 14,000. approximately
the number of bachelor's degrees awarded in mathematics
and statistics in 1980. (The actual number reported for
1980 was 11.000 ( NCES. 1988a). but this figure was near
the minimum reported since 1960 and has increased since.)

Halving twice more on the wr.: to the master's degree
yields 3,500 degrees (there were 2,7(X) reported in 1982),
and three more halvings yield 437 doctoral degrees in
1985, which closely approximates the 400 U.S. citizens
who received doctorates in 1986. (It is noted that the
assumption of five years from the baccalaureate to the
doctorate in the model is short of the average of six years
of registration, and there are no adjustments for non-U.S.
students below the doctoral level.)

The losses of mathematical talent are not evenly distrib-
uted among racial and ethnic groups or the sexes. At each
critical juncture in the pipeline more women and minority
students drop out than do white males. In the eighth grade
the mix of students is roughly equal to their representation
in the population. Fifteen years later this representation is
highly skewed in favor of non-Hispanic white males. with
78% of doctoral degrees being earned by 42% of the
population (Figure 4.2). The highest losses in the pipeline
occur among blacks and Hispanics, two segments of the
population that are increasing.

5
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FIGURE 4.1 Students in the mathematical sciences pipe-
lineabout half are lost each year. SOURCES: National
Center for Education Statistics (NCES, 1987a), Cooperative
Institutional Research Program (CIRP, 1987b), and Ameri-
can Mathematical Society (AMS, 1986 to 1988).

The numbers of mathematical sciences degrees awarded
annually to U.S. citizens and others at the bachelor's,
master's, and doctoral levels have shown similar patterns
since 1950 (Figure 4.3). Steep increases occurred from the
mid-1950s to peak production in the early 1970s. Equally
steep decreases then occurred until the early 1980s. and
moderate increases have occurred since. Although similar
patterns exist in other areas of science and engineering, the
numbers of mathematical sciences degrees have been the
slowest to rebound from the declines of the 1970s and early
1980s, and degree production is still very low even when
compared to that for the other sciences and for engineering.
Current numbers of degrees awarded annually are approxi-
mately the same as those for the early 1960s and very near
the averages for the past 40 years: 15,000 bachelor's
degrees, 3,000 master's degrees, and 800 doctoral degrees.
These numbers are each 40-45% lower than the analogous
numbers for peak production in the early 1970s. This
supply appears to be slightly short of current demand, and
significantly higher demands at all three levels are pro-
jected.

The composition of the population of degree recipients
has changed over the past 15 years. The most dramatic
change has been in the new-doctoral-degree population, in
which the fraction of U.S. citizens has tumbled from four-
fifths to less than one-half. The other significant change
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has been in the representation of women among degree
holders, particularly at the baccalaureate level. The per-
centage of women among the annual recipients of bache-
lor's degrees has increased steadily so that current levels
almost represent parity, This is not the case, however, at
the master's degree and doctoral degree levels.

Recent increases in the number of bachelor's degree ;
appear to be fueled by students changing to a major in
mathematics after entering college, since the number of en-
tering freshmen expressing an intent to major in mathemat-
ics remains very low, at less than 1%. Consequently, pro-
jections of future numbers of degrees based on the current
number of planned majors are tentative. That current num-

',-
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Grade Grade a
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M.S.
Muter's " Doctorate "

a High school record indicates possible choice of mathematics
as a college major

b Degrees in mathematics

FIGURE 4.2 A representation of U.S. students in the mathe-
matics pipeline. SOURCES: Bureau of the Census (BOC,
1982 and 1)86), National Center for Education Statistics
(NCES, 1987a), and American Mathematical Society ( AMS,

1986 to 1988).
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ber does not predict significant increases in degree produc-
tion in the near future (Figure 4.4).

There is also a striking similarity in the trends in the
numbers of degrees awarded at the three levels in that no
noticeable phase lag exists from bachelor's to master's to
doctoral degrees. This suggests that the attitudes about ma-
joring in mathematics originate in the colleges and univer-
sities and that the undergraduate and graduate programs
are simultaneously subject to the same forces.

Undergraduate Majors

The number of baccalaureate degrees awarded in mathe-
matics rose from 11,000 in 1960 to a high of 27,000 in
1970, declined steadily throughout the 1970s and early
1980s, and by 1986 had rebounded slightly to the current
level of 16,000 (Figure 4.5). The fraction of freshmen
anticipating a mathematical sciences major has dropped
sharply, from 3.3% in 1970 to 0.6% in 1987, and the share
of degrees awarded to women has increased steadily, from

about one-third in the mid-1960s to almost one-half (46%)
in 1986.

Over the past 20 years total mathematical sciences
enrollments and the number of mathematical sciences
majors have reflected disparate trends. For example, the
number of bachelor's degrees awarded per 1,000 mathe-
matical sciences course enrollments in four-year institu-
tions has varied from 7 to 23, and from 4 to 15 if two-year
college enrollments are included (Table 4.1).

At the undergraduate level there have been close ties
between the mathematical sciences and computer science
(see Box 1.1). The decline in the number of degrees in
mathematical sciences since 1970 has occurred at the same
time as a comparable increase in the number of degrees in
computer science (Figure 4.6). Joint majors in mathemat-
ics and computer science and overlapping employment op-
portunities are additional indications of the interconnec-
tions.

When or why students decide to major in mathematics
is not clear, although evidence suggests that many make

TA BLE 4.1 Mathematical sciences bachelor's degrees per 1,000 mathematical sciences enrollments, 1965 to 1985
1965 1970 1975 1980 1985

Four-year enrollments only 20
All enrollments 15

23 15 7

15 9 4
9

6

SOURCES: Adapted from Conference Board of the Mathematical Sciences (CBMS, 1987) and National Center for
Education Statistics (NCES, 1987b).

37



A Cha lknse of Numbers

these decisions after entering college. Compaiing the
number of full-time freshmen who anticipated a mathe-
matics major with the actual number of mathematics de-
grees conferred four years later shows clearly that recently
many students have decided to major in mathematics after

entering college. The expected number of bachelor's
degrees in the mathematical sciences is correlated with
freshmen interest, and decreases at the same rate as that
level of interest, since freshmen enrollments have re-
mained relatively stable.

Several studies have shown, however, that broad deci-
sions about science versus nonscience careers are made by
the time a student graduates from high schoolind high
achievement in mathematics at the secondary school level
is predictive of a mathematics-related career(NAS, 1987a).
Knowledge of mathematics has been said to be central in
separating scientists from nonscientists, and its signifi-
cance is increasing in areas of business and management.
Major losses, as high as 50%, take place during the college
years in the general science and engineering talent pipe-
line, but recently it appears that college students have been
slowly migrating toward, rather than away from, mathe-
matics as a field of study.

Prior to 1975 many more entering students planned a
mathematics major than actually received a mathematics
degree. But in each year since the early 1980s the number

0

1 966 1973 1 980 1987

FIGURE 4.4 Percentage of entering college freshmen expect-

ing to major in mathematics. SOURCE: Cooperative Insti-
tutional Research Program (CIRP, 1987b).
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FIGURE 4.5 Bachelor's degrees awarded In the mathemati-
cal sciences, 1970 to 1986. SOURCE: National Center for
Education Statistics (NCES, 1958a).

of students who have entered college intending to major in
mathematics has actually been lower than the number
receiving a bachelor's degree in mathematics four years
later. The interest of entering freshmen in mathematics as
a probable major has been very low in the 1980s, but degree
production has increased (Figure 4.7). Thus the antici-
pated major of college freshmen as measured by the Coop-
erative Institutional Research Program's survey (CIRP,
1987b) is not a very good forecast of the number of mathe-
matics degrees awarded four years later. The discrepancy
between expected and actual major and the recent chang-
ing migration of talent into rather than out of the mathemat-

ics pipeline make any discussion of persistence in the
choice of major somewhat speculative.

High achievers, as would be expected. are more likely
to persist in their freshman choice of a mathematics major.
A 1985 study of students who were college freshmen in
1981 showed that most freshmen who had planned to major

in mathematics and had achieved an "A" grade point
average after four years of college did in fact major in
mathematics. Students with lower grade point averages
were less likely to continue with their freshman choice of
a mathematics major and to switch instead to other fields,
most often to the social sciences or business (Table 4.2).



One notable trend, mentioned above, is the increased
representation of women among recipients of baccalaure-

ate degrees in mathematics. In 1950 less than one-fourth

of the 6,000 mathematics degrees were awarded to women,

and in 1986 almost half of 16,000 were. This progress in
the representation of women at the baccalaureate level,
however, has not translated to corresponding progress at

the graduate level. Even though the fraction of women
among baccalaureate degree recipients has been at more

than 40% since 1975, only 27% of the current full-time
,;,aduate students enrolled in mathematical sciences doc-

torate-granting institutions are women. This is a priority
issue of the Association of Women in Mathenmtics: "The

widespread and successful participation of women in
undergraduate mathematics must be better understood in

order to counteract the attrition that occurs at other stages

of the educational process, most notably in adolescence
and in the graduate years" (AWM, 1988, p. 9).

Blacks and Hispanics receive few of the bachelor de-
grees awarded in the mathematical sciemxs. The ethnic
and racial composition of U.S. citizens receiving bache-
lor's degrees in 1985 in the mathematical sciences (and in

all fields, for comparison) is given in Table 4.3. Non-U.S.

citizens received only a small fraction (5(/ ) of these
degrees.

hi 1982, according to an opinion survey, most senior
college and university academic administrators (not de-
partmental chaii s) (lid not think that the qualit) of under-
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FIGURE 4,6 Number of bachelor's degrees aviarded in
mathematical and computer sciences, 1970 to 1986, SOI'RCE:

National Center for Education Statistics (NCES. 1988a).
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TABLE 4.2 Changes in mathematical sciences majors by

undergraduate grade point averages11981 freshman cohort

Undergraduate grade point averaged

A A- or B+ B or less

Percent persisting in

freshman choice 87 5

Percent defecting to

Biology
Physical sciences 13 3

Social sciences 28 14

Engineering 20

Business 19 14

Education 8 12

Technical fields 5 15

Other 19 17

" N means no significant number.

SOURCE: Holmstrom, E. I., unpublished data.

graduate science and engineering students had declined
during the previous five years. The majority felt that there

had been no change in quality, and one-fourth thought
there had been improvement. These administrators also
thought that the most able students who were shilling fields

were shifting toward ratherthan away from science and en-

gineering ( ACE. 1)84). However, a more recent survey of

mathematical sciences departments regarding the quality
of undergraduate mtijors in mathematics indicates that lack

of quality is a major concern.

The 1985-1986 CBMS Survey asked mathematical
sciences departments to rate the lack of qual ity and the lack

of quantity of undergraduate majors as problems in their
programs (CBMS. 1987). About halt' of the responding
departments rated the lack Of quantity as a major problem.

and a slightly higher percentage rated lack of qualit;. as a
major problem (Table 4.4).

Undergraduate mathematics majors are the primary
source of students for graduate programs in the mathemati

cal sciences. As is true for doctoral degree holders in the

physical sciences and engineering, almost three-quarters

of those who receive doctorates in mathematics also have
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a bachelor's degree in the same field. Nearly 20% of recent

mathematics graduates have enrolled as full-time graduate

students, but often in areas other than mathematics or
statistics (see section headed "Doctoral Degree Recipi-

ems"). Those not continuing their studies have found
favorable employment opportunities.

In 1986 a low general unemployment rate (2%) and a

high science and engineering employment rate (74%)
characterized the labor market for recent mathematics
bachelor's degree recipients. This compared with rates for

bachelor's degree holders in all fields of 4% and 64% for
general unemployment and for science and engineering
employment, respectively. Industry employed more than

half of recent mathematics graduates, one-fourth found
teaching positions, and the remainder worked for govern-
ment. On average, of every five mathematics graduates
employed in a science or engineering field, two found work

in a mathematics or statistics field, two in computer sci-
ence. and one in engineering, economics, or some other

field. The 1986 median annual salary of $24,100 for
mathematics bachelor's degree holders was just below the

average of $25,000 for all science and engineering fields,

trailed the average for engineering ($30,000) and for
computer science ($28.000), but topped that for all other

science fields. Salaricts were higher by about $7,000 in

industry and government than they were in educational in-

stitutions.

Degrees fOr Secondary School Mathematks Teachers

Two different but related trends are primarily respon-
sible for the current low number of degrees being awarded

to prospective secondary school mathematics teachers.
Interest in the study of both mathematics and education
declined sharply in the 1970s and early 1980s. This drop

in popularity has translated to fewer degrees in both fields

(Figure 4.8). The following is a discussion of the numbers
and some characteristics of persons receiving degrees as

preparation for secondary mathematics teaching. A related

discussion of school mathematics teachers in the workplace

is in Chapter 5.
The loss of interest in teaching degrees dipped to its

TABLE 4.3 1985 bachelor's degrees awarded in mathematical sciences

White Black

U.S. Citizens

Hispanic Asian Indian Total U.S. Non-U.S. Total

Total. math. sci.

Percent

By race in the U.S.

By citizenship
Men

Women

Total, all fields
Percent

By race in the U.S.

By citizemhip
Men
Women

12,162

86.1 (7(

88.0%

766

5 .4 V(

6.1'4

257

2.8'4

880

6.2%

59

0.4%

14,124

100%

95%

100%

97'4

761

5(4

3'4

14,885

100%

54%

46%

979,477

100%

49'7(-

51%

SOURCE: NCES. unpublished data.
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TABLE 4.4 Summary of responsies on quality and quantity of undergraduate majors

Mathematics Statistics
Universities Public Four Year Private Fonr Year Universities

Lack of quality 38% major 62% major 39% major 31% major
15% no/minor 6% no/minor 7% no/minor 9% no/minor

Lack of quantity 39% major 54% major 42% major 22% major
18% no/minor 209' no/minor 9% no/minor 21% no/minor

NOTE: The possible responses were 0, 1, 2, 3, 4, or 5 with 0 meaning "no problem" and 5 meaning "major problem," and the

others indicating gradations between these. The percentages given above for "major" represent the 4 and 5 responses, while

"no/minor" represents the 0 and 1 responses. By subtracting the sum of these percentages from 100, one can get the percentage

of 2 and 3 responses.

SOURCE: Conference Board of the Mathematical Sciences (CBMS, 1987).

lowest level in 1982 and has rebounded slightly since. The

reasons for the loss of appeal of teaching are varied and
complex. but they include low salaries, broader career
options for women, and lack of prestige associated with
teaching (OTA. 1988b). Additionally, market conditions
for teachers thi oughout the 1970s were not favorable
because of a perceived general oversupply that actually
was present in some disciplines but not necessarily in
mathematics. The recent turnaround is supported by in-
creased public awareness, higher Aaries, and a more
favorable market. However, increases are not expected to

be sufficient to meet anticipated demand.
The number of baccalaureates conferred in education

and the number in mathematics have declined as dramati-

cally as the interest levels of entering freshmen. From 1971

to 1985. education degrees awarded annually decreased by

50r4 and mathematics degrees decreased by 39%. Fifteen

years ago, one in five baccalaureate recipients majored in

education: today, the number is less than one in ten.

ost new teachers were education majors in college,
but some were single-subject (such as mathematics) ma-

jors who did supplementary work in education. The single-

subject *ors appear to be increasing. This switch from
education to subject majors reflects the current questioning

of the usefulness of an education degree: "The utility of tits.

education major is under serious consideration at the

moment and several groups have proposed a wide-ranging

overhaul of teacher education" (OTA. 19881), p. 54).

Only a small portion of those majoring in education
have specialized in mathematics education and hence are

likely to become high school mathematics teachers. About

Ir% of the bachelor's degree holders in edlwation, 0.5% of

the master's degree holders. and 0.4% of the doctoral
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20.000

10,000

Expected Number of Degrees*

Actual Number of Degrees
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* Number of freshmen entering foui years earlier and intending

to major in mathematics.

FIGURE 4.7 Expected versus actual number of bachelor's

degrees in mathematical sciences. SOURCES: Cooperative

Institutional Research Program (CIRP. I987b and National

( 'enter for Education Statistics (N('ES, 1987a).
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degree holders have specialized in mathematics. Since the
early 1980s, education departments have produced be-
tween 1,000 and 1,500 candidates for high school mathe-
matics teaching each year. Recently, there has been an
upswing in the number of bachelor's degrees awarded in
mathematics education (see Appendix Table A4.4); how-
ever, these figures are small when compared to the 16,000
school districts that need mathematics teachers.

In additien to education majors specializing in mathe-
matics, the other main source of high school mathematics
teachers is undergraduate mathematics majors. A survey
of recent mathematics graduates conducted by the NSF in
1986 found that about one-quarter of bachelor's degree
recipients taught in educational institutions, presumably
high schools, and one-third of master's degree holders also
taught, some in high schools and others in college (NSF,
1987a).

Standardized test scores for students in the field of
education are lower, on the average, than are those for
students in other general areas of study, but data on the
relative qualifications and abilities of students attracted to
education are limited. The SAT mathematics and verbal
scores for those planning education majors are lower than
the average scores for all SAT takers. But no breakdown
of these scores is available by intended level or field of
teaching, and so it is not possible to determine how those
planning to teach secondary school mathematics compare

TABLE 4.5 1987 SAT scores by intended college major
Mathematics Verbal

Business and commerce 459 408

Educationa 437 408

Engineering 554 456

Language and literature 518 537

Mathematics 602 475

Physical sciences 576 507

TOTAL 476 430

a Includes elementary and secondary education majors.
SOURCE: College Entrance Examination Board (CEEB.
1987).
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TABLE4.6 1986 GRE scores by undergraduate and intended

graduate major
Undergraduate Intended graduate

major major

Quant. Verbal Quant. Verbal
Educationa 451 441 464 457

Engineering 674 464 671 461

Math. sciences 657 484 657 481

Physical sciences 637 505 639 504

Other humanities 517 543 523 542

Total 540 489 540 489

Includes elementary and secondary education majors.
SOURCE: Educational Testing Service (ETS, 1987).

with others, both in education and mathematics. The 1487
SAT scores by intended major for selected fields are given
in Table 4.5.

Graduate Record Examination (GRE) scores for 1986
for students planning graduate work show tllat students
who majored in education scored below the national aver-
ages, almost 90 points on the quantitative portion and 47
points on the verbal portion (Table 4.6). Those who
planned graduate work in education also had below-aver-
age scores in both the quantitative and verbal components
of the GRE.

The above discussion reflects a serious lack of informa-
tion about students preparing for careers in teaching.
There is little information that distinguishes entrants into
the various teaching fields, and there is a wide variety of
degree programs indicative of the differing certification
requirements across the country.

Graduate Students

Both the quantity and quality of graduate students are
considered problems by most mathematical sciences gradu-

ate departments. In 1986 most of the approximately
18,000 mathematical sciences graduate students were en-
rolled in doctorate-granting institutions. Over 40% of
those enrolled full-time were non-U.S. citizens (Figures

r.1



4.9 and 4.10), Lmd that fraction was greater in the top
graduate (Group l) institutions (Figure 4.11). Fewer women.

blacks, and Hispanics enroll in graduate programs than
their share among bachelor's degree holders would pre-
dict. The dominant mode of suppon is graduate teaching
assistantships, with the resuh that nearly one-half million

studentsone of twelveeach year are taught solely by
graduate assistants. Three-fourths of the graduate students

have undergraduate degrees in mathematics.

Of the 18,000 graduate students enrolled in mathemati-

cal sciences programs in 1986, almost 12,000 were en-
rolled full-time in doctorate-granting institutions, and the
remainder were either part-time students or were in mas-

ter's-granting institutions. From 1975 to 1986 the total
number of students enrolled full-time increased by about
1300. or 1 7 ri( . This total gain of 1,700 students actually
represents a loss of U.S. students (1.400) and again of non-

U.S. students (3,100). The number of U.S. studems en-
rolled reached a low in 1981 and has increased since to the

current level. The number of non-U.S. students has almost

tripled. The change in the composition of graduate stu-
dents has been significant in the mathematical sciences,
even when compared to other science and engineering

12
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4

Education
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f
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fields experiencing the same general trends (Figure 4.9).

In the mathematical sciences the number of U.S. stu-
dents enrolled was actually less in 1986 than in 1975
(Figure 4.10). This drop in U.S. studems combined with
the increased numbers of non-U.S. students has had an
impact on both teaching and learning. Since most gradu-
ate studems in the mathematical sciences are teaching
assistants. this increasing reliance on non-U.S. students
has affected undergraduate teaching and is believed to be

affecting the choke of mathematics or mathematics-re-
lated majors.

Because undergraduate education in many countries is

much more specialized than it is in the United States. non-

U.S. students have often been exposed to much more
mathematics and thus come to graduate school with a more

sophisticated understanding of the field than do their U.S.
counterparts. For instance, in China a baccalaureate de-

gree in mathematical sciences is comparable to the tradi-

tional master's degree in the United States (MAA. 1983).
Such countries have opted for depth of specialization over

the breadth of a liberal arts education.

Besides the decreasing number and proportion of
Americans. the other striking chankteristic of mathemati-

(th)usands of degrees
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Education

Nlathe.natics
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FIGURE 4.8 Left: Interest in matnematics and education among entering college freshmen. Right: Degrees in mathematics
and education among exiting college seniors. SOURCES: Cooperative Institutional Research Program (CIRP. 1987b) and
National Center for Education Statistks (WES, 19870.
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cal sciences graduate students in doctorate-granting insti-

tutions is that almost three-quarters are men. However,
there are about 1,0(/0 more women currently enrolled full-
time in doctorate-granfing institutions than there were in
1975, and the fraction of women has increased from 21%

in 1975 to 2714 in 198( (sec Appendix Table A4.6). Small

numbers of non-Asian minority students are enrolled in
graduate programs; however, in terms of percentages,
more such students are enrolled in master's-granting insti-

tutions than are enrolled in doctorate-granting institutions

(see Appendix Table A4.9t.
Mathematical sciences graduate students depend heav-

ily on institutional teaching assistantships for support dur-

ing their studies. In 1986, 70% listed institutional support
as their major source of income, I 7% were self-supporting,

8'4 reported having federal support, and 5% listed other
outside support (Figure 4.12). There were gender difkr-
ences in the sources of major support for full-time graduate

students in doctorate-granting institutions. Women were
more likely to have institutional and self-support than were

men. and they were less likely to receive federal and other

outside support than were the male graduate students.

The various types of support for graduate study include

fel low ships. traineeships. research assistantships, teaching

assistantships, and other types of support. Of the graduate

students in the mathematical sciences in 1986, 59% sup-

I%)
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FIGURE 4.9 Percent of full-time graduate students in doctor-

ate-granting institutions who are non-U.S. citizens, 1975 and

1986. SOURCE: National Science Fvundation (NSF, 1988a).

ported themselves with teaching assistantships, 9% had
research assistantships, 7% had fellowships, I % had trainee-

ships, and 24% reported other types of support. Nearlylialf

the teaching assistants taught their own classes, while the

others conducted recitations, tutored, and graded papers.

Compared to physical sciences and engineering graduate
students, mathematical sciences graduate students are much

more likely to teach and much less likely to have research

assistantships. One-quarter of all science and engineering

graduate students have research .4ssistantships, and despite

increases in recent years, only 9% of those in mathematics

do. Although about one-quarter of all science and engi-
neering students have teaching assistantships, fully three-

1:1(;1 RE 4.10 (Len) Mathematkal sciences graduate students enrolled full-time in docto ate-granting institutions. 1975 to

1986. (See Appendix Table A4,5.1 FIGURE 4.11 (Right) Percent of non-U.S. citizens as mathematical sciences graduate

students I)) pe of institution. 1977 to 1986. (See Box 3.2 or note on Appendix Table A5.13 for explanation of Group 1.1
Sot '1,2( 'ES: National Science Foundation (NSF, 1988a) and Conference Board of the N1athematical Sdences I(BMS. 1987).
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TABLE 4.7 Summary of responses on quality and quantity of graduate students

Mathematics
Universities Public four-year colleges

Lack of quality

Lack of quantity

50% major
2% no/minor

52% major
14% no/minor

44% major
21% no/minor

53% major
24% no/minor

Statistics
Universities

56% major
14% no/minor

55% major
20% no/minor

NOTE: The possible responses were 0, 1, 2, 3, 4, or 5 with 0 meaning "no problem" and 5 meaning "major problem," and th

others indicating gradations between these. The percentages given above for "major" represent the 4 and 5 responses, MIA

"no/minor" represents the 0 and 1 responses. By subtracting the sum of these percentages from 100, one can get the percentage

of 2 and 3 responses.

SOURCE: Conference Board of the Mathematical Sciences (CBMS, 1507).

fifths of those in mathematics do. Some of the differences
in support among fields are due to the nature of the field,
and particularly to whether laboratory work is significant
or notit has not been significant in the mathematical
sciences. "Other types of support,' a category that includes
self-support, was highest among engineers at 38%, lowest
among physical scientists at 9%, and in between among
mathematical sciences graduate students at 24% (Figure
4.13). The percent of graduate students with fellowships
was about the same in the mathematical sciences, the

100% -

80% -

60% *.

40% -

20% -

0% -
Male Female

Self support

Otla-
outside

support

111 Federal

1111 Institutional

FIGURE 4.12 Source of major support for mathematicalsci-

ences graduate students in doctorate-granting institutions,

1986. (See Appendix Table A4.7.) SOURCE: National
Science Foundation (NSF, 1988a).

physical sciences, and engineering.
Almost three-quarters (74%) of prospective graduate

students who take the GRE and state an intention to do
doctoral work in mathematical sciences have an under-
graduate major in mathematics (ETS, 1987). Another 22%
have majored in another science' or engineering field, and
4% are nonscience majors. Among those intending to do
graduate work below the doctoral level, the large majority
(68%) have a baccalaureate degree in mathematics, 26%
have majored in another science or engineering field, and
6% have a baccalaureate degree in a nonscience field.

Even though most students who pursue graduate-level
work in the mathematical sciences have backgrounds that
include degrees in the same field, the quality of incoming
students is often not what graduate programs expect. The
1985-1986 CB MS Survey asked responding mathematical
sciences departments to rah, the lack of quality and the lack
of quantity of graduate students as problems in the pro-
grams (CBMS, 1987). More than half of the responding
graduate departments rated both the lack of quantity and
the lack of quality as major problems (Table 4.7).

Master' s Degree Recipients

The production of mathematical sciences master's
degrees has followed the same pattern as that for both

fq.
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bachelor's and doctoral degrees, peaking in 1970 after a
steady climb and dropping since then. The number of
degrees steaaily increased from about 1,000 in 1950,
peaked at 5,600 in 1970, and has decreased since with a
slight rebound in the last few years. In 1986 approximately
3,200 master's degrees were awarded. The current level
of production is the same as that in the mid-1960s, repre-
sents a drop of 44% from the peak production of 1970, and
is about equal to the average for the past 40 years (Figure
4.14).

Perhaps what is most notable about recipients of mas-
ter's degrees is just how little is written or known about
them. There are several major surveys that track doctoral
degree holders, but these include few details on master's
degree reii:ients. Little is known about how master's
degree holders fit into the broader mathematical commu-
nity. Since most master's degree recipientsabout two-
thirdswork in nonacademic settings, the utilization of
the master's degree in the workplace is very different from
the utilization of the doctorate.

Total, Sciences and
Engineering

Total, Sciences

Engineering

Physical Sciences

Mathematical Sciences

IM

% 20 40 tiO 80 100

Other types of support

II Fellowships

Traineeships

IIIResearch assistantships

IITeaching assistantships

FIGURE 4.13 Types of major support for graduate students

in doctorate-granting institutions, 1986. (See Appendix Table

A4.8.) SOURCE: National Science Foundation (NSF, 1988a).
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(NC ES, 1988a).

Most institutions that offer doctoral degree programs in
mathematics or statistics also offer programs for master's
degrees. In mathematics, in addition to the 155 institutions
offering doctoral degrees, another 273 institutions grant a
master's degree as the highest degree (see Box 3.2). In sta-
tistics, there are approximately 217 master's degree pro-
grams at 172 institutions.

In 1986 three-fourths of the 2,700 mathematical sci-
ences graduate students in master's-granting (not doctor-
ate-granting) institutions were enrolled part-time. Mas-
ter's-granting institutions included a higher proportion of
women and U.S. citizen graduate students, than did doc-
torate-granting institutions. However, the proportion of
non-U.S. students enrolled full-time in master's-granting
institutions increased from 13% in 1977 to 34% in 1986, or
by about 700 students. The gender composition of the
master's degree recipients changed from 20% women in
the mid-1960s to 35% women in 1986. The major increase
in the representation of women occurred during the period
from 1965 to 1975; since then the number and proportion
of degrees awarded to women have been relatively steady
at about 1,000 and 35%, respectively (see Appendix Table
A4.1).



Majors in Mathematics and Statistics

100 -

80 -

60 -

40

20 -

0

Total of 3,200 Master's
Degrees in 1986

FIGURE 4.15 Master's degrees in mathematical sciences,
distribution by subfield. SOURCE: National Center for
Education Statistics (NCES, 1988a).
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By subfield, two-thirds (65%) of the 3,200 mathemati-
cal sciences master's degrees awarded in 1986 were in gen-
eral mathematics, about 16% were in statistics or actuarial
science, and 12% were in applied mathematics (Figure
4.15). This distribution has not changed much in recent
years except for increases in applied mathematics since the
early 1980s.

The ethnic and racial composition of U.S. citizens
receiving master's degrees in 1985 was almost identical to
the composition of graduate students enrolled full-time in

doctorate-granting institutions in 1986. Although non-
Asian minorities were more highly represented in part-
time enrollments and in master's-granting institutio
their shares of degrees awarded were similar to their frac-
tions of full-time graduate students in doctorate-granting
institutions. Non-U.S. students received one-quarter of all
master's degrees awarded in 1985 (Table 4.8); just four
years earlier in 1981, their share of the master's degrees
was 18%.

Mathematical scientists, like engineers, attain doctoral
degrees after master's degrees at a relatively low rate
compared to that for other scientists (see Chapter 2). But
a significant proportion of master's degree recipients in the
mathematical sciences do continue on to study for a doctor-
ate. Based only on the numbers of degrees awarded at the
three levels, about one in five bachelor's recipients con-
tinue on for a master's degree, and also one in five master's
degree recipients continue on for a doctoral degree. Less
than one in ten women continue on for a doctorate from a
master's degree, but nearly one in four men do (Table 4.9).
Among the already-reduced attainment rates for mathe-
matical science students compared to students of the other
sciences, the graduate degree attainment rate for women is
exceptionally low. The attrition of women along the path
from the bachelor's to the doctoral degree is significantly
higher in the mathematical sciences than in other science
fields (NRC, 1983).

Demand for mathematical scientists at the master's
degree level has increased since 1976. According to a

TABLE 4.8 1985 master's degrees awarded in mathematical sciences programs
Citizens
Asian Indian Total U.S. Foreign TotalWhite Black

U.S.
Hispanic

Total 1,873 53 49 164 7 2,146 685 2831

Men 1,170 34 28 108 4 1,344 499 1843

Women 703 19 21 56 3 802 186 988
Percent

By race in the U.S. 87.3 2.5 2.3 7.6 0.3 100

By citizenship 76 24 100

SOURCE: NCES, unpublished data.
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TABLE 4.9 Attainment rates of master's and doctoral degrees
Perctnt Master's

to Bachelor's
(2-year lag)

Percent Doctorate
to Master's
(5-year lag)

Percent Doctorate
to Bachelor's
(7-year lag)

All natural sciences
and engineering 22 21 5

Mathematical sciences 21 19 4
Men 24 24 5

Women 17 9 1.5

SOURCE; Appendix Table A4.11 and National Science i?oundation (NSF, 1987b).

survey by the NSF, recent mathemaiics master's degtee 1000
recipients had a very low general unemployment rate
(1.5%) and a high employment rate in science and engi_
neering occupations (90%) (NSF, 1987a). This compared
with a general unemployment rate of 2.1% for all rectnt 800

science and engineering master's graduates and an etn_
ployment rate of 84% in science and engineering. Median
annual salaries for 1984 and 1985 mathematics master's
graduates showed men receiving $4,000 more than women 600

in 1986, and industries on the average paid graduates
$7,000 more than did educational institutions. Close to
half of master's graduates worked in the business and
industry sector, two-fifths worked in educational institu_ 400
tions, and the remainder worked in government or other
sectors.

Doctoral Degree Recipients

The number of doctorates awarded by U.S. universities
in the mathematical sciences rose from about 2(X) in 1950
to a high of about 1,000 in 1973 and has fallen since to
about 750 (Figure 4.16). In 1973 nearly lour of five of those
doctorat..s were earned by U.S. citizens. In 1988 fewer
than half were. In the period from 1977 to 1987, more than
one-third of the approximately 9,000 doctoral degrges
awarded in the mathematical sciences went to non-Us.
citizens.
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FIGURE 4.16 Ph.D. degrees in mathematks. (See Appendix

Table A4.16.) SOURCE: American Mathematical Society
( AMS, 1976 to 1987).



Majors in Mathematics and Statistics

TABLE 4.10 Ratio of new doctorates in mathematics to new doctorates in selected other fields, 1970 to 1985
Chemistry Physics/Astronomy Biology Engineering

1970 0.55 0.74 0.36 0.36
1975 0.65 0.88 0.33 0.38
1980 0.48 0.76 0.20 0.30
1985 0.37 0.64 0.18 0.22

SOURCE: Edward A. Connors. Original data were taken from National Science Foundation (NSF, 1988c).

Certain of the trends in the number of mathematical
sciences doctorates awarded are not unique; some of these
same patterns have been observed in the total number of
research doctorates awarded by U.S. universities. This
total was about 10,0(X) in 1960, rose to a maximum of
nearly 34,000 in 1973, and then fell slightly until it stabi-
1 ized at about 31,000 in 1978. The percent of U.S. citizens
among the recipients was nearly 85% in the early 1970s and
had fallen to 72% in 1986. The number of doctorates
awarded in the physical sciences, including the mathemati
cal sciences, declined during Ine 1970s but increased
during the 1980s. Statistics was an exception to the decline
as degree production in that field was approximately stable,
but in mathematics the decline was extreme. Mathematics
is further exceptional in that it has been the slowest to stem
the decline of the 1970s. The percent of U.S. citizens
among new doctorates awarded in the physical sciences
stood at 63% in 1986, about 12 points higher than in the

subfield of mathematics.
Other comparisons point out that the decline in mathe-

matical sciences doctorates since the mid-1970s is more
exceptional. Edward A. Connors notes that each of the
ratios of the number of new doctorates in mathematics to
the numbers in chemistry, physics and astronomy, biology,
and engineering has declined when computed for the years
1970, 1975, 1980, and 1985 (Connors, 1988). For ex-
ample, in 1970 there were approximately half as many
degrees in the mathematical sciences as in chemistry, but
this had dropped to one-third as many in 1985 (Table 4.10).

A possible reason for this decline in ratios is the decision
of those holding baccalaureates in mathematics to switch
to doctol al study in other areas, and data are given to
support the contention. The shifts increased during the late
1960s and through the 1970s but appear to have leveled off
in the 1980s (Table 4.11).

The number of women U.S. citizens earning doctorates

TABLE 4.11 Mathematics majors going on to doctoral study in other areas of science and engineering, 1960 to 1985
Mathematics majors earning

doctorates in science/engineeringa
Mathenritics majors earning
doctorates in mathematics

1960 290 207
1965 639 484
1970 1362 924
1975 1310 883
1980 1139 609
1985 959 506

Ratio

0.71

0.76
0.68
0.67
0.53
0.53

" Includes mathematics and the social sciences.

SOURCE: Edward A. Connors. Original data were taken from National Science Foundation (NSF. 19880.
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TABLE 4,12 Ethnic representations among new mathematical sciences doctorates, U.S. citizens, 1977 to 1986

Number of new U.S. citizen
doctorates in mathematical

sciences

Percentage of new
U. S. Citizen
Doctorates

Approximate
percentage of

U.S. population

Asian-Americans 224 4.3 2

Blacks 80 1.5 12

Hispanics 34 0.6 7

Native Americans 26 0.5 0.5

Total, U.S. citizens 5,249 100%

NOTE: For changes since 1974, see Appendix Table A4.12.
SOURCE: American Mathematical Society (AMS, 1976 to 1988).

each year in the mathematical sciences has been essentially
constant since 1973, usually in the range 80 to 90. The
percent of U.S. citizens receiving doctorates that is ac-
counted for by this group has risen from 10% to 20%
because the total number of U.S. citizens receiving mathe-
matical sciences degrees each year has fallen from 774 to
362. Overall, among both U.S. and non-U.S. citizens,
wonv n constituted 10% of the new doctoral degree hold-

ers in 1973 and 17% in 1987. Among all doctorate
recipients in 1986. women were better represented, having
received 35% of the degrees: but in the physical sciences
women were awarded only 16% of the new doctoral
th.:grees and in engineering only 7%.

Blacks and Hispanics receive inordinately few of the
doctorates awarded in the mathematical sciences. AMS

Annual Survey results showed that during the ten-year
period from 1977 to 1986, these two groups combined
received about 2% of the doctorates awarded to U.S.
citizens (Table 4.12).

Analogous data (NRC, 1987) for all research doctor-
ates awarded by U.S. universities in the ten-year period
from 1977 to 1986 are given in Table 4.13. Additionally,
since the NRC report includes information on the visa
status of non-U.S. citizens, a second comparison is al-
lowed. Including those non-U.S. citizens with permanent
visa status changes the representations very, little except
when Asian-Americans are included. Then the change is
dramatic. Asian-Americans constituted 46% of the non-
U.S. citizens with permanent visas who received a doctor-
ate from a U.S. university between 1977 and 1986.

TABLE 4.13 Ethnic representation among all new research doctorates, U.S. citizens and permanent residents, 1977 to 1986

Number of Percentage of

Number of Percentage of doctorates to U.S. citizen or

doctorates to U.S. citizen U. S. citizens or permanent resident

U. S. citizens doctorates permanent residents doctorates

Asian-Americans 4.579 1.9 10.404 4.2

Blacks 9,903 4.2 10.821 4.3

Hispanics 4,970 2.1 5.697 2.3

Native Americans 790 0.3 792 0.3

SOURCE: National Research Council (NRC, 1987).
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FIGURE 4.17 Doctoral degrees in mathematical sciences,
dishibution by subfield and sex. SOURCE: National Science
Foundation (NSF, 1983); see Appendix Table A4.13.

The five major subfields in the mathematical sciences
are algebra, probability and statistics, analysis, topology,
and applied mathematics. These five subfields accounted
for 65% of all doctorates awarded to both men and women
in the period from 1960 to 1982. The most popular
subfields in the mathematical sciences, as measured by the
number of degrees awarded, have not been the same for
men and women (Figure 4.17). In the two decades begin .
ning in 1960, the three most popular subfields for women
were algebra, probability and statistics, and analysis. For
men the most common choices were analysis, probability
and statistics, and applied mathematics. Women were
more than twice as likely as men to opt for either algebra,
probability and statistics, or analysis rather than for applied
mathematics.

A broad interpretation of the mathematical sciences
includes programs in other departments, such as operations
research, computer science, statistics, and mathematics
education. For example, operations research might be
taught in departments of mathematics, engineering, or
bminess. In the last decade, the total number of doctoral
degrees awarded annually in the broadly interpreted area of
mathematical sciences has been relatively constant at about
1,400 (Figure 4.18). The trend has involved student shifts
away from mathematics and education and toward com-
puter science, with the numbers choosing statistics and

..

Majors in Mathematics and Statistics

operations research remaining steady.
The median time from entry into graduate school to

receipt of the doctoral degree was 7.3 years for the 1986
mathematical sciences doctoral degree recipients and has
been essentially the same since 1958. The median for all
fields was 10.4 years in 1986. Generally, this median is in'
the 7- to 9-year range for the sciences and enP,ineering and
in the 9- to 13-year range for the social sciences, the
humanities, and education. The median registered time,
which is the time spent from entry until completion of
enrollment in graduate school, was six years for those who
received mathematics doctorates in 1986.

Three-quarters of the 1986 mathematics doctoral de-
gree recipients had their bachelor's degrees in mathemat-
ics, and the same fraction (73%) had master's degrees. In
all the physical sciences, 73% of those with doctorates had
bachelor's degrees in the same field, but only 52% had
master's degrees. For all fields these percents were 55%
and 79%, respectively.

About 200 postdoctoral appointments in mathematical
sciences were made at doctorate-granting institutions in
1986. In recent years the number of appointments has
ranged from a low of 110 in 1981 to a high of 225 in 1985
(NSF, 1988a). An NRC survey showed that the number of
doctoral degree holders with postdoctoral study plans
increased from about 10% to 23% of the total in the past ten
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FIGURE 4.13 Number of do.:torate recipients in broadly
interpreted mathematical sciences. (See Appendix Table
A4.14.) SOURCES: National Research Council (NRC, 1987)

and American Mathematical Society (AMS, 1976 to 1987).
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years (NRC, 1987). This is stilifar below the 40% in all the

physical sciences who planned postdoctoral study. The
NRC survey asked new doctoral degree recipients to check

one of five reasons as the most important reason for either

taking or deciding against a postdoctoral appointment. In

this survey, two dominant reasons were given for deciding

against postdoctoral study in mathematics: "No postdoc-
toral available" was given by 38%, and "attractive employ-

ment" was given by 42%. The other three choices were
"little or no benefit," "inadequate stipend," and "other."
The "no postdoctoral available" response was given most

often in mathematics (38%) and the next most often in the

humanities (3 I % ); the response for all fields was 20%. The

dominant reason given in favor of postdoctorals by those

with mathematics doctorates was gaining additional expe-

rience, the reason given by 69% of those plann ing postdoc-

toral study. This reason too, led in all fields, with .the
overall percentage at 56%.

Excluding those who have postdoctoral positions, about

three-quarters of doctorate mathematical scientists are
currently employed in academe. The fractions taking
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nonacademic employment are higher for applied mathe-

matics and for statistics and lower for mathematics. There

have not been major changes in the employment patterns of

doctoral degree holders over the years. Approximately
20% find employment in business and industry and the rest

are employed in government. An increased demand in aca-

demia for mathematical scientists is likely because of the

current low supply and an increase in retirements.

Patterns and Prospects

At all degree levels, several patterns are apparent. The

numbers of degrees awarded annually have decreased
significantly since peaking in the clY 1970s but have
shown some increases recently. The attrition rates in
degree programs are high. Relatively few women, blacks,

and Hispanics receive degrees, especially graduate de-
grees, and non-U.S. citizens are close to achieving a
majority among graduate students. There are increased
demands for mathematical sciences degrees in the
workplace, and these increases are projected to continue.
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Three-fourths of those with mathematical sciences degrees are not classified as
working as mathematical scientists.

The number of persons identified as working as mathematical scientists almost
tripled in the past decade.

One-fourth of those with a bachelor's degree, one-third of those with a master's,
and three-fourths of those with a doctorate begin work in educational institutions.

White males currently dominate employment, and there is an increasing
dependence on foreign nationals.

The current supply of faculty depends heavily on persons from outside the United
States, and the expected future supply will be insufficient to replace retirees.

Shortages of qualified school mathematics teachers have developed, and various
projections on needed replacements are alarming.

Introduction

Stand.-rd U.S. labor market data do not tell much about
where persons with mathematics or statistics degrees work
or what they do. Over the past 40 years, approximately
525,000 persons have been awarded baccalaureate degrees
in mathematics or statistics, 110,000 have received mas-
ter's degrees, and 24,000 have been granted doctorates.
Current estimatts place the number of mathematical scien-
tists in the work force at between 100,000 and 150,000,
about one-fourth of what would be expected based on the
number of degrees conferred.

Three factors account for much of this discrepancy. The
title of mathematician has not been generally regarded as
a professional title but is gaining recognition as one; statis-
tics has been regarded as a profession only in recent years,
but workers with the title of statistician may not hold
college degrees in mathematics or statistics. Persons with
degrees in mathematics work under various job titles;
statistician, computer specialist, engineer, analyst, and

actuary are common. And many such persons are secon-
dary school teachers who are not usually classified as
mathematical scientists.

The lack of information about the employment of people
with mathematical sciences degrees reflects a separation
between academic mathematical sciences and the nonac-
ademic labor force. As the transition from high school
mathematics to college mathematics is troublesome, so
also is the transition from college t;le workplace. The
difficulty in making the latter transitk,n 3 less understood,
and building a better match between mathematical sci-
ences education and the expectations and needs of the
workplace is a major problem that is rec ing increased
attention.

Although general labor market data are of limited use in
analyzing how mathematical sciences degrees are utilized,
some trends are clear. The number of identifiable mathe-
matical scientists in the work force has increased dramati-
cally in recent years and is expected to continue to do so.
A larger proportion vf these degree holders are working in
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science and engineering fields. And mathematical scien-
tists depend much more heavily on academic employment
than does any other group in science and engineering.

Approximately 50,000 mathematical scientists are
employed by college and university mathematical sciences
departments, but only half of these are full-time faculty.
This relatively small work force plays an essential part in
educating much of the college-educated work force, espe-
cially students in science and engineering. The employ-
ment market for this faculty is unusual because there is no
pool of readily available and well-qualified reserve candi-
dates, and supply and demand have little effect on employ-
ment conditions. Proper balancing of the supply and
demand has been difficult; currently there are mild short-
ages of candidates for the mathematical sciences faculty,
and serious shortages are forecast. Obviously the condi-
tions of supply and demand could resolve shortages, but
planning and commitment will be necessary to maintain
and enhance the quality of mathematical sciences educa-
tion.

There continue to be shortages of secondary school
mathematics teachers, and many who teach have inade-
quate preparation. Projections of the number of replace-

ments needed by the year 2000 are alarming, in light of
current trends and employment conditions.

As is true for the study of mathematics in colleges and
universities, relatively few women, blacks, and Hispanics
work in mathematics-based occupations. Their numbers
are extremely low on college and university faculties
where doctoral degrees are held by most of the members.
Among secondary school mathematics teachers, the repre-
sentation of women has improved significantly in recent
years to about one-half.

General Characteristics and Trends

National labor statistics show that mathematical scien-
tists account for less than 3% of the nation's total science
and engineering work force, and the science and engineer-
ing work force constitutes about 4% of the total labor force
of 120 million. In the last decade the science and engineer-
ing work force increased at an annual rate that was more
than triple the rate for the general labor force, 7% versus
2%. The number working as mathematical scientists
almost tripled in the decade ending in 1986. This was the
largest increase for any science and engineering field, with

TABLE 5.1 Estimates of the number of mathematical scientists by National Science Foundation (NSF), Bureau of Labor
Statistics (BLS), and Conference Board for Mathematical Sciences (CBMS)

NSF
(1986)

Employed in science and engineering 103,000

Educational institutions 52,800
Business and industry 35,600
Federal government and other 10,700

Other 27,100

Total 131,0(X)

BLS
(1986)

CBMS3

(1985)

76,600
29.000
37,700h

9,900h
38,000

114,600

40,000 (25,000 full time)

" Includes faculty onl), not graduate assistants.
"Includes mathematicians (20,000), statisticians (18,000), and actuaries (9,400).
c Includes non-S/E employed under NSF and operation researchers and analysts under IILS,
SOURCES: National Science Board (NSB, 19V), Bureau of Labor Statistics (11LS, 19880, and Conference Board of the
Mathematical Sciences (C11MS, 1987).
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the exception of computer science (see Appendix Table
A5.1). This increase in demand is expected to continue:
from 1986 to 2000 the increase in demand for scientists,
engineers, and technicians is projected to be 36%, and for
mathematical scientists, 29%. This compares with a pro-
jected 19% increase in demand for the general labor force.

Estimates of the number of people working as mathe-
matical scientists in the United States today range from
114,000 to 131,000, while the count of mathematical
scientists employed in U.S. educational institutions ranges
from 29,000 to 53,000. Some counts include only faculty
members in mathematical sciences departments, whereas
others include workers and faculty members in other
departments. Moreover, the definition of mathematical
scientists can vary. For comparison, three mathematics
organizations (AMS, MAA, and SIAM) have a combined
membership of approximately 46,000 people, and the two
statistical societies (ASA and IMS) have a combined
membership of approximately 17,000 (see Box 3.1). Table
5.1 gives estimates from three sources of the number of
people working as mathematical scientists.

None of the estimates given in Table 5.1 appears to
count elementary and secondary school mathematics teach-
ers among the mathematical scientists. Estimates of their
numbers vary, but the range is approximately 125,000
certified secondary school teachers plus 20,000 certified
elementary and middle school mathematics teachers (NSB,
1985) to 300,000 public and private school mathematics
teachers. In any event, there appear to be at least as many
secondary school mathematics teachers as there are total
mathematical scientists in the reported counts of science
and engineering personnel. Clearly these teachers are not
included as mathematical scientists, although many have
the equivalent of a bachelor's degree in mathematics and
work 90% of their day in mathematics. On the other hand,
many persons with bachelor's degrees in science or espe-
cially in engineering are included in the counts.

Participation in the labor force and other selected
employment characteristics for mathematical scientists
were similar to those for all scientists and engineers in
1986. Most scientists and ehgineers, including mathemati-
cal scientists, are in the labor force, and the majority are

90
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FIGURE 5.1 Percent of recent mathematics degree holders
employed in a science or engineering job, 1976 and 1986.
SOURCE: National Science Board (NSB, 1987).

working in science and engineering fields. The unemploy-
ment rates are lowbetween 1.1 and 2.4% (see Appendix
Table A5.2).

Primarily a mental discipline, mathematical sciences is
considered to be a field well suited to those with physical
disabilities. However, only a small portion of mathemati-
cal scientists (1,600 of 131,000, or 1.2%) report a disabil-
ity, compared with the 2% of all scientists and engineers
who perceive themselves as disabled (NSF, 1988d). Dis-
abled persons are distributed among the various fields at a
rate similar to that for all scientists and engineers. Little
information is available concerning working conditions
for disabled people in the mathematal sciences, but the
general impression is that there are fewer barriers in mathe-
matics than in other fields. Advances in computer technol-
ogy are expected to further increase opportunities and
provide links for the disabled in all science and engineering
fields (NRC, 1989).

The vast majority (85%) of science and engineering
graduates find employment in a science and engineering
field. The major employers include business and industry,
educational institutions, and the federal government. One-
half of all scientists work in business and industry, but only
one-third of mathematical scientists do, whereas fewer
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than one in three scientists work in an academic setting, but
half of mathematical scientists do (see Appendix Table
A5.3). At the doctoral level, about three-quarters of
mathematical scientists work in educational institutions;
this fraction drops to about one-third at the master's level
and to one-fourth at the bachelor's level.

Over the past ten years, the percentage of mathematics
degree recipients employed in science and engineering
fields has increased dramatically, from 46% to 74% for
bachelor's degree holders and from 62% to 90% for mas-
ter's degree holders (Figure 5.1); for all mathematical
scientists, the percentage is 79%. The current employment
pattern for mathematicians resembles that for computer
scientists, physical scientists, and engineers, replacing the
previous pattern, which resembled those in the life and
social sciences, for which the percentages of bachelor's
degree holders employed in science and engineering are
somewhat lower (NSB, 1987).

Employnwnt of Recent Graduates

Analyses of the employment patterns of recent recipi-
ents of mathematical sciences degrees reveal varied and
improving opportunities that are related to the level of
education achieved. Generally, the employer type shifts
from business or industry to academe as the degree level
rises from the baccalaureate to the doctorate. Exceptions
are the recipients of doctorates in statistics or some applied
mathematics fields; larger fractions of these people work in
business or industry.

A survey of 1984 and 1985 bachelor's and master's
degree recipients conducted by the NSF in 1986 showed

that about half of all recent graduates at both degree levels
worked in business or industry (NSF, I 987a). About one
in four bachelor's degree recipients taught in educational
institutions, presumably high schools. One-third of recent
master's degree recipients taught in educational institu-
tions, some in high schools, and others in colleges. Ac-
cording to a 1986 NRC survey of those new doctoral degree
holders with employment plans (NRC, 1987), three of four
planned academic work, one of five planned to work in
business or industry, and fewer than one in ten planned to
work in government (Table 5.2).

The majority of mathematicians with doctorates are
members of college and university faculties, which are
discussed in later sections of this chapter. This secflon's
description of primary work activities and salaries pertains
to master's and bachelor's degree recipirans only. Al-
though specific job titles and descriptions are not available,
information on primary work activities and fields of em-
ployment sheds some light on what these workers do.

About 16% of the 1984 and 1985 bachelor's degree
recipients surveyed in 1986 were enrolled full-time in
graduate school, and another 13% were enrolled part-time.
Full-time graduate students were excluded from the em-
ployment data. At both the master's and bachelor's degree
levels, the major fields of employment were mathematics/
statistics, computer science, and, to a lesser extent, engi-
neering ( Figure 5.2). A few mathematics graduates found
employment in the fields of psychology and economics.
As many bachelor's degree recipients found employment
in computing science as in a mathematics or statistics field.
About three of five master's degree recipients were work-
ing in a mathematics or statistics field; of the remaining

TABLE 5.2 Type of emploer of mathematical scientists by degree loel, 1986

Bachelor's Master's Doctorates
All Math.
Scientists All Scientists

Educational institutions 26(4 37(4 73(4 51% 199;

Business and industry 55(4 48 C4 20'4 34% 48(4

Government and other 20(4 15(4 8(4 15% 24%

SOURCES: National Science FoundatieN (NSF, 1987a) and Nvtional Research Council (NBC, 19/17).
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Psychology
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Engineering
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Computer
Science

40%
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42%

Engineering
17%
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15%
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6%

Mathematics/
Statistics

62%

FIGURE 5.2 Field of employment for recent mathematics degree recipients, 1986. Left: Bachelor's degree holders. Right:

Master's degree holders, SOURCE: National Science Foundation (NSF, 1987a).

two, one was working in an engineering field and the other
in computer science.

Information on what nondoctoral mathematical scien-
tists do in the workplace is very limited. Broad descriptive
categories, such as primary work activities, field of em-
ployment, and type of employer, are available for the
nondoctoral degree holder, but these broad categories offer
little insight into what specific opportunities are available
to these mathematics graduates. This type of information
is needed to smooth the transition from college to the
workplace for these graduates and to better meet the needs
and expectations of business and industry.

A few colleges have information about what their
mathematics and statistics graduates are doing, but local
market conditions determine to a large extent what oppor-
tunities are available. Thus such information is not gen-
eral, but rather only illustrative of opportunities. These
opportunities include positions in eoucational, financial,
governmental, religious, business, and industrial institu-
tions. In educational institutions positions include mathe-
matics teacher, coordinator for dropout prevention, guid-
ance counselor, school principal, college instructor, and
college professor. Some of the financial and business op-
portunities for mathematics graduates have included posi-
tions such as actuary, computer systems analyst, program-
mer, banker, bond specialist, insurance analyst, operations

research analyst, financial analyst, financial accounting
supervisor, pension consultant, employee education man-
ager, and forecasting analyst. Other positions include
lawyer, missionary, pastor, designer/draftsman, meteor-
ologist, energy policy specialist, and marketing manager.
Some of these positions require schooling beyond the
bachelor's degree, but many do not. Contrary to many
students' views of mathematics as too specialized for the
workplace, students who have majored in mathematics are
engaged in a wide variety of jobs with diverse work
activities at different types of institutions.

The primary work activities of recent mathematical
sciences degree holders have been separated into research
and development, management and administration, teach-
ing, production/inspection, reporting/statistical/comput-
ing activities, and other activities (Figure 5.3). As would
be expected for graduates only two years out of college,
fewer bachelor's than master's degree recipients were in
management and administration positions in 1986, and
more master's degree holders were teaching.

In 1986 the median annual salaries for recent mathemat-
ics degree recipients at both the master's and bachelor's
degree levels were just slightly below the average for all
science and engineering fields (Figure 5.4). The median
annual salary for a bachelor's recipient was $24.100 and
i't.r a master's recipient, $31,500. For both groups the
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FIGURE 5.3 Primary work activities of recent mathematics degree recipients, 1986. Left: Bachelor's degree holders. Right:

Master's degree holders. SOURCE: National Science Foundation (NSF, 1987a).

salaries were higher than those for physical, environ- more severe shortages are projected,

mental, social, and life scientists but somewhat lower than The decrease during the past decade in the number of

those for el sineers and computer scientists. college students planning to become teachers and an in-
crease in the number of teachers approaching retirement
predict shortages of teachers of all kinds. And losses from

Secondary School Mathematics Faculty teachers leaving the profession in the middle stages of
The combined decrease in the number of both teachers careers may further reduce the supply (OTA, 1988b, pp.

and mathematicians graduating from colleges in the period 54-57). The general shortage of mathematical scientists to-

from 1970 to 1985 (-39% for mathematics and -50% for gether with the resulting demand across the work force
education) has already resulted in a shortage of qualified adds to the prospects for too few secondary school mathe-

mathematics teachers to staff the nation's schools. And matics teachers.
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Engineering
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Engineering
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FIGURE 5.4 Median annual salaries of recent science and engineering graduates. Left: Bachelor's degree recipients. Right:
Master's degree recipients. SOURCE: National Science Foundation (NSF, I987a).
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Approximately 11% of all secondary school teachers
are mathematics teachers. The actual number of mathe-
matics teachers in secondary schools is somewhat elusive
but was estimated to be 126,300 in 1984 (NSB, 1985).
Science teachers were estimated to number 115,600.
Another estimate numbered the total teaching force of
mathematics and science teachers at 200,000 in 1984 and
estimated the number of new mathematics and science
teachers needed by 1995 to be 300,000 (RAND, 1984).
Thus, by the latter reckoning, the estimate of the new
mathematics and science teachers needed in less than a
decade exceeds the total current force. Other estimates of
the current number of school mathematics teachers range
as high as 300,000.

As the counts of mathematics secondary school teach-
ers vary widely, so do estimates of shortages. However,
most who have assessed the situation agree that future
demand will be greater than current supplies, that the
academic abilities of those attracted to education need to be
elevated, that the most academically able are the most
dissatisfied with teaching as a career, and that attrition is
highest among the most able.

Demand for both secondary and elementary school
teachers is projected to increase steadily from 1988 to the
early 1990s. The supply of new teacher graduates is
projected, at an intermediate projection level, to decrease
slightly fmm 1988 to the early 1990s. leaving a deficit of
25,000 to 72,000 teachers each year (Figure 5.5).

The current shortages are not evenly distributed geo-
graphically or across disciplines, and the fields of mathe-
matics and science have been particularly hard hit. In 1985
a low estimate of the shortages of mathematics teachers
was 3,700 and of science teachers, 2,800 ( N RC, 1985 ). If

teachers currently assigned but not qualified were to be
replaced at a modest rate of 5e4 of all teachers in the field,
then the forecast of annual shortages would increase to
9.200 in mathematics and 8,000 in science. In 1987,
according to opinions of teacher placement officers sur-
veyed by the Association for School. College, and Uni ver-
sit!. Staffing. Inc., considerable shortages of mathematics
teachers were reported in all regions of the country except
the Northwest and the Rocky Mountain states ( ASCUS,
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FIGURE 5.5 Supply and demand of new elementary and
secondary school teachers, 1970 to 1992.

SOURCE: National Center for Education Statistics as re-
ported in National Science Board (NSB, 1987).

1987). These shortages have been classified as consider-
able (having been assigned values of between 4.25 and
5.00 on a scale of 5.00) each year for the period from 1982
to 1987.

The Report or the 1985-86 National Surrey of Science
and Mathematics Education by Iris Weiss (RTI, 1987)
gives some characteristics of the mathematics teaching
force. The mathematics teaching force closest to college
and university mathematics programs is the high school
teaching force, which is the focus of this section of the
report.

In the decade ending in 1986 the fraction of men on
senior high school mathematics faculties dropped from
two-thirds to only about one-half. Currently the vast
majority (94% ) of such faculty are white, 3% are black, 1%
are Hispanic, and 1C4 are Asian. The average age is 40 and
the average number of years of teaching experience is 14.2.
A high school mathematics teacher is slightly more likely
than not to have earned a degree beyond the bachelors.

Approximately one-quarter of high school mathematics
teachers do not have a degree in a mathematics or mathe-
matics educat ion field, but only 15% report teaching courses
that they are not certified to teach. This compares with 16r4
of science teachers with a degree in a field other than
science or science education, and 20(i; of science teachers
who reported teaching courses that they are not certified to
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teach, Most mathematics (84%) and science (89%) teach-
ers are certified in their respective fields. Certification is
determined locally, varies from district to district, and does
not imply a uniform set of qualifications across the states.

The National Council of Teachers of Mathematics
(NCTM) has developed guidelines for the preparation of
mathematics teachi-rs. The guidelines provide lists of com-
petencies and recommend courses to develop these compe-
tencies for prospective teachers of mathematics. For

instance, at the senior high school level the recommended
courses for mathematics teachers include, among others, at
least three courses of calculus, one of computer science,
and two courses in methods of teaching mathematics.
According to the Weiss survey, 36% of high school mathe-
matics teachers have not completed three courses in calcu-
lus, 27% have not completed a course in computer science,
and 46% have not completed two courses in methods of
teaching.

Perceptions of the quality of mathematics high school
teachers, based on self-evaluation and ratings by princi-
pals, reveal that most mathematics teachers enjoy teaching
(95%) and agree that they are "master" mathematics teach-
ers (63%). But their colleagues in science and in social
science and history are more likely to be rated highly com-
petent by the principals than are mathematics teachers,
with percentages of 72% versus 67%. Of those mathemat-

ics teachers not rated highly competent by the principals,
30% were considered competent and 3% incompetent.

In the Weiss survey (RTI, 1987), the most frequently
cited factors considered to be serious problems for mathe-
matics teachers were student related. Almost one-fourth of
senior high school mathematics teachers felt students' lack
of interest in science, inadequate reading abilities, and
absences were serious problems in their schools. Other
less frequently cited serious problems were lack of mate-
rials, insufficient funds, large class sizes, and inadequate
access to computers.

In addition to student-related problems, there are a host
of other sources of discontent that were not included in the
Weiss survey. The Coming Crisis in Teaching reports the
results of a Rand study (RAND. 1984) that queried teach-
ers about their views of the workplace. Between 40 (7( and
50% of teachers who had degrees that reflected their area
of teaching were dissatisfied because of a lack of adminis-
trative support, bureaucratic interference, a lack of auton-
omy, salaries, and other working conditions. Education
majors also registered a certain amount of' discontent with
these same working conditions, but much less frequently
(at percentages ranging from 5% to 25%) than did aca-
demic majors. Thus the most academically qualified
teachers were also the most dissatisfied and, because of'
this, are more likely to leave teaching.



Many policymakers and educators point to low salaries

as a major stumbling block to both improving the quality
and increasing the number of mathematics teachers. Since

salary schedules are generally the same for teachers re-
gardless of the subject, salary levels are more critical in
high-demand areas such as science and engineering. Dif-

ferential salary levels are being considered to address
teacher shortages bat have not yet been widely imple-
mented. In real terms, average annual public school s
ries fell during the 1970s and by the mid-I980s were almost

back to the 1970 level. The mean salary tbr teachers in
1986 was about $25,000. with wide variations among the

states (OTA, 1988b. p. 57). The average starting salaries
for public school teachers were $8.233 in 1975 and $16,500

in 1986. These compare to average starting salaries for
college graduate mathematical scientists in private indus-

try of $10,980 in 1975 and $23,976 in 1986 (BOC, 1988a).

Public school salaries are generally for 9 or 10 months, It'

a 9-month salary is translated to a 12-month basis, the 1975

average salaries for teachers and employees in private
industry were essentially the same. By 1986, however,
even the 12-month equivalent of the teacher salary was
about lOck less than the industry salary.

Both a high attrition rate. 9(4 in 1983, and a high
retirement rate, estimated to he over 4((4 from 1983 to
1993, of mathematics and science teachers signal major
replacement problems in the next few years (RAND.
1984). School districts may have to replace mathematics

teachers with teachers from other fields. Furthernmre,

increases in the demand f(tr secondary school mathematics

teachers are likel because of increased high school gradu-

ation requirements in mathematics and fewer collegiate
remedial programs in mathematics. current 2atterns
persist, then the prospects for a sufficient number of
qualified replacements arc dint.
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The college and universit mathematical sciences fac-
ulty. which accounts for about 5.5(.; of all faculty. numbers

approximately 50,000. including about 8.000 graduate
assistants and 15,000 part-time men ibers. This small but

Mathematical Scientists in the Workplace

critical work force has fundamental responsibilities for the

education of many U.S. workers, bears the principal re-
sponsibility for maintenance and development of the dis-
ciplines of mathematics and statistics, and is charged with

educating replacements and additions within its own ranks,

These responsibilities have changed dramatically over the

past 40 years. and there are major challenges projected by

the year 2000.

Approximately three of every four mathematical sci-
ences doctoral degree holders and about one of every four

master's degree holders are on these faculties, most of
whose members have their highest degrees in mathemat-

ics, mathematics education, or statistics. Among these

faculty members are approximately 10,000 of the nation's

estimated 11.000 research mathematical scientists. Ap-
proximately two-thirds of the 25,000 full-time faculty
members are tenured.

Balancing the supply and demand for faculty members

has been difficult because there have been no candidates in

reservethere are very few postdoctoral positions, and
mathematics is a field people leave rather than move into.

For many years, members of this faculty have come from

other countries, and that practice has increased since the
early 1970s as the number of U.S. citizens receiving
mathematical sciences doctorates annually has dropped
from over 900 to under 400.
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TABLE 5.3 Professional activities of four-year college and university mathematical sciences faculty

Mathematics
Public four-year Private four-year

-Statistics

Universities colleges colleges Universities

Classroom teaching performance 70 (3) 81 (2) 96 (4) 71 (6)

Published research 96 (0) 70 (10) 26 (39) 100 (0)

Service to department, college,
or university 31 (5) 63 (5) 66 (0) 31 (11)

Talks at professional meetings 42 (5) 49 (11) 13 (28) 25 (11)
Activities in professional societies

or public service 22 (8) 45 (4) 33 (9) 31 (6)

Supervision of graduate students 34 (7) 21 (32) 81 (0)

Undergraduate/graduate advising 9 (22) 24 (20) 39 (12) 21 (21)

Expository and/or popular articles 22 (13) 37 (14) 14 (40) 14 (19)

Textbook writing 9 (35) 17 (35) 11 (58) 12 (50)

NOTE: The first number in each cell is the percentage of departments responding that the activity was very important. The

number in parentheses is the percent of responses that indicated the actMty was of little or no importance. The possible

responses were 0,1,2,3,4, or 5 with 0 meaning "no importance" and 5 meaning "very important", and the others indicating

gradations between these. The percentages given above for b by ery important" represent the 4 and 5 responses while "little

or no importance" represents the 0 and 1 responses. By subtracting the sum of these percentages from 100, one can get the

percentage of 2 and 3 responses.

SOURCE: Conference Board of the Mathematical Sciences (CBMS, 1987).

The mathematical sciences faculty is more than 80%
male and more than 8014 white, with half of the others
being Asian-Americans. The age distribution, skewed by
the heavy hiring in the 1960s, predicts an increased retire-
ment rate by 20(X). Projected shortages of replacement
candidates and general demographic trends and reform
scenarios indicate even worse shortages.

What Faculty Members Do

Most colleges and univers:ties expect mathematical
sciences faculty members to perform in three areas: teach-
ing, service. and research. The definitions of these three
areas vary across institutions, and the boundaries are usu-
all blurred and do not include increasing responsibilities
for planning and reporting.

Teaching usually means having sole responsibility for
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conducting classes and evaluating student performance,
and the numbers of classes and students vary. Most full-
time faculty members in two-year or four-year colleges
teach three to five separate classes each semester, consti-
tuting 12 or more contact hours per week. Most university
faculty members teach one to three separate classes each
semester, with the one-course load being rare and the lower
loads occurring most frequently at institutions where the
research expectations are higher. Frequently at larger in-
stitutions. classes are large. and a faculty member lectures
1(X) to 300 students and has an assistant for grading,
conducting recitation or problem sessions. and helping
students outside of class. When no such assistance is
provided, class sizes are mostly in the 30 to 50 range at
public four-year colleges and universities and in the 20 to
30 range at private institutions. Introductory classes are
generally larger and advanced classes smaller. On aver-
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A Challenge of Numbers
. _

age, faculty members teach about 120 students per semes-
ter in two-year colleges, 100 per semester in public four-
year colleges, and 70 per semester in private four-year
colleges. Other teaching duties include student advising,
curriculum development, coordinating or supervising the
teaching of others, and proposal writing and grant admini-
stration.

Service activities of 'acuity members include consult-
ing, assisting public schools or community groups, institu-
tional committee work, recruiting students and faculty
members, and public relations.

The meaning of "research" varies from institution to
institution. At research institutions, especially those with
doctoral programs, the meaning of research in mathemat-
ics is usually clear. Research productiun usually means
publishing new theorems on mathematics in refereed re-
search journals or research monographs. In statistics, the
meaning is usually broader, especially for applied statisti-
cians. At other institutions, the definition of research
production may be broader and may include textbook
writing and expository writing, but there is no broader
definition that is generally accepted by the academic mathe-

matics community.
The CBMS surveys have asked department chairs to

rate the importance of various professional activities in
promotion or salary decisions. The most recent survey

50

<30 30-39 40-49 50-59

Age Category

FIGURE 5.9 Age distribution of full-time mathematical
sciences faculty in four-year colleges and universities.
SOURCE: Conference Board of the Mathematical Sciences
(CBMS, 1987); see Appendix Table A5.10.
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results supported the emphasis on research at universities,
with published research being most frequently cited as a
very important act'vity (Table 5.3). At colleges, more
importance was given to teaching activities.

For two-year colleges, the CI3MS questionnaire did not
ask the question summarized in Table 5.3 for four-year
colleges and universities. The survey of two-year colleges
asked for the percent of faculty engaging in certain profes-

TABLE 5.4 Professional activities of two-year college mathematical sciences faculty
1975 1980 1985

Attending at least one professional meeting per year 47 59 70

Taking additional courses during year 21 31

Attending mini-courses or short courses NA NA 31

Giving talks at professional meetings 9 15 16

Regular reading of articles in professional journals 47 57 72

Writing of expository and/or populaP articles 5 6 6

Writing research articles NA NA 3

Writing textbooks 15 10 4

NOTE: Numbers indicate percentage of faculty surveyed indicating participation in activity. NA means "not available."
SOURCE: Conference Board of the Mathematical Sciences (CBMS, 1987).
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sional activities. The 1985-1986 CBMS Survey resuits
showed that a maximum of 13% of the two-year mathe-
matical sciences faculty wrote either textbooks or research,
expository, or popular articles (Table 5.4).

An active program of scholarly activities outside of
assigned teaching and service duties is generally accepted
as necessary to keep faculty members intellectually alive
and abreast of the developments in their discipline and in
their profession. The losses from not having a program of
"continuing education" or faculty development will be
large if the discipline is changing and the curriculum is
responsive to society's needs. The mathematical sciences
are changing very rapidly, and a responsive curriculum
should be a national imperative. When faculty members
spend all of their working time conducting classes, espe-
cially low-level, routine courses, the losses in their effec-
tiveness art accelerated through forgetting, boredom, and
failing to keep up with new developments. A faculty
member teaching for 35 years is likely to teach as many as
8,000 students, and so losses in teaching effectiveness can
affect many students. In effect, intellectual capital (teach-
ing potential and effectiveness) is being spent to conduct
classes. Other professionalsfor example, engineers in
industryconsider continuing education essential to
maintaining competence. This consideration is gaining
broader acceptance and practice among academic mathe-
matical scientists, and new patterns of professionalism are
emerging.

Faculty Members by Duties and Credentials

In this section college and university mathematical
sciences faculty are categorized by type of institution,
academic credentials, full-time or part-time employment,
subject area(s ) taught, and research activity. The following
subsets are useful in analyzing faculty characteristics and
employment markets:

Doctorate full-time faculty members in four-year col-
leges and universities (FT-D-FYCU) number approxi-
mately 16.000. with 6.500 in doctoral-degree-granting
departments and 9,500 in master's-degree- and bachelor's-
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FIGURE 5.10 Estimated number of retirements of fuli-time
college and university mathematical sciences faculty.
SOURCE: Adapted from Conference Board of the Mathe-
matical Sciences (CBMS, 1987) and American Mathematical

Society (AMS, 1987).

degree-granting departments.
Research faculty members publish traditional original

research results regularly, and most have research r...
designated part of their jobs. The size of this component is
estimated at 10.000, constituting more than 90% of the
nation's mathematical sciences researchers. Almost all are
doctorate faculty at four-year colleges and universities, the
bulk being at the universities.

Non-doctorate fitll-time faculty members in fimr-year
colleges and universities (FT-ND-FYCU) number ap-
proximately 4,500, with 500 in the doctoral-degree-grant-
ing departments and 4,000 in the others.

Part-time faculty members in four-year colleges and
universities (PT-FYCU) of whom there are approximately
7,000, not including graduate teaching assistants.

Full-time two-year college faculty members (FT-TYC),
a component that includes approximately 6.500 members;
13% have doctorates.

Part-time two-year col lege faculty members ( PT-TYC).
who number approximately 7,500.

Graduate teaching assistants (CIA), a group with
approximately 8.000 members (all in doctoral and master's
degree-granting institutions). Approximately 45% teach
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their own classes, another 40% conduct quiz or recitation
sections, and the remainder perform other duties such as
tutoring or grading papers.

knother basis for separating the college and university
mathematical sciences faculty is by the fields in which they
teach, notably mathematics, statistics, or computer sci-
ence. (Although some faculty members work in other
areas such as operations research, no finer classification
will be made in this report.) The subsets of faculty given

Graduate school
30%

Another two-year college faculty
15%

Four-year college faculty
3%

Non-academic

employment 7%

Miscellaneous
7%

Secondary teaching
13%

Pan-time faculty at same institution
25%

Miscellaneous 50%

13%

reDeliarethns

Another two-year
college faculty

Non,a,ademic

employment
Four-year

Secondary teaching college faculty
9% 14%

FIGURE 5.11 Top: Source of new hires of two-year college
full-time faculty in mathematical sciences. Bottom: Destina-
tion of departing mathematical sciences two-year college full-

thne faculty. SOURCE: Conference Board of the Mathe-
matical Sciences (CBMS, 1987).
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above separate into these disciplines approximately as
given in Table 5.5.

The category "computer science" in Table 5.5 does nut
include faculty members in computer science departments,
but only those in mathematical sciences departments.
Also, although Table 5.5 includes many departments of
statistics, there are units in statistics in other academic
departments that are not included in this summary for
mathematical sciences departments.

Comparing the number of full-time and part-time fac-
ulty members by category of institution over the period
from 1970 to 1985 reveals little or no increase in full-time
faculty members even though enrollments increased dra-
matically. In fact at universities the number of full-time
mathematical sciences faculty in 1985 was 14% less than
in 1970 (Figure 5.6; see Appendix Table A5.8). This
represents a loss in both the mathematics faculty and the
statistics faculty. Colleges and universities employed
part-time faculty members to meet the demands of in-
creased teaching loads, and this part-time sector of the fac-
ulty more than tripled from 1970 to 1985 (Figure 5.6).
However, this trend has reversed; since the early 1980s the
hiring of full-time faculty members has increased. An
analysis of hiring for the period 1983 to 1988 is given in the
section titled "Four-year College and University Doctor-
ate Faculty."

The increase in part-time faculty members was not
enough to keep pace with enrollments. From 1970 to 1985
enrollments per FTE of faculty member increased, espe-
cially during 1970 to 1980. At both two- and four-year col-
leges, enrollments per FTE appeaied to level off, but at
universities the number of enrollments per FTE steadily
increased until 1985 (Figure 5.7). The data are combined
tor mathematical sciences and computer science ;n the
CBMS reports, but the data for mathematics alone yield
even higher numbers of enrollments per FrE.

These t om trends, steady increases in part-time faculty
and in enrc llments per faculty member, have apparently
been reversed in the 1980s. The heavy use of part-time
faculty members was viewed by many as a serious prob-
lem, as reflected in the 1985-1986 CBMS Survey (CB MS.
1987). The need to use temporary and pan-time faculty
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TABLE 5.5 Numbers of mathematical sciences faculty members by teaching area and type of institution, 1987
Mathematics Statistics Computer Science Total

FT-D-FYCU 13,200 1,500 1,300 16,000

FT-ND-FYCU 3,750 50 700 4,500

PT-FYCU 3,950 50 3,000 7,000

FT-TYC 5,600 200 700 6,500

PT-TYC 6,450 250 800 7,500

GTA 6,250 1,750 0 8,000

Estimated FTE 27,600 2,300 4,000 33,900

NOTE: Each part-time faculty member is considered one-third of FTE and each GTA is considered one-quarter of FTE.
Distribution of the faculty members is partially determined by the distribution of teaching responsibilities among the three
disciplines. See "Faculty Members by Duties and Credentials," p. 65, for expantion of acronyms.
SOURCES: These data are based on Conference Board of the Mathematical Sciences (CBMS, 1987) and American
Mathematical Society (AMS, 1976 to 1988).

members was classified as a very important problem by
35% of the responding university statistics departments,
42% of the university mathematics departments, 44% of
the public four-year college mathematics departments,
42% of the private four-year college mathematics depart-
ments, and 61% of the two-year college mathematics de-
partments.

The development of computer science was a contribut-
ing factor to faculty hiring practices in mathematical sci-
ences departrn-nts in the period from 1970 to 1985. As
computer science enrollments and the number of majors
increased rapidly, positionsfull-time and part-time
became available. Universities were much more likely to
have a separate computer science department than were the
four-year or two-year colleges. Thus, especially from
1970 to 1982, many facuhy members were hired to teach
computer science, not mathematics or statistics, which
would partially account for the dechne in the number of
full-time faculty in universities %Oil,- four-year full-time
faculties were growing, albeit slow Although verifying
data are not availabk. it is likely that the number of full-
time faculty members teachinr mathematics declined sig-
nificantly in the period from 1970 to 1982, with the growth

of computer science more than absorbing the new faculty
hiring.

The Research Faculty

Most of the active mathematics and statistics research-
ers in the United States are in the doctorate-granting
programs in universities. The 1984 David Report esti-
mated the mathematical sciences research community at
10,000, with 9,000 of these being faculty members in edu-
cational institutions and having research as their primary or
secondary activity (NRC, 1984). Of the 9,000 researchers
in cadernia, the David Report estimated that 5,500 pub-
lished regularly, 4,000 frequently, and 2,600 on a highly
productive schedule. Extrapolating those estimates to a
larger faculty yields approximately 11,000 active research-
ers in 1987.

A 1986 NSF survey (NSF, 1986a) of top research insti-
tutions, which yielded responses from 105 mathematical
sciences departments, showed an average per department
of 40 full-time faculty, up 7% from an average of 37 in a
similar 1974 survey and up from an average of 36 in 1980,
again reflecting the increased hiring in universities after

67



A Challenge of Numbers

TABLE 5.6 Age distribution of mathematical sciences faculty members in 105 research universities, 1980 and 19C ,
< 30 30-39 40-49 50-54 55-59 60-64 65

1980

1986

7.9%
6.7%

37.0%
25.8%

31.2%
36.4%

10.9%

12.6%

7.5%
9.9%

3.8%
6.5%

1.7%

2.1%

SOURCE: National Science Foundation (NSF, I986a).

1980. The percent of faculty with a recent doctorate
(received in the previous seven years) in the responding
departments dropped from 35% in 1974 to 22% in 1980 and
to 21% in 1986. At research institutions, some 5.5% of the
doctorate faculty in the mathematical sciences were aged
60 or over in 1980; 8.6% were in that age category in 1986
(Table 5.6). Except for computer science, this was the
lowest percent of faculty aged 60 and over for the 22 areas
of science and engineering surveyed.

The 1986 NSF survey also showed that the number of
womel. on the faculties of research universities was about
half that on the faculties of all four-year colleges and
universities, but their representation improved slightly
from 1980 to 1986, from 7.1% to 8.5% of the total faculty
(NSF, 1986a). In 1986 women constituted 5.1% of the
senior doctoral degree holders, 11.5% of tho.... with recent
doctorates, and 48.9% of the nondoctoral degree holders.
Blacks and Hispanics were also poorly represented on
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FIGURE 5.12 Source of two-year college part-time faculty in

mathematical sciences. SOURCE: Conference Board of the
Mathematical Sciences (CBMS, 1987).
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these faculties, but the representation of Asians was about
the same overrepresentation, in terms of their percentage of
the total U.S. population, as for all four-year institutions.

Mathematics topped all the sciences in the proportion
(35%) of full-time assistant professors with foreign bacca-
laureates. Only mechanical and electrical engineering had
larger proportions, and both of those were under 40%.
Physics was the second highest of the sciences at about
25% (NSF, 1987c).

Faculty Salaries

Generally, wages increase as the demand for workers
increases and as the supply decreases, but this is not so in
the college and university mathematical sciences faculty.
Normal economic analyses do not apply. In the period
from 1970 to 1985, compensation decreased as the number
of faculty candidates fell and the teaching responsibilities
increased. In constant dollars, professors (assistant, asso-
ciate, and full) were earning lower salaries in 1985 than in
1970. Across the board, almost without exception, from
doctorate-granting to master's-granting to bachelor's-
granting institutions, faculty members are not as well
compensated today as they were 15 years ago (Figure 5.8).

Ages (y. hwulty Members

Heavy hiring in the 1960s ot' relatively young faculty
members resulted in a faculty with more than half its
memben under age 40 in 1975. Decreased hiring since the
1970s has resulted in an older faculty (see Figure 5.9).
Similarities exist in the age distribution for doctorate
mathematical sciences faculty members (Table 5.6) and
for all faculty at four-year colleges and universities, except
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for a significantly larger fraction (18.5% in 1986) over the
age of 55 at research institutions. In 1985 half the fo.tr-year
college and university faculty members were 40 to 5 years
old, as were more than half of the two-year college faculty
members. The two-year college mathematical sciences
faculty also had a very large fraction (24%) of its members
in the 40 to 44 age bracket.

Estimates of retirements based on faculty age distribu-
tions indicate serious shortages of replacements by the year
2000 if present trends continue (see Appendix Tables
A5.10 and A5.11) Over the past several years, the full-
time mathematical sciences faculty at four-year colleges
and universities has been retiring at rates of nearly I% per
year. The average number of retirements or deaths among

the doctorate faculty for the five years from 1982 to 1987
was 142 per year, or about 1% per year. It is likely that
these estimates for the period 1986 to 1992 are low because
the data already available for 1986 and 1987 indicate a
higher rate of attrition through death and retirement; in
addition, early retirement options are increasing, and other
sources of data give larger percentages for the population
aged 60 and over. For example, NSF data give this
percentage as 10%. For two-year college faculty, the
estimate of retirements for the period 1986 to 1992, based
on the ages of faculty in 1985, is much lower than the 217
retirements or deaths reported in the CB MS survey for the
one year 1984-1985 (CBMS, 1987). Early retirements
from this faculty are apparently popular, as there was

TABLE 5.7 Full-time mathematical sciences faculty by ethnic origin and sex, 1985

Asian Black Hispanic
Native

American Men Women

All four-year colleges
All two-year colleges

Statistics
University mathematical sciences
Public four-year mathematical sciences
Private four-year mathematical sciences

7.1%

3%

3.5%

4%
3.4%
4%

0.1%

1%

85%

69 (4

90%

89%

81%

15%

31(7(

10%

11%

19

SOURCE: Conference Board of the Mathematkal Sciences (C: 1987h
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considerable attrition in the group aged 50 to 60 between
1980 and 1985. The current level of production of U.S.
Ph.D.s falls far short of the expected needed replacements
of retiring faculty members in corning years (Figure 5.10).

Women and Minorities on the Faculty

Table 5.7 shows the fractions of women, blacks, and
Hispanics on the college and university full-time mathe-
matical sciences faculty (CBMS, 1087). The representa-
tions of women on the faculties at four-year colleges (15%)
and at two-year colleges (31%) are very near their current
representations in the recipients of new doctorates and new
master's degrees. Among the various categories of insti-
tutions, universities have smaller fractions of each of
women, blacks, and Hispanics on their mathematical sci-
ences faculties.

Two-Year College Faculty Mobility

The 1985-1986 CBMS Survey (CB MS,1987) reported
the results of a 1979 survey (McKelvey, Albers, Liebeskind,
and Loftsgaarden) showing that more than 60% of all
mathematics faculty in two-year colleges had previously
taught in secondary schools, whereas the survey for 1985
showed that most new full-time hires came from either
graduate school or from the part-time faculty at the same
institution (Figure 5.11). The bulk (nearly 50%) of the
outflow was due to deaths and retirements.

To explain the 1979 survey's finding that 60c/e of the
faculty had previous experience in secondary teaching, one
needs to look at the source of part-time faculty, a major
feeder of the full-time faculty. For 1985 the major sources
of 7.500 part-time two-year colleges mathematical sci-
ences faculty were secondary school teachers and industry
employees (Figure 5.12).

Four-year College and University Doctorate Faculty

The number of doctorate faculty in the mathematical
sciences in four-year colleges and universities was ap-
proximately 16,000 in 1987 (CBMS, 1987). This faculty
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expanded from approximately 13,000 in 1975 and from
14,000 in 1980, reflecting a much faster rate of increase
during the 1980s when institutions finally began to address
the additional faculty needs brought on by increased al-
rollments. Various counts over the past years have in-
cluded computer science faculty in computer science
departments and in mathematical sciences departments.
The count of 16,000 in 1987 did not include faculty from
computer science departments, but it did include some
faculty members (approximately 1,300) who taught com-
puter science in mathematical sciences departments.

The number of new hires in this faculty has been in the
range of 1,200 to 1,300 in recent years, with 500 to 600 of
these being persons who have switched from one institu-
tion to another within this same faculty. Taking out this
internal movement, the principal source of new hires into
this faculty has been graduate school, and the principal
reasons for leavirg have been death and retirement and
nonacademic employment (Figure 5.13).

The net result of the inflows and outflows to and from
the mathematical sciences doctorate faculty since 1982 has
been an average increase of about 400 members per year.
The average net flow into this faculty can be organized into
six categories, but five of the categories sum to zero,
leaving the net increase as essentially the number hired
from graduate schools (Table 5.8).

Four-Year College and University Nondoctoraw Faculty

In 1987 there were approximately 4,500 nondoctorate
full-time faculty members in four-year colleges and uni-
versities. This is essemially the same number as reported
five years previously in 1982. Almost all of these faculty
members were in the institutions granting master's and
bachelor's degrees, with only about 400 reported as being
in doctorate-granting departments.

In .rent years the number of hires in this faculty has
been 500 to 600 (AMS. 1987). About 20% of these have
been persons switching institutions. The principal source
for additions to this faculty has been graduate school.
which has proviled 60% of the new hires in the past I ve
years. The other 40% have come from various sources.



including the part-time faculty and the two-year college
and high school faculties. The principal reasons persons
left this faculty were to return to graduate school for
doctoral work (19%), to move to the doctorate faculty after
earning a degree and not moving (18%), and because of
death and retirement (23%). There has been a small net
outflow (a 1982 to 1987 yearly average of 19) from this
faculty to nonacademic employment and a small net inflow
(a 1982 to 1987 yearly average of 8) from institutions
outside the United States.

Summary

Although about three-fourths of the people with college
degrees in the mathematical sciences are not identified as
mathematical scientists in the labor force, mathematical
scientists are becoming more visible in the workplace. The
number of workers so identified has tripled in the past
decade, and the fraction of those working in science and
engineering fields has increased dramatically. Still, al-
though nonacademic employment is increasing, three-
fourths of those with doctorates in the mathematical sci-
ences begin work in an educational institution. These
fractions are lower for applied mathematicians and statis-
ticians.

Although white males dominate employment as mathe-
matical scientists, particularly on the college and univer-
sity faculty, there is an increasing dependence on foreign
nationals. These situations leave the supply vulnerable to
predictable shifts in demographics and unpredictable shifts
in U.S. tbreign relations.

Mathematical Scientists in the Workplace

TABLE 5.8 Estimate of average annual net flow into doctoral

faculty at four-year colleges and universities, 1982 to 1987
Net Flow

Graduate schools 400
Non-doctorate faculty 70
Non-academic employment -50
Non-U.S. employment 50
Miscellaneous/unknown 100

Deaths and retirements -150
Total 420

SOURCE: Consolidated from American Mathematical
Society (AMS, 1976 to 1988).

There are currently shortages of secondary school
mathematics teachers, and these shortages are expected to
worsen in the future. Moreover the quality of teacher
education is of great concern. The collegiate mathematical
sciences faculty is aging and is of uncertain vitality. If
present trends continue, and as retirements increase over
the next decade, qualified replacements for both the ele-
mentary and secondary school and collegiate faculties will
be in short supply. It' the system were to be changed with
the intent of improving the quality of mathematics instruc-
tion and scholarship, the shortages would be dramatic. For
example, shortages would increase if teaching loads were
reduced, more research support became available for gradu-
ate fellowships and postdoctoral salaries, or full-time fac-
ulty assumed more responsibility for teaching.

P.N4
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Issues and Implications

The challenge of numbers in the foregoing chapters is clear: How can the natiba's
growing need for mathematically skilled workers be met in the face of shrinking
populations from which these workerc have been traditionally drawn? General
options include increasing the proportion of such workers from both traditional and
nontraditional sources and increasing the utilization and the effectiveness of available
workers. Specific actions that would lead to improvements are more difficult to
identify, and formulations of these will be left to the final report of the MS 2000
Committee. However, some segments of the general challenge are formulated below.

The five previous chapters describe the people in the
mathematical sciences from the perspective of college and
university programs. These peoplestudents, teachers,
and other workersare scattered throughout the educa-
tional system and the nonacademic workplace. I he picture
that emerges is stxongly influenced by two general facts:

The workplace is changing as jobs require higher-level
skills and greater adaptability. Mathematics-based jobs
are leading the way in increased demand.

If present patterns persist, most socioeconomic and
demographic trends indicate that fewer students will study
mathematics and choose mathematics-based careers.

These trends point to an increased demand for and a
shrinking supply of mathematical scientists and other
mathematically educated workers. The nation must recog-
nize this critical condition, and understand the major
challenge :t poses for U.S. education in general and for

college and university mathematical sciences in particular.
Educating workers for business and industry and teachers
for all levels of educ ation may require fundamental changes

in a system already stressed by the events of the past three
decades

Several issues that require the nation's attention are
apparent. These are raised by the following questions:

How can national needs for mathematically educated
workers be met? How can the expected shortage o mathe-
matically trained workers be averted? How can available
workers be better utilized? What incentives will attract
more interest in mathematics-based occupations, espe-
cially among women, blacks, and Hispanics?

What changes are necessary to attract more students
to the study of mathematics? How can the mathematical
sciences respond to the change in the traditional pool of
U.S. college students? What and who will stimulate stu-
dents to study the mathematical sciences? How can a more
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diverse group of students be attracted to mathematics,
reducing the heavy dependence on white males? What are
the consequences of heavy dependence on non-U.S. stu-
dents in graduate programs? How can teaching become
more effective and stimulating?

What can be done to improve the success rate of stu-

dents during the transition from high school mathemat-
ics to college mathematics? How can high school prepa-
ration and college expectations be better reconciled? What
effects are remedial programs and overlaps between the
content of high school courses and college courses having
on student attrition?

What can colleges and universities do to meet the na-

tional needfor school mathematics teachers? What is the

appropriate education for secondary school mathematics
teachers and for elementary school teachers? 'How can the
college and university faculty assist in implementing new
standards for school mathematics? What program of con-
tinuing education for teachers will enhance school mathe-
matics instruction?

What actions will spur renewal and revitalization of
the mathematical sciences faculty? What steps should be
taken to enstue replacements for the aging collegiate fac-
ulty? What is appropriate preparation for collegiate teach-
ing? What continuing program of scholarship for the non-
research faculty is necessary to maintain the intellectual
vitality of the profession? How can better compensation,
incentives, and working conditions be achieved and main-
tained? What is necessary to maintain and enhance the
research production of the faculty?
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How can better monitoring of the mathematical sci-
ences be implemented? How can both professional or-
ganizations and government agencies cooperate in the col-
lection and reporting of infomiation? How can data be col-
lected, organized, and disaggregated to provide a compre-
hensive view of the mathematical sciences community?
How can mathematical scientists be identified in the non-
academic workplace?

How can colleges and universities prepare graduates
who are more valuable and effective in the nonacademic
workplace? What changes would make mathematics
graduates more valuable to business and industry? How
can the full potential of the contributions of mathematical
scientists be explored? What new educational programs
could diversify the employment opportunities for mathe-
matical scientists? Are there unrecognized opportunities
for the Ph.D. in the mathematical sciences?

Although these issues center on the mathematical sci-
ences enterprise in U.S. colleges and universities, they
have implications for all of society. Monitoring and
maintaining the health of this administratively decentral-
ized and diverse enterprise transcend the normal roles and
responsibilities of academic systems. These concerns and
the importance of a continued healthy flow of mathemati-
cal talent are the reasons that the MS 2000 project and, in
particular. this report wo.e begun. The forthcoming de-
scriptive reports on curriculum and resources and the pre-
scriptive final report of the MS 2000 Committee will pro-
vide the nation with an agenda for revitalization of college
and university mathematical sciences and with recommen-
dations for continued monitoring and assessment.
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TABLE A2.1 Educational attainment of the civilian labor force (percent distribution)
Years of school 1965 1975 1984 2000

(new jobs)

Less than 4 years of high school 42.5 29.3 19.5 14.0
High school (4 years) 35.5 39.6 40.7 35.0

College (1-3 years) 10.5 15.5 19.0 22.0
College (4+ years) 11.6 15.7 20.9 30.0

Median number of years in school 12.2 12.5 12.8 13.5

SOURCES: Bureau of Labor Statistics (BLS, 1987, p. 98) and Bureau of Labor Statistics (BLS, 1985, p. 164).

TABLE A2.2 Population of 18- to 24-year-olds

Race or ethnic group 1970 1975 1980 1985 1990 1995 2000 2010

Total (in millions) 24.7 28.0 30.3 28.7 25.8 23.7 24.6 27.7
Hispanic origin a a a 2.3 2.4 2.5 2.8 3.6
White 21.5 24.0 25.6 21.6 18.9 16.9 17.2 18.6
Black 2.8 3.5 4.0 4.1 3.8 3.5 3.8 4.6
Other races 0.4 0.5 0.7 0.8 0.8 0.9 1.0 1.1

Total (percent distribution) 100 100 100 100 :00
Hispanic origin 8 C 11 11 13
White 7:; 73 71 70 67
Black 14 15 15 15 17
Other races 3 3 4 4 4

a Persons of Hispanic origin were included in white, black, and other races during 1970 to 1980.

SOURCES: Bureau of the Census (BOC, 1982; 1986, p. 14).
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TABLE A2.3 High school dropouts among 18- and 19-year-olds (percent distribution)

Race or ethnic group 1970 1975

Total 16.2 16.0

Hispanic origin - 30.1

White 14.1 14.7

Black 31.2 25.4

1980 1985

15.7 14.3

39.0 30.6
14.9 13.8

21.2 17.3

NOTE: High school dropouts are considered to be those not enrolled in school and not high school graduates.

SOURCE: National Center for Education Statistics (NCES. 1987a. p. 86).

TABLE A2.4 Enrollment ratec of 18- to 24-year-olds in institutions of higher education

Race or ethnic group 1970 1975 1980 1985 1986

Enrollment as a percent of 18 to 24 year olds

Total 25.7 26.3 25.6 27.8

Hispanic origin - 20.4 16.1 16.9

White 27.1 26.9 26.2 28.7

Black 15.5 20.7 19.2 19.8

Enrollment as a percent of high school graduates

Total 32.7 32.5 31.6 33.7 34.0

Hispanic origin - 35.5 29.8 26.9 29.4

White 312 32.4 31.8 34.4 34.5

Black 26.0 32.0 27.6 26.1 28.6

SOURCES: National Center for Education Statistics (NCES, 1987a, p. 15$; 1988b, p. 14).

TABLE A2.5 Enrollment rates of 25- to 34-year-olds in institutions of higher education

Race or ethnic group 1976 1980 1984 1986

Enrollment as a percent of high school graduates

Total 9.6 8.9 8.6 8.3

Hispanic origin 10.9 9.2 9.9 10.4

White 9.2 8.7 8.4 8.0

Black 11.9 9.6 8.1 7.8

SOURCE: National ('enter for Education Statistics (NCES, 1988b, p. 14).
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TABLE A2.6 Bachelor's degrees conferred by institutions of higher education

Appendix Tables

Mkjor 1971 1975 1980 1985 1971 to 1985
(% change)

Total 839,730 922,933 929,417 979,477 17

Agriculture and home economics 23,839 34,300 41,213 33,662 41

Business and management 114,865 133,010 185,361 233351 103
Computer and information sciences 2,388 5,033 11,154 38,878 1,528
Education 176,614 167,015 118.169 88,161 -50
Engineering and engineering technologies 50,046 46,852 68,893 96,105 92

English/letters 64,933 48.534 33,497 34,091 -47
Fine arts 30,394 40,782 40,892 37,936 25
Health sciences 25,190 48,858 63,607 64,513 156
Humanitiesa 44,741 53,112 54,176 65,618 47
Life sciences 35,743 51,741 46,370 38,445 8

Mathematics 24,801 18,181 11,378 15,146 -39
Physical sciences 21,412 20,778 23.410 23,732 11

Social sciences and psychology 193,116 186,153 145,481 131,272 -32
Professionalb 17,336 39,931 50,660 42,492 145
Otheic 14,312 28,653 35,156 36.075 152

Total (percent distribution) 100 100 100 100

Agriculture and home economics 3 4 4 3

Business and management 14 14 20 24
Computer and information sciences 0 1 1 4
Education 21 18 13 9

Engineering and engineering technologies 6 5 7 10

English/letters 8 5 4 3

Fine arts 4 4 4 4
Health sciences 3 5 7 7

Humanitiesa 5 6 6 7

Life sciences 4 6 5 4

Mathematics 3 2 1 2

Physical sciences 3 1- 3 2

Social sciences and psychology 23 20 16 13

ProfessionaP' 1 4 5 4
Other 2 3 4 4

a Includes area and ethnic studies, communications, foreign languages, philosophy, religion, and theology.
° Includes architecture and environmental design, communication technologies, library and archival sciences, military
sciences, parks and recreation, protective services, and public affairs.
c Includes law, liberal/general studies, and multi/interdisciplinary studies.
SOURCE: National Center for Education Statistics (NCES, I987a, p. 190).
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TABLE A2.7 Undergraduate enrollment in institutions of higher education
Race or ethnic group 1976 1978 1980 1982 1984 1986

Total (in millions) 9.50 9.80 10.60 10.90 10.60 10.80
Hispanic origin 0.36 0.39 0.44 0.49 0.50 0.57
White 7.80 7.90 8.60 8.70 8.50 8.60
Black 0.95 0.98 1.00 1.00 1.00 1.00

Total (percent distribution) 100 100 100 100 100 1(X)

Hispanic origin 3.7 4.0 4.1 4.5 4.7 5.3

White 82.2 81.4 81.0 80.5 80.0 79.2

Black 10.0 10.0 9.7 9.4 9.4 9.2

NOTE: Figures include nonresident aliens.
SOURCE: National Center for Education Statistics (NCES, 1988b, p. 12).

TABLE A2.8 Persistence rates for 1980 high school graduates

From
AY Summer AY Summer AY Summer AY From high

80-81 1981 81-82 1982 82-83 1983 83-84 start school

Total 93.3 92.5 87.3 93.3 96.4 95.1 84.2 54.3 15.7

Gender
Male 94.1 93.1 86.5 93.5 96.4 959 85.1 55.7 15.4
Female 92.5 91.9 88.1 93.1 96.4 94.4 83.4 53.0 16.0

Race or ethnicity
White 93.4 93.1 87.7 93.6 96.7 95.5 84.3 55.6 16.9
Black 91.7 89.9 83.8 90.4 93.0 92.1 81.3 43.5 11.6
Hispanic 90.6 83.0 85.6 92.3 96.6 92.2 80.1 42.3 6.5
Asian 99.4 91.8 90.1 (,th8 98.5 93.4 88.6 60.9 27.1

Socioeconomic quartile
Low quartile 91.7 90.4 79.9 91.3 94.9 86.4 84.2 41.7 6.1
High quartile 95.9 93.5 90.8 93,6 96.9 97.0 84.3 60.4 31.9

Type of college 9/80
Public 4-year 93.1 92.3 87.6 93.2 96.2 93.8 82.9 52.5 a
Private 4-year 93.6 92.8 86.8 93.3 96.8 97.5 86.6 57.6 a

a Not computed.
SOURCE: National Center for Education Statistics (NCES, 1989).
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TABLE A2.9 Anticipated college major (percent distribution)

Major 1966 1970 1975 1980 1985

Total 1(X) 100 100 100 100

Agriculture 1.9 2.0 3.9 2.9 2,0

Business 14.3 16.2 18.9 21.3 24.8

Computer science NA NA 1.0 4 2.5 2.3

Education 10.6 11.6 9.9 7.7 7.1

Engineering 9.8 8.6 7.9 11.8 10.7

English 4.4 3.0 1.0 0.9 1.0

Fine arts 8.4 9.2 6.2 5 3,8

Health sciences 5.3 7.4 7.3 9.2 8.9

Humanities 4.7 3.5 2.1 2.1 2.1

Life sciences 3.7 3.5 6.3 3.7 3.4

Mathematical sciences 4.5 3.3 ! .1 0,6 0.S

Physical sciences 3.3 2.3 2.7 2.0 1.6

Social sciences NA 8.9 6.2 4.7 5.2

Other or undecided 29.1 20.5 25.5 25.6 26.3

a Data for 1977, which is first year data available.

NOTE: NA means not available.

SOURCE: Cooperative Institutional Research Program (CIRP, 1987b, p. 90).
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TABLE A2.10 Numbers and attainment rates of master's and doctoral degrees for selected fields, 1971 to 1985
Field Degrees awarded for specified period Attainment rate

B.S. M.S. M.S./B.S.
(1971 to 1983) (1973 to 1985) (2-year lag)

Engineering 659,101 219,700 33%

Life sciences 594,785 81,221 14%

Physical sciences 289,783 72,614 25%

Mathematical sciences 212,460 44,764 21%

Field Degrees awarded for specified period Attainment rate

M.S. Ph.D. Ph.D./M.S.
(1971 to 1980) (1976 to 1985) (5-year lag)

Engineering 158,970 27,035 17%

Life sciences 65,037 34,947 54%

Physical sciences 57,808 32,501 56%
Mathematical sciences 41,399 7,439 18%

Field Degrees awarded for specified period Attainment rate

B.S. Ph.D. Ph.D./B.S.
(1971 to 1978) (1978 to 1985) (7-year lag)

Engineering 345,122 21,633 6%

Life sciences 374,732 28,158 8%

Physical sciences 171,757 25,729 15%

Mathematical sciences 154,146 5,760 4%

SOURCE: Adapted from National Center for Education Statistics (NCES. 1987a, pp. 190-192).
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TABLE A3.1 Attitudes of 8th and 12th grade mathematics students toward mathematics, 1981.1982 school year

Percent giviu a high rating
8th grade 12th gradeSurvey statement

I usually understand what we are talking about in class 71 75

I really want to do well in mathematics 87 91

I feel good when I solve a mathematics problem by myself 78 91

My parents really want me to do well in mathematics 86 89

It does not scare me to have to take mathematics 71 81

Mathematics is easier for me than for most persons 56 76

If I had a choice. I would learn more mathematics 66 76

Mathematics helps me think logically 64 85

There is usually a rule to follow in mathematics 82 67

Percent of 8th grade students
giving a high rating to:

Importance Ease Likes

Percent of 12th grade students
giving a high rating to:

Importance Ease Likes

Memorizing 84 36 11-- Equations 94 71 71
Measures 83 51 43 Checking 90 78 29
Checking 79 72 15 Memorizing 85 46 18
Equations 78 53 44 Calculators 80 95 85
Decimals 76 56 44 Word problems 78 26 29

Estimating 68 68 49 Function graphs 69 64 37
Charts and graphs 67 74 57 Probability 66 34 37
Ratios and proportions 67 45 35 Charts and graphs 62 80 42
Word problems 66 39 28 Complex numbers 62 51 37
Tables 61 49 37 Derivatives 56 37 34

Geometric figures 60 45 38 Limits 55 42 30
Calculators 54 86 75 Sequences and series 53 43 33
Inequalities 50 35 15 Proofs 51 20 18
Sets 47 57 38 Nick. tors 48 41 30
Drawing f igures 46 55 42 Integrals 46 26 25

All subtopics 66 55 40 All subtopics 66 50 37

SOURCE: As reported in National Science Board \till. 1987. pp. 193-194).
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TABLE A3.2 Average SAT scores in mathematics, 1970 to 1987

1970 1975 1980 1985 1987

All students 488 472 466 475 476

Male 509 495 491 499 500

Female 465 449 443 452 453

American Indian 420 a 426 428 432

Asian-American 518 3 509 518 521

Black 354 3 360 376 377

Mexican-American 410 3 413 426 424

Puerto Rican 401 a 394 409 400

White 493 a 482 490 489

Average scores for 1976.

SOURCE: College Entrance Examination Board (CEEB, 1987, pp. iii, v).

TABLE A3.3 Average ACT scores in mathematics, 1970 to 1988

1970 1975 1980 1985 1986 1987 1988

All students 20.0 17.6 17.4 17.2 17.3 17.2 17 .2

Male 21.1 19.3 18.9 18.6 18.8 18.6 18.4

Female 18.8 16.2 16.2 16.0 16.0 16.1 16.1

SOURCES: American College Testing Program (ACT, 1989) and Bureau of tile Census (BOC, 1988a, p. 137).
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TABLE A3.4 Average NAEP scores in mathematics,

1973 to 1986

1973 1978 1982 1986

Nine-year-olds

Total 219.1 218.b 219.0 221.7
Male 217.7 217.4 217.1 221.7
Female 220.4 219.9 220.8 221.7
White 224.9 224.1 224.0 226.9
Black 190.0 192.4 194.9 201.6
Hispanic 202.1 202.9 204.0 205.4

Thirteen-year-olds

Total 266.0 264.1 268.6 269.0
Male 265.1 263.6 269.2 270.0
Female 266.9 264.7 268.0 268.0
White 273.7 271.6 274.4 273.6
Black 227.7 229.6 240.4 249.2
Hispanic 238.8 238.0 252.4 254.3

Seventeen-year-olds

Total 304.4 300.4 298.5 302.0
Male 308.5 303.8 301.5 304.7
Female 300.6 297.1 295.6 299.4
White 310.1 305.9 303.7 307.5
Black 269.8 268.4 271.8 278.6
Hispanic 277.2 276.3 276.7 283.1

NOTE: The NAEP has summarized trends in average
mathematics proficiency on a common scale ranging from
0 to 500. This is a composite of the student performance
on the five content areas. It takes the form of the score on
a hypothetical 500-item test composed of questions
reflecting the proportional weighting of the subareas.
Those average scores are given above, including the ones
extrapolated for 1973.

SOURCE: Educational Testing Service (ETS. 1988).
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TABLE A3.5 Enrollments in selected mathematics courses in colleges and universities (in thousands)

Subject 1965 1970 1975 1980 1985 1965-1985
(% increase)

Arithmetic and general math 29 23 32 63 45 55
High school algebra and geometry 60 78 109 179 202 237
College algebra, trigonometry 262 301 259 345 352 34

Total math enrollment 1.005 1,215 1,252 1,525 1,619 61

SOURCE: Conference Board of the Mathematical Sciences (CBMS, 1987, p. 21).

TABLE A3,6 Enrollments in undergraduate mathematical sciences departments by type of institution (in thousands)

1960 1965 1970 1975 1980 1985

Two-year colleges
Remedial NA 109 191 346 441 482
Pre-calculus NA 92 124 149 175 182
Calculus rA 46 69 76 91 103
Other NA 91 171 266 218 133
Computer/data processing NA 5 13 10 95 98
Statistics NA 5 16 27 28 36

Total NA 348 584 874 1,048 1,034

Four-year colleges and universities
Remedial 96 89 101 141 242 251
Pre-calculus 349 468 538 555 602 593
Calculus 180 315 414 450 590 637
Advanced 91 133 162 106 91 138

Total 717 1,005 1,215 1.252 1.525 1,619

Total undergraduate enrollments in mathematical sciences departments
Remedial NA 198 292 487 683 733
Pre-calculus' NA 661 862 1,007 1,118 1,042
Calculus NA 361 483 516 681 740
Advanced NA 133 162 106 91 138

Total NA

Undergraduate enrollments in statistics

1,353 1,799 2.126 2,573 2.653

Elementary 4 I I 57 99 104 144
Advanced 16 31 35 41 43 64

Total 20 43 92 141 147 208

' 1966 data used for two-year colleges, since 1965 data are not available.
h Includes other, computer/data processing, and statistics at two-year colleges.
NA Data not reported or not applicable.
SOURCE: Conference Board of the Mathematical Sciences (CBMS, 1987, pp. 18, 31, 120).
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TABLE A3.7 Mean number of semester credits completed by bachelor's degree recipients, by major and by course area:

Social Other
sci.

1972 to 1976 and 1983 to 1984

Selected

college
majors

Total
_

Bus.
.

Comp.
sci.

Course areas_ _

Educ. Eng. Math. Bio.
sci.

Phys.
sci.

1972 to 1976a

Mean, all majors 124.0 7.8 1.0 9.7 2.3 7.4 7.6 9.0

Business and management 124.4 41.2 2.3 0.5 0.4 10.2 2.5 4.8
Computer science 133.3 6.6 33.5 0.4 5.3 22.4 1.9 7.8
Education 126.4 0.9 0.3 40.2 N A 5.0 5.5 4.3
Engineering 134.8 1.6 2.0 0.1 50.0 18.2 1.3 20.5
English 117.8 0.5 0.1 7.8 0.1 3.2 3.4 3.4

Fine arts 124.9 0.3 0.1 6.6 NA 1.3 2.5 2.1
Life sciences 122.2 0.4 0.8 1.7 NA 8.4 35.6 26.2
Physical sciences 122.7 0.8 1.4 0.9 1.9 16.2 9.6 49.5
Psychology 119.1 2.0 0.5 5.9 0.3 5.5 6.2 5.9
Social sciences 120.6 3.4 0.4 3.3 0.4 5.3 3.2 4.3

1980 to 1984h

Mean, all majors 123.5 12.8 3.3 6.2 4.6 8.4 5.3 8.1

Business and management 122.8 41.2 4.5 0.6 1.1 8.9 2.2 3.9
Computer science 129.3 11.8 27.9 0.3 4.7 21.3 1.8 8.5
Education 127.4 0.7 0.3 45.5 0.1 4.4 4.4 3.8
Engineering 132.3 1.0 2.3 0.8 52.5 16.2 1.1 20.1
English 114.8 1.7 1.5 6.9 NA 2.2 2.1 4.7

Fine arts 120.5 1.7 0.6 5.1 NA 1.7 2.7 1.5
Life sciences 121.9 0.7 1.5 1.9 0.2 10.1 33.5 22.6
Physical sciences 124.3 0.2 4.9 0.1 2.0 14.1 12.9 48.7
Psychology 120.7 3.0 2.7 2.1 NA 6.5 5.8 4.2
Social sciences 119.2 6.0 1.4 1.0 0.5 5.4 4.4 5.1

Sample survey based ori 1972 high school seniors who completed bachelor's degrees by 1976.
b Sample survey based on 1980 high school seniors who completed bachelor's degrees by 1984.
NA Data not reported or not applicable.
NOTE: Because of rounding, details may not add to totals.
SOURCES: National Center for Education Statistics (NCES, 1985; 1987a, p. 220).

30.3 48.8

30.4 32.0
20.6 34.8
23.9 46.4
14.0 27.1
24.2 75.2

13.6 98.4
17.8 31.3
13.1 29.2
56.0 36.9
60.3 40.1

27.5 47.2

27.5 32.7
19.0 33.9
20.8 47.3
12.3 15.9
21.4 74.4

14.1 93.1
18.1 33.3
11.6 30.0
55.1 41.2
51.0 43.3
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TABLE A4.1 %lumber of mathematical sciences degrees awarded, 1950 to 1986

Bachelor's degrees Master's degrees Doctoral degrees

Total Men Women Total Men Women Total Men Women

1950 6,382 4,942 1,440 974 784 190 160 151 9

1952 4,696 3,374 1,322 802 663 139 206 195 11

1954 4,078 2.717 1,361 706 579 127 227 213 14

1956 4,646 3.128 1,518 898 719 179 235 /25 10

1958 6,905 4,943 1.962 1,234 994 240 247 232 15

1960 11,399 8.293 3,106 1,757 1,422 335 303 285 18

1962 14,570 10,331 4.239 2,680 2,179 501 396 372 24

1964 18,624 12,656 5,968 3,597 2,911 686 596 567 29

1966 19.977 13,326 6,651 4,769 3,769 1,000 782 725 57

1968 23,513 14,782 8,731 5,527 4,199 1,328 947 895 52

1970 27,442 17,177 10,265 5,636 3,966 1,670 1,236 1,140 96

1971 24,801 15,369 9,432 5,191 3,673 1,518 1,199 1,106 93

1972 23.713 14,454 9,259 5,198 3.655 1,543 1.128 1,039 89

1973 23,067 13.796 9,271 5,028 3,5/5 1.503 1,068 966 102

1974 21,635 12.791 8,844 4,834 3,337 1.497 1,03 ! 931 100

1975 18.181 10,586 7.595 4.327 2.905 1.422 975 865 110

1976 15.984 9,475 6,509 3,857 2,547 1.310 856 762 94

1977 14.196 8.303 5,893 3.695 2,3% 1.299 823 714 109

19/8 17.569 7.398 5.171 3.373 2.228 1.145 805 681 124

1979 11.806 6,899 4,907 3,036 1,985 1,051 730 608 122

1980 11.378 6.562 4,816 2.860 1.828 1.032 724 624 100

1981 11,078 6.342 4.736 2,567 1.692 875 728 614 114

1982 11.599 6.593 50)6 2.727 1.821 906 681 587 94

1983 12.453 6.995 5.458 2,837 1.858 979 698 582 116

1984 13.211 7.366 5,845 2.741 1.791 950 695 569 126

1985 15,146 8.164 6.982 2.882 1.874 1.008 699 590 109

1986 16.306 8,725 7.581 3.159 2.047 1.112 742 618 124

SOURCE: National Center for Education Statistics (NCES. 1988a, p. 237).
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TABLE A4.2 Comparison of actual versus expected number of mathematical sciences bachelor's degrees
First year full-time

enrollments
(in thousands)

Anticipated major
mathematics/statsistics

(percent)

Expected number
of degrees

(4 years later)

Actual number
of degrees

(4 years later)

Ratio,
actual/

expected

1967 1,335 4.2 56,070 24,801 0.44
1968 1,471 4.0 58,840 23,713 0.40
1969 1,525 3.5 53,375 23,067 0.43
1970 1,587 3.3 52,371 21,635 0.41
1971 1,606 2.7 43,362 18,181 0.42

1972 1,574 2.2 34,628 15,984 0.46
1973 1,607 1.7 27,319 14,196 0.52
1974 1,673 1,4 23,422 12,569 0.54
1975 1,763 1.1 19,393 11,806 0.61
1976 1,663 1.0 16,630 11,378 0.68

1977 1,681 0.8 13,448 11.078 0.82
1978 1,651 0.9 14,859 11,599 0.78
1979 1,706 0.6 10,236 12.453 1.22
1980 1,749 0.6 10,494 13,211 1.26
1981 1,738 0.6 10,428 15,146 1.45

982 1,688 0.6 10,128 16,306 1.61
1:13 1,678 0.8 13,424 - -
1984 1,613 0.8 12,904 - -
1985 1,602 0.8 12,816 - -
SOURCES: Ad...Wed from Cooperative Institutional Research Program (CIRP, 1987b, p. 90) and National Center for
Education Statistics (NCES, 1987a, pp. 130, 207).

TABLE A4.3 Anticipated college major and probable career occupation Ipercent distributionl
1966 1970 1975 1980 1985 1987

Anticipated college major
Education 10.6
Mathematics 4.5

Probable career occupation
Elementary education
Secondary education

7.6

11.6 9.9 7.7 7.1
3.3 1.1 0.6 0.8

8.0 3.0 3.8
14.1 11.3 3.5

3.8
2.4

8.9
0.6

5.0
3.1

SOURCES: Cooperative Institutional Research Program (CIRP, 1987a; 1987b, pp. 90, 94),
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TABLE A4.4 Number of education and mathematics education degrees for selected years

1971 1981 1983 1984 1985 1986

Bachelor's degrees
Education, total 176,614 108,309 97,991 92,382 88,161 87,221

Mathematics education 2,217 798 672 775 1,027 1,259

Percentage of total education degrees 1.3 0.7 0.7 0.8 1.2 1.4

Master's degrees
Education, total 88,952 98,938 84,853 77,187 76,137 76,353

Mathematics education 372 439 416 426 444
Percentage of total education degrees 0.4 0.5 0.5 0.6 0.6

Doctoral degrees
Education, total 6,403 7,900 7,551 7,473 7,151 7,110
Mathematics education 30 24 32 29 32

Percentage of total education degrees 0.4 0.3 0.4 0.4 0.5

SOURCES: National Center for Education Statistics (NCES, 1984; 1987a) and unpublished data.
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TABLE A4.5 Full-tIme graduate students In doctorate-granting Institutions for selected flews, 1975 to 1986

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986

Mathematical
sciences 10,039 10,157 9,814 9,296 9,136 9,368 9,680 10,174 10,312 10,613 11,168 11,767

U.S. citizens 8,176 7,996 7,433 6,755 6,337 6,213 6,159 6,453 6,232 6,266 6,516 6,805
Foreign students 1,863 2,161 2,381 2,541 2,799 3,155 3,521 3,721 4,080 4,347 4,652 4,962

Physical sciences 21,274 21,582 21,747 21,497 21,797 22,254 22,600 23,330 24,492 25,149 25,967 27,074
U.S. citizens 16,883 17,155 17,174 16,684 16,621 16,668 16,523 17,038 17,451 17,720 17,700 17,922
Foreign students 4,391 4,427 4,573 4,813 5,176 5,586 6,077 6,292 7,041 7,429 8,267 9,152

Engineering 37,083 36,434 36,675 37,057 39,344 41,939 44,817 48,687 53,516 54,757 55,940 59,925
U.S. citizens 25,196 24,161 23,346 22,657 23,133 24,436 25,616 27,875 31,110 31,962 32,203 33,298
Foreign students 11,887 12,273 13,329 14,400 16,211 17,503 19,201 20,812 22,406 22,795 23,737 26,627

Total, science
& Engineering 210,321 214,089 217,453 216,608 223,409 230,535 234,194 2.36,939 243,540 246,718 251,147 259,980

U.S. citizens 177,193 179,689 180,597 176,647 178,659 181,864 181,596 181,637 183.642 185,283 184,753 187,171
Foreign students 33,128 34,400 36,856 39,961 44,750 48,671 52,598 55,302 598,98 61,435 66,394 72,809

Percent distribution

Mathematical
Sciencen 1(X) 1(X) 1(X) 1(X) 1(X) 1(X) 1(X) 1(X) 1(X) 1(X) 1(X) 1(X)

U.S. citizens 81 79 76 73 69 66 64 63 60 59 58 58
Foreign students 19 21 24 17 31 34 36 37 40 41 42 42

Physical sciences 1(X) 1(X) 1(X) 1(X) 1(X) 1(X) 1(X) 1(X) 1(X) 1(X) I(X) 1(X)
U.S. citizens 79 79 79 78 76 75 73 73 71 70 68 66
Foreign students 21 11 21 22 24 25 27 27 29 30 31 34

Engineering 1(X) 1(X) 1(X) 1(X) 1(X) 1(X) 1(X) 1(X) I (X) 1(X) 1(X) 1(X)
U.S. citizens 68 66 64 61 59 58 57 57 58 58 58 56
Foreign students 32 34 36 39 41 42 43 43 42 42 41 44

Total. science
& engineering 1(X) 1(X) 1(X) 1(X) 1(X) 1(X) 1(X) 1(X) 1(X) 1(X) 1(X) 1(X)

U.S. citizens 84 84 83 82 80 79 78 77 75 75 74 71
Foreign students 16 16 17 18 20 21 22 23 25 25 26 28

LA SOURCE; National Science Foundation (NSF, 1988a, p. 81).



TABLE A4.6 Enrollments in doctorate-granting institutions for mathematical sciences by sex, 1975 to 1986

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986

Full-time enrollments

Mathematical sciences 10,039 10,281 9,814 9,296 9,136 9,368 9,680 10,174 10,312 10,613 11,168 11,767

Men 7,918 8.034 7.681 7,271 7.140 7,228 7,322 7,622 7,646 7,876 8,198 8,599

Women 2,121 2,247 2,133 2,025 1,996 2,140 2,358 2,552 2,666 2,737 2,970 3,168

Percent distribution 1(X) WO 1(X) 100 100 100 100 100 1(X) 100 100 100

Men 79 78 78 78 78 77 76 75 74 74 73 73

Women 21 22 22 22 22 23 24 25 26 26 27 27

Part-time enrolhnents

Mathematical Sciences 4,352 4,470 4,080 3,898 4,044 4,257 4,324 4,584 4,560 4,454 4,100 3,911

Men NA NA 2,836 2,681 2,751 2,940 2,952 3,028 3,001 2,957 2,625 2,477

Women NA NA 1,244 1,217 1,293 1,317 1,372 1,556 1,559 1,497 1,475 1,434

Percent distribution 1(X) 1(X) 100 1(X) 1(X) 100 100 1(X) 100 100 100 100

Men NA NA 70 69 68 69 68 66 66 66 64 63

Women NA NA 30 31 32 31 32 34 34 34 36 37

NA Not available.
SOURCE: National Science Foundation (NSF, 1988a, pp. 80-82).
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TABLE 44.7 Source of major support for full-time mathe-
matical sciences graduate students in doctorate-granting
institutions, 1986
Source of major support Men Women Total

Total, all sources 8,599 3,168 11,767
Federal 808 184 992
Institutional 5,911 2,271 8,182
Other outside support 484 103 587
Self support 1,396 610 2,006

Percent distribution
Total, all sources 100 100 1()0

Federal 9 6 8

Institutional 69 72 70
Other outside support 6 3 5

Self support 16 19 17

SOURCE: National Science Foundation (NSF, 1988a, p. 49).

TABLE A4.8 Type of major support for full-time graduate students in doctorate-granting institutions for selected fields, 1986
Total,

Type of major support
Mathematical

sciences
Physical
sciences Engineering

Total,
sciences

science and
engineering

Total 11,767 27,074 59,925 200,055 259,980
Fellowships 871 1,899 4,929 18,516 23,445
Traineeships 136 477 852 13,048 13.9(X)

Research assistantships 1,012 10.847 20.407 45,153 65,560
T-aching assistantships 6,897 11,329 10,973 49,954 60,927
Other types of support 2,851 1.511 22,764 73,384 96,148

Total (percent distribution) 100 100 100 100 100
Fellowships 7 7 8 9 9
Traineeships 1

1
1 7 5

Research assistantships 9 40 34 13 25

Teaching assistantships 59 42 18 15 23

Other types of support 14 9 38 37 37

SOURCE: National Science Foundation ( NSF. 1988a, p. 50 ).
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TABLE A4.9 1986 enrollments in graduate mathematical sciences programs
U.S. Citizens

Asian Unknown Total U.S.
Other/
Foreign TotalWhite Black Hispanic

Doctorate granting 8.198 301 248 571 857 10,175 5,503 15,678

Full-time 5.587 91 168 416 443 6,805 4,962 11,767

Part-time 2,611 110 80 155 414 3,370 541 3,911

Master's granting 1,277 147 57 156 659 2,296 405 2,701

Full-time 259 51 14 53 81 458 231 689

Pan-time 1,018 96 43 103 578 1,838 174 2,012

Total 9.475 448 305 727 1,516 12,471 5,908 18,379

Full-time 5,846 242 182 469 524 7,263 5,193 12,456

Pan-time 3.629 206 123 258 992 5,208 715 5,923

Percent distribution, U.S. citizens

Doctorate granting 88.0 3.2 2.7 6.1 - 100

Full-time 87.8 3.0 2.6 6.5 - 100

Part-time 88.3 3.7 2.7 5.2 - 100

Master's granting 78.0 9.0 3.5 9.5 - 100

Full-time 68.7 13.5 3.7 14.1 - 1(10

Part-time 80.8 7.6 3.4 8.2 - 100

Total 86.5 4.1 2.8 6.6 - 1t. )

Full-time 86.7 3.6 2.7 7.0 - 1(X)

Part-time 86.1 4.9 2.9 6.1 - 1(X)

SOURCE: National Science Foundation (NSF. 1988a, pp. 51. 53, 57, 59. 13 5. 175).
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TABLE A4.10 Number of mathematical sciences master's degrees awarded by subfield
1981 1983 1984 1985 1986 Percent dist., 1986

Total 2,567 2,837 2,741 2,882 3,159 1(X)

Mathematics, general 1,890 1,924 1,846 1,892 2,057 65

Actuarial sciences NA 27 ! 8 23 28 1

Applied mathematics 179 259 253 284 367 12

Pure mathematics NA 21 25 27 23 1

Statistics 467 459 471 490 478 15

Mathematics, other 31 147 128 166 206 6

SOURCE: National Center for Education Statistics (NCES, 1984; 1987a, p. 187) and unpublished data.

TABLE A4.11 Attainment rates of master's and doctoral mathematics degrees by iex, 1970 to 1986
Percentage of Percentage of Percentage of

master's/bachelor's doetoral/master's doctoral/bachelor's
degrees (2-year lag) degrees (5-year lag) degrees (7-year lag)

Yearn Total Men Women Total Men Women Totol Men Women
1972 19 21 15

1973 20 23 16

1974 20 23 16

1975 19 21 15

1976 18 20 15

1977 20 23 17 16 20 7 3 4 1

1978 21 24 1 S 16 19 8 3 4 I

1979 21 24 18 15 18 8 3 1

1980 23 25 20 17 21 7 3 5 I

1981 22 23 18 19 24 9 3 5 I

1982 24 28 19 18 24 7 4 6 I

1983 26 29 21 21 26 10 4 6 1

1984 24 17 19 23 19 11 5 7 1

1985 23 27 18 24 32 11 6 8 '
1986 24 28 19 29 37 14 6 9

15-year average 21 24 17

10-year average 19 24 9 4 5 1.5

a Refers to the year in which higher-le% el degrees were awarded; the lower-level degrees were awarded 2, 5, or 7 ) ears earlier.
SOURCE: Adapted from Table A4.1.
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TABLE A4.12 Characteristics of new doctorates in mathematical sciences, 1974 to 1986
1974 1976 1978 1980 1982 1984 1986

Total number 1,211 1,003 838 744 720 698 730

Percent men 90.5 88.7 85.7 87.2 86.7 83.5 83.4

Percent women 9.5 11.3 14.3 12.8 13.3 16.5 16.6

Percent
American Indian 0.2 0.0 0.1 0.0 0.1 0.5 0.2

Asian 13.3 12.0 13.4 15.6 16.4 21.5 24.0

Black 1.9 0.8 1.9 2.0 1.8 1.2 1.8

Hispanic 0.7 1.5 3.2 2.3 3.6 5.8 6.0

White 84.0 85.7 81.3 80.1 78.1 71.1 68.0

U.S. citizens 72.3 74.6 73.9 69.9 63.6 58.3 50.3
Permanent visas 5.9 5.5 5.6 8.3 5.7 5.2 4.9
Temporary visas 18.5 18.2 18.5 18.7 26,7 33.2 37.3

SOURCE: National Research Council (NRC, 1987, p. 66).

TABLE A4.13 Primary sources of support of doctorate recipients in the physical sciences, 1977 and 1986
Personal University Federal Other

1977 1986 1977 i986 1977 1986 1977 1986

Total, all fields 36.1 42.1 41.9 44.8 16.1 7.2 5.8 6.0

Physics and astronomy 9.8 7.5 75.8 84.0 10.2 4.4 4.2 4.1

Chemistry 9.8 10.3 74.6 81.4 11.7 5.2 3.9 3.1

Earth/atmospheric/marine sciences 17.3 18.9 56.4 70.9 19.4 6.1 7.0 4.1

Mathematics 17.7 14.0 64.1 74.2 11.8 5.3 6.4 6.5

Computer science 45.0 25.6 55.() 58.2 0.0 4.1 0.0 12.1

NOTE: The primary support of mathematics doctoral students is by their universities, and principally as graduate teaching
assistants. The above chart from the 1986 NRC Survey Report shows the changes over 10 years and comparisons with the
other physical sciences. (Numbers are percent of total with given source of support.)
SOURCE: National Research Council (NRC, 1987, p. 28).
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TABLE A4.14 Number of doctorate recipients in broadly interpreted mathematical sciences, 1976 to 1986,
awarded by U.S. universities

1976 1977 1978 1979 1980 1981 1982 1983 1984 1985

Total, mathematics 696 664 605 563 569 535 533 540 496 540
Applied mathematics 105 113 108 111 102 118 108 125 108 116
Algebra 116 88 87 88 78 56 60 55 .65 55
Analysis and functional analysis 141 .153 118 111 91 105 98 76 71 83
Geometry 23 26 22 25 35 29 32 44 27 35
Logic 34 17 24 21 24 18 17 21 25 30
Number theory 26 32 18 17 28 24 28 19 27 18

Probability (AMS Survey) 42 33 33 27 30 22 25 22 19 39
Topology 72 70 56 61 57 55 45 44 42 35
Mathematics, general 94 88 92 80 83 77 84 86 78 85
Mathematics, other 43 44 47 22 41 31 36 48 34 44

Total, computing 267 265 252 313 293 319 303 381 364 381

Computing theory and practiced 148 101 55 25 13 16 11 12 13 15

Computer and information science 31 121 210 218 232 220 286 295 310
Computer engineering 119 123 76 78 62 71 72 83 56 56

Mathematical statisticsa.4 123 126 135 138 121 141 140 129 162 111

Total, statistics 234 242 249 227 218 246 266 250 284 247
Biometrics and biostatistics 46 52 45 44 42 48 59 45 49 40
Social sciences statistics 35 35 46 23 33 40 43 47 39 60
Econometrics 30 29 23 22 22 17 24 21 27 27
Business statistics 8 7 9

Total, operations research 118 118 127 110 104 116 94 102 123 121

Mathematics operations researcha 36 42 43 43 41 36 36 20 27 22
Engineering operations research 82 76 84 67 63 80 58 44 50 54
Business operations research 38 46 45

Total, mathematics education 96 98 57 85 74 62 50 62 64 65

1986

576
136

46
81

38

23

20

26
34

125

47

486
10

399
77

115

238
30
65

25

3

129

29

54
46

72

6 Reported under "Mathematics" in National Research Council (1987).
° These numbers are the NRC counts minus the American Mathematical Society counts for probability given above. It
is noted that the AMS counts of doctorates in stathtics are considerably higher than these NRC counts. The NRC counts
in probability and statistics are approximately the AMS counts for statistics alone.
SOURCES: National Research Council (NRC, 1987, pp. 60-63) and American Mathematical Society (AMS, 1976 to
1988).
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TABLE A4.15 Total number and distribution of new mathematical sciences doctorates by subfield and sex, 1960 to 1982
Numbet of new doctorates

Male (%) Female (%) Total Ma-le

ition by sex (percent)
Female Total

Mathematical sciences, total 18,646 (91) 1,863 (9) 20,509 100 100 100

Algebra 2,135 (86) 338 (14) 2,473 11 18 12

Analysis/functional analysis' 3,538 (93) 273 (7) 3,811 19 15 19

Geometry 559 (91) 54 (9) 613 3 3 3

Logic 489 (91) 46 (9) 535 3 2 3

Number theory 468 (88) 63 (12) 531 3 3 3

Probability/math statisticsb 2,532 (89) 310 (11) 2,842 14 17 14

Topology 1,668 (92) 136 (8) 1,804 9 7 9

Topological algebra 116 (98) 2 (2) 118 1 1

Computing theory 1,534 (94) 106 (6) 1,640 8 6 8

Computer scienced 922 (89) III (11) 1,033 5 6 5

Operations research' 326 (91) 33 (9) 359 2 1... I

Applied mathematics 2,203 (94) 136 (6) 2.339 12 7 11

Mathematics, general 1,358 (89) 162 (11) 1,520 7 9 7

Mathematics, other 798 (90) 93 (10) 891 4 5 4

This subfield was specified as "Anal)sis" through 1967; "Functional Analysis" V. added in 1968.
b "Math Statistics" was deleted from the taxonomy in 1969 but was restored in 1972.
c This subfield was deleted in 1967.
d This subfield was introduced in 1977.
c This subfield was introduced in 1973.
SOURCE; National Science Foundation (NSF, 1983. pp. 18-19. 22-23. 26-27).
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TABLE A4.16 Number of doctorates awarded in selected fields, 1970 to 1985

Appendix Tables

Field
Percent change,

1970 1975 1980 1985 1970 to 1985

Biological sciences 3,361 3,497 3,803 3,771 12

Chemistry 2,238 1,776 1,538 1,837 -18
Mathematical sciences 1,225 1,147 744 688 -44
Physics and astronomy 1,655 1,300 983 1,080 -35
Engineering 4,434 3,002 2,479 3,167 -8

SOURCE: National Science Foundation (NSF, 1988c, pp. 1-5).

TABLE A5.1 Number of employed scientists and engineers

Percent increase,
1976 1980 1986 1976 to 1986

All science/engineering fields 2,331,200 2,860,400 4,626,500 98
Physical scientists 188,900 215,200 288,400 53
Mathematical scientists 48,600 64,300 131,000 170
Computer specialists 119,000 207,800 562,600 373
Engineers 1,371,700 1,675,900 2,440,100 78
Other' 603,100 697,200 1,204,400 100

a Includes environmental, life, and social scientists and psychologists.

SOURCE: National Science Board (NSB, 1987, pp. 230-231).

TABLE A5,2 Selected employment characteristics of scientists and engineers, 1986

Mathematical Scientists
Total Mathematics Statistics Scientists Engineers Total S/E

Labor force participation rate
Unemployment rate
S/E employment rate
Underemployment rated
Underutilization rate'

94.6 94.5 95.2 95.3 93.8 94.5
1.3 1.1 2.4 1.9 1.2 1.5

79.3 77.7 87.8 76.7 91.) 84.7
3.3 3.4 3.0 4.3 1.0 2.6
4.6 4.5 5.3 6.1 2.2 4.1

Those who are involuntarily working either in non-S/E jobs or part-time as a percent of total employment.

b Percent of total who are either unemployed or underemployed.

SOURCE: National Science Board (NSB, 1987, p. 225).
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TABLE A5.3 Number of scientists by field and type of employer, 1976 and 1986

Total
Business

industry

Educational
institutions

Federal
government Other

1976 1986

nd
1976 1986 1976 1986 1976 1986 1976 1986

Total, all S/E fields 2,122,100 3,919,900 1,312,500 2,589,300 267,800 572,700 211,100 334,200 330,700 423,700

Total, scientists 843,700 1,676,400 357,900 797,900 230,200 481,800 105,200 153,500 150,400 243,200

Physical scientists 154,900 264,900 86,800 146,700 30,600 68700 20,500 28600 17,000 20,900

Mathematical scientists 43,800 103,900 12,100 35,600 19,500 52,800 9,300 10700 2,900 4,800

Computer specialists 116,000 437,200 85,800 341,300 6,000 32,500 8,700 32,100 15,500 31,300

Environmental scientists 46,600 97,300 25,800 55,500 5,000 16,500 9,300 16,800 6,500 8,500

Life scientists 198,200 340,500 64,100 102,800 59,600 136,600 37,300 40,200 37,200 60,900

Psychologists 103,700 172,800 21,000 39,700 41,700 72,800 5,000 5,400 36,000 54,900

Social scientists 180,500 269,800 62,300 76,200 67,800 102,000 15,100 19,700 35,300 71.900

Total, engineering 1,278,300 2,243,500 954,600 1,791,400 37,700 90,900 105,900 180,700 180,100 180,500

Percent distribution

Total, all S/E fields 100 100 62 66 13 15 10 9 16 11

Total, scientists 100 100 42 48 27 29 12 9 18 15

Physical scientists 100 100 56 55 20 26 13 11 11 8

Mathematical scientists 100 100 28 34 45 51 21 10 7 5

Computer specialists 100 100 74 78 5 7 8 7 13 7

Environmental scientists 100 100 55 57 11 17 20 17 14 9

Life scientists 100 100 32 30 30 40 19 12 19 18

Psychologists 100 100 20 23 40 42 5 3 35 32

Social scientists 100 100 35 28 38 38 8 7 20 27

Total, engineering 100 100 75 80 3 4 8 8 14 8

SOURCE: National Science Board (NSB, 1987, p. 219).
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for recent (1984/85)
(percent distribution)

TABLE A5.4 Field of employment for recent (1984/85)
mathematics degree recipients, 1986 (percent distribution)

;ABLE ALS Primary work activities
mathematics degree recipients, 1986

Field Bachelor's Master's Primary work activities Bachelor's Master's

Mathematics and statistics 42 61 Research ana uevelopment 16 17

Computer science 40 15 Management and administration 3 15

Engineering 14 17 Teaching 24 34
Economics 2 2 Production and inspection 6 6
Psychology 4 Reporting/statistical/

computing activities 34 15

SOURCE: Consolidated from National Science Foundation Other 15 11

(NSF, 1987a).

SOURCE: Consolidated from National Science Foundation
(NSF, 1987a).

TABLE A5.6 Median annual salaries by field and type of TABLE A5.7 Demand and supply of new teachers in elemen-
degree of recent (1984/85) graduates, 1986 tary and secondary schools, 1970 to 1992 (in thousands)
S/E field of degree Bachelor's Master's Demanda

Elementary Secondary Supply,b
Engineering $30,000 $36,000 Schools School F Total Total Balance
Computer science $28,000 $36,600
Total, science and engineering $25,000 $32,500 1970 115 93 208 284 76
Mathematics and statistics $24,100 $31,500 1975 101 85 186 238 52
Physical science $21,400 $30,000 1980 69 58 127 144 17

Total, science $21,000 $29,000 1985 95 62 157 146 -11

Environmental science $20,000 $27,000 1986 114 56 170 144 -26
Social science $20,000 $24,600
Life science $17,000 $22,000 1987 114 46 160 142 -18
Psychology $17,000 $23,100 1988 126 38 164 139 -25

1989 126 47 173 139 -34
SOURCE: National Science Foundation (NSF, 1987a). 1990 131 52 183 139 -44

1991 129 66 195 138 -57

1992 129 80 209 137 -72

'Demand: Data for 1970 to 1982 are actual new hires. Data
for 1983 to 1992 are the intermediate value of three alternate
projections.

bSupply: Data for 1984 to 1992 are the intermediate values
of three alternate projections.

SOURCE: U.S. Department of Education as reported in
National Science Board (NSB, 1987, p. 186).
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TABLE ASS Numbers of faculty members by types of Institutions for selected years

1970 1975 1980 1985

University

Mathematics
Full-time faculty 6,235 5,405 5,605 5,333

Part-time faculty 615 699 1,038 1,044

Statistics
Full-time faculty 700 732 610 662

Part-time faculty 93 68 132 103

Public four-year college

Mathematics
Full-time faculty 6,068 6,160 6,264 7,754

Part-time faculty 876 1,339 2,319 3,337

Private four-year college

Mathematics
Full-time faculty 3,352 3,579 4,153 4,762

Part-titile faculty 945 1,359 2,099 2,706

Total, university and tbur-year college

Full-time faculty 16,355 15,876 16,632 18,511

Part-time faculty 2,529 3,465 5,588 7,190

Two-year college

Mathematics
Full-time faculty 4,879 5,944 5,623 6,277

Part-time faculty 2,213 3,411 6,661 7,433

Total, all institutions

Full-time faculty 21,234 21,820 22,255 24,788

Part-time faculty 4.742 6.876 12,249 14,623

SOURCE: Consolidated from Conference Board of the Mathematical Sciences (CBMS. 1987, pp. 41, 133).
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TABLE A5.9 Mathematical sciences and computer science

enrollments per full-time equivalent (FTE) of faculty

1970 1975 1980 1985

Unive!sities 79 85 96 105

Public colleges 78 87 105 100

Private colleges 71 73 90 73

Two-year colleges 104 123 134 118

SOURCE: Conference Board of the Mathematical Sciences

Surveys (CBMS, 1987, p. 44).

TABLE A5.10 Age distribution of full-time mathematical sciences faculty in 1985 in four-year colleges and universities

Age

Percent
of faculty

Retirement years
at age 67

Estimated number of
retirements" (per year)

Estimated number of doctorate
retirements' (per year)

.?..60 7 1986-1992 186 138

55-59 8 1993-1997 297 220
50-54 14 1998-2002 520 385

45-49 17 2003-2007 632 468
40-44 19 2008-2012 706 522
35-39 15 2013-2017
30-34 14 2018-2022
<30 6 2023-

'Based on a total of 18,600 (see Table A5.8).

'Assumes that 74 percent of retirees haw doctorate.

SOURCE: Adapted from Conference Board of the Mathematical Sciences ICBMS. 1987, p. 57).
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TABLE A5.11 Age distribution of full-time mathematical sciences faculty in 1985 in two-year volleges

Age
Percent

of faculty
Retirement years

at age 67
Estimated number of

retirementsa (per year)

613 4 1986-1992 36

55-59 7 1993-1997 88

50-54 13 1998-2002 163

45-49 18 2003-2007 226

40-44 24 2008-2012 301

35-39 18 2013-2017

30-34 II 2018-2022

<30 5 2023 -

* Based on a total of 6,300 (see Table ASS).
SOURCE: Adapted from Conference Board of the Mathematical Sciences (CBMS, 1987, p. 137).

TABLE A5.12 Employment status of new doctorates awarded by US. and Canadian mathematical sciences departments

1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

Total 972 952 889 858 904 860 792 789 769 801 845
Doctoral departments 296 280 267 239 235 239 120 192 206 225 202
Master's/Bachelor's depts. 172 160 155 154 157 138 159 175 138 128 141

Other academic units 110 a 84 a 74 68 91 85 60 81 67 72 85
Research institutes 12 18 26 35 15 21 24 16 18
Government 62 44 34 37 28 24 24 23 14 27 19
Business and industry 136 166 168 167 169 146 105 I I I 108 109 104
Outside United States 159 182 145 137 172 151 171 153 187 185 201
Other 37 36 34 28 26 42 38 32 25 39 65

* These include research institutes.
SOURCE: American Mathematical Society (AMS, 1977 to 1987).
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TABLE A5.13 Mathematical sciences faculty salaries by type of institution (In 1985 constant dollars)

1970 1975 1980 1985

Group I
Assistant professor $29,400 $25,600 $25,900 $27,700
Associate professor $36,800 $33,200 $32,800 $34,700
Full professor $57,000 $52,300 $49,500 $48,800

Group II
Assistant professor $30,900 $27,100 $25,400 $27,200
Associate professor $38300 $33,600 $32,100 $33,200
Full professor $54,700 $48,400 $44,200 $44,400

Group III
Assistant professor $30,900 $26,600 $24,500 $26,600
Associate professor $38,500 $33,400 $31,400 $31,900
Full professor $51,500 $44,000 $41,900 $42,400

Group IV (statistics)
Assistant professor $30,400 $27,000 $26,400 $28,700
Associate professor $36,800 $35,100 $34,700 $34,600
Full professor $49,400 $50,700 $48,100 $50,000

Group M
Assistant professor $29,900 $26,500 $25,100 $26,100
Associate professor $35,500 $32,700 $30,600 $31,600
Full professor $44,600 $39,700 $38,200 $39,200

Group B

Assistant professor $28,100 $23,600 $22,400 $24,800
Associate professor $35,000 $28,600 $27,600 $29,400
Full professor $40,800 $35,800 $33,600 $34,700

NOTE: The American Mathematical Society classifies the mathematicalsciences institutions by their ranking in the 1982
assessment and by degree programs offered. Of the doctorate-granting institutions, Group I consists of' the 39 top-
ranked, Group II the next 43, and Group III the remaining 73. Group IV consists of the 69 departments (or programs) of
statistics that offer doctoral degrees, Group M consists of 273 master's-granting institutions, and Group B consists of 950
bachelor's-granting institutions. (See Box 3.2 for more detail.)

SOURCE: American Mathematical Society (AMS, 1986).
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