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iie of the ironies of our age is the striking
contrast between mathematics in the marketplace and
mathematics in the classroom. In science and industry,
mathematics is a thriving activity, supporting through
statistics, computing, simulation, and theory the most
complex processes of society. But in the classroom it is
in disarray, with weaknesses at every level from primary
school through graduate school. Although we live in a
minds-on world, mathematics in the classroom more
often than not tur:ns young minds off.

Last year the National Academy of Sciences released
two reports that bear in important ways on the role of
mathematics in education. Renewing U.S. Mathematics
documents, in a chapter called "Ordering the Universe:
The Role of Mathematics," the dramatic extent to which
mathematics is used in science and industry:

ln the past quarter century, mathematics and math-
ematical fechnigues have beeome an integral, per-
vasive, and essenf ial component of science, tech-
nology, and business. ln our technically oriented
society, "innumeracy" has replaced illiteracy as our
principal educational gap. One could compare the
contribution of mathematics to our society with
needing air and food for life. In fact, we could say
that we live in the age of mathematics-that our cul-
fure has been "mathematicized."

The other Academy report, High Schools and the Chang-
ing Workplace: The Employer's View, argues that the
school needs of students entering the workplace directly
are not much different from those who go to college:
"Those who enter the workforce after earning a high
school diploma need virtually the same competencies as
those going on to college, but have less opportunity or
time to acquire them." All need to function in the minds-
on world derived from modern mathematical science.

Yet the evidence of recent reports and tests suggests
that we are not now preparing students well for the world
in which they will live and work. Society, especially the
workplace, has changed far more rapidly than have cur-
riculums or teachers. The inertia of the educational sys-
tem is so great that over the years it accumulated, with
barely any public notice, an enormous burden of struc-
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tural debt. Now that the public has finally noticed, we
must face the realities of a system under great stress.

The flrst point of stress is the sad fact that most of the
mathematics taught in United States colleges and uni-
versities is really high school mathematics. In every
country in the world except the United States, school
mathematics ordinarily includes a one-year introduction
to calculus; not all students take such a course, but if
they do take it, it is usually part of the preuniversity
curriculum. By this world-standard delinition, nearly 90
percent of all United States mathematics course enroll-
ments in postsecondary education are in high school
mathematics. Even if we adopt the less stringent defi-
nition that identifies calculus as part of the postsecondary
curriculum, we flnd that two-thirds of the mathematics
taught in colleges is really high school mathematics.

Traditionally, high school mathematics has followed
a rather well-defined route with only minor side excur-
sions: algebra I, geometry, algebra II, precalculus, cal-
culus. Twenty percent of the college-bound students be-
gin the sequence in eighth grade and complete it by
grade 12; the others begin it in ninth grade and complete
it, if at all, during college.

Despite the handicap of rigidity, the regularity of this
curriculum has been generally beneficial. Students who
move often in our mobile society can adjust reasonably
well to the mathematics curriculum anywhere in the
United States. The sequence flts well the linear nature
of mathematical learning, at least for those who are
moving towards calculus. To the extent that the tradi-
tional curriculum is effective, it insures a common base
of knowledge for the workplace, a general quantitative
literacy appropriate for civic responsibility, and suitable
background for business, science, mathematics, and en-
gineering courses in college.

In the last two decades, however, the role of mathe-
matics in science and industry has changed dramatically.
The mathematical sciences, as they are now called, en-
compass such diverse areas as data analysis. computing.
and operations research. At the same time, computers
have entered the workplace, dramatically altering our
perspective on which parts of mathematics are really
fundamental and which are not. The result is an increas-
ing degree of chaos in which schools respond to diverse
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l. The National Council of Tbachers of Mathematics
has just adopted a policy statement opposing the
inclusion of any computer course for school re-
quirements in mathematics.

guidance of three curricular gyroscopes: teachers, text-
books, and tests. Each of these imposes serious stress
on school mathematics.

fJn,,"o States mathematics classrooms are burdened
today with large numbers of teachers who are seriously
underprepared to teach a contemporary mathematics cur-
riculum. Many are older and have been given no serious
sustained opportunity for professional development since
graduating from college in a precomputer age. Others
are recent recruits whose primary fields of study were
outside mathematics and whose preparation in mathe-
matics is very skimpy. Of course there are also many
teachers who are superbly trained, enthusiastic, and ef-
fective. But these master teachers are carrying the burden
of the entire mathematical curiculum alone.

Textbooks, by and large, are usually a decade out of
date. The effort involved in writing, the time required
for production, and the infrequent purchase by school
districts all conspire to guarantee that most students are
taught from textbooks whose structure was conceived
about the time they were born. Yet despite popular opin-
ion, mathematics is not a static subject: It is growing
rapidly in methodology, scope, and application. Texts
that do not reflect this growth institutionalize both a
precomputer curiculum and an incorrect view of math-
ematics as a static, completed subject.

To a very large extent teachers teach and students
study for tests. And standardized tests, like texts, tend
to be perpetually out-of-date because of the institutional
constraints involved in their preparation. But what is
worse, tests always overemphasize computational skills
that are now seen as more appropriate to computers, and
de-emphasize open-ended problem solving based on for-
mulating conjectures, estimating results, and selecting
relevant information. By rewarding unique right an-
swers, tests necessarily examine skills that are more
appropriate to computers than to people. In the presence
of such tests, it is very difflcult for even well-intentioned
teachers to move the curriculum in a modern direction.

The school population splits rather early into two
groups: those in a precollege curriculum, most of whom
take at least algebra II, and those who intend to enter
the workforce either directly or via a vocational-technical
school. The curriculum for students in the latter group
has never been satisfactory: It consists of extended re-
view of the junior high school curriculum disguised un-
der course titles such as business mathematics. Some
innovative curriculums (in California and elsewhere) are
attempting to establish re-entry courses so that late
bloomers can catch up with the precollege track. The
National Research Council (Nnc) recommendation on
school requirements for students entering the workforce
suggests that we need a lot of imaginative thought for
these courses that will quite likely be the last mathe-
matics courses such students ever take.

Thomas Jefferson spoke of an "enlightened citizenry"
as the only proper foundation for democracy. This ideal
has sustained public education in the United States on a
broader level than is typical in most other countries.
Consequently, the recent reports on weakness in science
and mathematics education have motivated many school
jurisdictions (districts, legislatures, universities) to spec-
ify required levels of mathematics for school or college
degrees. The result is yet more strain on mathematics
education.

Typically, standards for quantitative literacy that be-
come part of college degree requirements necessarily
amount to a selection of material from junior high school
mathematics and computer programming. Higher stan-
dards cannot be imposed uniformly without forcing too
many students to fail. But low standards undermine ef-
forts to develop innovative courses in mathematics lit-
eracy, substituting instead a deadly review of arithmetic
and elementary algebra that rarely produces a citizen
enlightened about the role of mathematics in society.

This problem is a stress point not just for school
mathematics, but for society in general: Voters unable
to appreciate the ways in which figures can lie will be
easily misled in their decisions about such important
issues as consumer safety, defense policy, and economic
(continued on page 35)

Should we continue to teach students to cartj out
by paper and pencil the many calculations that
computers can now do much better?
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