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The First Report of the Commission on
Post-War Plans’

THE MEMBERS of this new Commission
are not disposed to

1. Make hay while the sun shines and
thumb our noses at recalcitrant adminis-
trators;

2. Gloat over some educationists by
saying ‘“We told you so’’;

3. Defend our work against the charge

that the real Pearl Harbor occurred in our ]

classrooms;

4. Berate guidance officials for not pre-
senting realistically the mathematical
needs of youth in a machine age;

‘5. Condone our numerous sins of omis-
sion in the past;

6. Argue that the traditional program
cannot be greatly improved;

7. Place the blame for low competency
in arithmetic on overworked teachers of
the elementary school;

8. Elbow our fellow teachers in other
school areas; nor

9. Campaign for larger enrollments in
our four-year sequential courses.

But we are asking discerning school
people and thoughtful laymen for good
ideas and definite suggestions from which
a sensible report may later stem that will
provide adequate training in mathematics
for all students in our schools—each ac-
cording to. his needs. We assume that in a
peaceful world what is best for the indi-
vidual will be good for society.

In a recent meeting of the Board of Di-
rectors of the Council about ten tasks were
suggested as the job of this Commission.
If we get the help of a goodly number who
are desirous of building a sound program

! At a meeting in New York City, February
23, 1944, the Board of Directors of the National
Council of Teachers of Mathematics created a
commission to plan mathematics programs for
secondary schools in the post-war period. This
brief preliminary report represents a first step
in the work of the Council’s new Commission.
Reprints of this report may be had from The

Mathematics Teacher, 525 W. 120th St., New
York 27, N. Y. for 10¢ each postpaid.

of mathematical education, we may later
be able to do some of the things expected
of us. The Commission is authorized to in-
crease its membership and to appoint sub-
committees for specific tasks. It wishes to
limit its membership to a manageable
size, but it stands ready to welcome to
advisory membership any teacher of math-
ematics representing a large organized

" group. For example, it is hoped that the

two city clubs in Chicago, long active with
high zeal, will select someone to represent
them and that the California Mathe-
matics Council, because of its size and its
praiseworthy activity, will select two—
possibly a woman and a man. Perhaps
these illustrations will be sufficient to
guide other groups to appropriate action.
As concrete evidence of confidence in its
representative it would seem desirable for a
local group to provide from $25 to $100 per
year to be used for secretarial assistance,
expenses to meetings, and the like. In
these days when powerful pressure groups
appropriate millions to achieve specific
purposes it might be wholesome for a local
organization to spend a modest sum in an
effort to improve the quality of its work
for the general good of society.

In order to promote discussion during
the summer months, particularly in work-
shops and professional courses the Com-
mission presents the following list of pro-
posals which, we think, should be carefully
considered by many persons in planning -
our work for the post-war years. It is per-
haps needless to say that these statements
do not express the unchangeable views of
the Commission. On the contrary they are
printed here in this early stage of the Com-
mission’s work with the hope that you
will send a carefully prepared statement to -
some member of this Commission setting
forth your recommendations regarding
these issues and any others that may seem
significant to you.
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TENTATIVE ProPOSALS FOR A PosT WaR
ProGRAM IN SECONDARY ScHOOL
MATHEMATICS

1. The school should tnsure mathematical
literacy to all who can possibly dchieve it.
The need for simple computations and for
control of certain basic mathematical con-
cepts is well nigh universal. The war has
demonstrated in a dramatic way what is
nonetheless true, but not so readily dis-
cernible in peace time, that a boy lacking
these competencies is a pathetic victim of
~ a ruthless system. In the armed forces men
are so badly needed that they are expected
to learn the impossible overnight, but in

peace times they shift from job to job

and finally drift unnoticed into the ranks
of the unemployed. In a world in which
the questions ‘“how much?”, “where?”,
and “how many?”’, have to be answered
again and again accurately and with great
precision, mathematical literacy is almost
as important as the ability to communi-
cate.

Man, through his age-long study of
natural phenomena, has discovered the
world to be orderly, predictable, know-
able. With the use of an adequate number
system, methods of precise measurement,
and controlled experiment he has progres-
sively discovered more and more relation-
ships significant to him. The use of these
discoveries produced the “industrial revo-
lution,” a scientific and technological cul-
ture.

An understanding and appreciation of
the important elements of this culture,
one of the admittedly valid aims of educa-
tion, are contingent upon possession of
certain basic concepts and principles from
the areas of mathematics, biology, phys-
ics, chemistry, geology, and other sciences.
These concepts and principles are the in-
struments without which man cannot
think intelligently about machines, hous-
ing, business, transportation, communica-
tion, public and personal health, invest-
ments, insurance, or scientific inquiry. An
understanding of these aspects of modern
life demands a common language of quan-

titative symbols, fundamental operations,
and basic ideas of arithmetic, of algebra,
and of geometry. Thus, the function of
mathematies is largely identical with that
of reading and writing.

Modern culture is dynamic. Only change
appears constant. New adjustments are
sought; new problems demand solution.
We desire more adequate food, elothing
and shelter; we wish to reduce economic
insecurity; we are determined to conserve
our natural resources; we seek more whole-
some uses of leisure; we need moreefficiency
in government. A better civilization is to
be created.

The place of science and mathematics
in the education of youth thus becomes
obvious. To understand the modern world,
and to think intelligently about its prob-
lems is a broad purpose of general educa-
tion, and is served in an essential way by
the instruction with which we are here con-
cerned. Subject matter which implements
this purpose is here termed ‘“‘educational’’;
it is the body of material that has inti-
mate and demonstrable relationship to the
business of living.

Without a minimum mathematical
equipment, the individual is in a mental
concentration camp of cruel limitations in
which the creature comforts that he can
earn for himself and the good he can do for
his fellowmen are pitifully small. On this
point, the recent reports of two commit-
tees? are completely convincing. Witness
the fact that there are several hundred
thousand men at least in the armed forces
who are undoubtedly a liability, because
they cannot in the short time available
acquire the needed mathematical equip-
ment without excessive cost. From the
point of view of the educated person, the
minimum mathematical equipment needed
in common affairs is absurdly simple. But
the task of insuring mathematical literacy

z See ‘“‘Pre-induction "Courses in Mathe-
matics” in The Mathematics Teacher for March
1943 and “Essential Mathematies for Minimum
Army Needs” in The Mathematics Teacher for
October 1943.
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to all people is enormously difficult—one
that has not been done in any community
throughout all history. It will take time,
energy and money. Moreover, there is no
reason to believe that technology will
cease to develop. The job facing mathe-
matics teachers is almost certain to be
more difficult and more important in the
years ahead. It is a challenge that mathe-
matics teachers should accept.

2. We should differentiate on the basis of
needs, without stigmatizing any group, and
we should provide new and better courses for
a high fraction of the schools’ population
whose mathematical needs are not well mel

in the traditional sequential courses. Teach-

ers of mathematics generalize quickly,
they learn to manipulate symbols easily
and we tend, as years go by, to get more
and more impatient when providing ex-
periences from which meanings grow. We
are prone to call the unadjusted pupils
‘“‘slow learning.” They are by no means all
dull and in any case, hundreds of thou-
sands of them are at the moment literally
saving our institutions by the mathe-
matics that they have learned since leav-
ing school. We have had too many dis-
satisfied customers. The educationist and
the administrator have sensed the situa-
tion but they over-simplify the problem
when they advocate no mathematics for
the “forgotten student.” We sit in endless
meetings discussing the question: shall we
give special attention to the bright or to
the dull? It is not an either-or proposition!
The sensible thing to do is to provide good
courses with very different goals and differ-
ent experiences for groups with different
needs.

To redirect our thinking, this Commis-
sion proposes that we provide three series
of courses as follows: sequential mathe-
malics, relaled mathematics, and social
mathemalics. By sequential courses we
mean the four years of work (grades 9-12
inclusive) providing rigor and continuity
and to be obtained by greatly improving
the traditional sequence: algebra, geome-
try and trigonometry. By related courses,
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we mean courses that will meet the needs
of the large mimber of persons who will
continue to be absorbed by industry fairly
early in life—such courses to be obtained
by improving the existing general mathe-
matics courses. Far too many boys en-
tered the armed forces unfairly handi-
capped, because they came from good
schools where they had no adequate ex-
perience with scale drawings, maps,
graphs, micrometers, Verniers, gage blocks,
metric system, practical constructions,
logarithms, and basic concepts of trigo-
nometry. Yet, these are among the very
things that would have added vitality and
meaning to the abstract symbolism and
theory which their former mathematics
teachers struggled to teach them. General
mathematics courses can be improved by
new emphases and a few carefully selected,
simple and realistic illustrations for each
bit of theory. The proposed courses would
be valuable to many persons who never go
into industry and vastly more satisfying
and helpful to many students who never
really know ‘““what the score is” in the
traditional courses. We confidently pre-
dict a sharp increase in technical educa-
tion, and mathematics teachers should
stand ready to contribute a very impor-
tant part to the movement.

But we need a third series of courses—
courses that will insure mathematical
competency in everyday human affairs. In
the postwar period, we may manage to get
along without rationing, ceiling prices,
subsidies, parity and inflationary spirals.
But there surely will be problems that
affect a large fraction of our people. We
will have problems of taxation, of social
security, of insurance against the numer-
ous hazards of life, and we will have the
persistent problem of stretching the dollar
in order to buy the maximum of creature
comforts and values with a given income.
Competency in these crucial matters ap-
parently cannot be left to chance—even
insight and common sense need to be ex-
ercised in meaningful situations. The need
for mathematics in these problems goes far
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beyond mere manipulation of the funda-

mentals. The general educationist has
long urged a social mathematics course.
He has been trying to do us a favor, which
some of us stupidly interpreted as an at-
tack on our work. We should now seek
his aid in creating such courses.

It will be pointed out and truthfully
that the sequential, related and social
mathematics courses overlap; that the
social mathematics courses may contain
material related to industry and com-
merce, that the related mathematics
courses must at times take into account the
social implications, and that to the dis-
cerning boy and girl the sequential courses
may be both practical and social. Let us
admit this. However, in an earlier day the
traditional classification of mathematical
goals, cultural, disciplinary and utilitarian
was useful though obviously these terms
also overlapped. In like manner, the
phrases sequential mathematics, related
mathematics and social mathematics may
in the years ahead be useful in identifying
three types -of mathematics courses—
three emphases if you like—that differenti-
ate according to needs. In any case, the
committee welcomes better names for
these courses if anyone can think of them.

This differentiation should be done
without stigmatizing any group. In far too
many schools, the mathematics program
has been seriously weakened by the gen-
eral impression that the traditional courses
were the only respectable ones, and that
successful completion of them implied
prestige and acceptability. How can we
avoid stigmatizing the more general and
the more practical courses? We can do this
by making clear to pupils that the
courses have different goals and different
experiences for people with different inter-
ests, by taking more into account than the
scores on intelligence tests when classify-
ing a pupil, for example, his ability and his
desire to do the course at a fine level; and
by removing the halo from the traditional
courses. The sequential courses will always
command respect because they are rightly

associated with admission to professional
schools requiring technical courses, -but
this fact need not and should not imply
disrespect for the other courses.

For a generation to come, at least, the
mathematics related to a simple kind of
physical science should be highly regarded
by a grateful world. In the depression
days our dissatisfied customers drifted
out of school, accumulated in out-of-
school unemployed youth and piled up in
C. C. C. Camps. The schools of the armed
forces have taken these boys, incidentally
teaching a lot of them mathematics, and
have in general achieved an intense con-
centration and a spirit of industry that
may not be altogether accounted for by
the unusual motivitation for which it must
be admitted there is as yet no peace time
equivalent. It is possible that better ad-
justment is due to the fact that the train-
ing courses in the armed forces are to a
greater extent organized in terms of abil-
ity to do. The mathematics classroom of
the armed forces is likely to take on the
atmosphere of a workshop with more re-
alistic problems, more laboratory ma-
terials, especially visual and auditory aids.
Curiously enough, the actual text ma-
terials in the hands of the enlisted man is
more often than not hopelessly shoddy as
regards both scholarship and pedagogy
and may be taught by a young instructor
without special training and experience
and with no desire to teach. Add to this
the fact that a goodly fraction of the en-
listed men dislike things military and find
their particular location extremely dis-
tasteful. But the results achieved, espe-
cially as regards a driving spirit of indus-
try and zeal for the task is something we
need to study before we conclude that
simple technical mathematical courses
cannot be made attractive to young
people.

Nor should there be any problem about
popularizing social mathematics. It is the
type that some of the intelligent citizens
of our communities want us  to teach.
When Phi Beta Kappas have trouble
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stretching the dollar, so as to stay within
the family budget, and when the framers
of the income tax law need help in comput-
ing their income taxes, we are operating at

the level of respectability if we succeed in’

giving our students some understanding of
these vital and persistent problems.

The main thesis then of the Commission
is that there are neglected groups of stu-
dents—very large ones—whose needs can-
not possibly be met in traditional courses.

3. We need a completely new approach to
the problem of the so called slow learning
student. In general, the schools of the
armed forces have in all probability pro-
vided more appropriate learning situations
for this type of student. The problem of
the unadjusted in our schools involves
more than mathematics,—it touches all
that the school provides for this group.
Indeed, when taught by a good teacher,
the adjustment of the slow learner to
mathematics may be fully as good as to
other school subjects. We need to place the
slow learner in a small universe of things
that need to be managed, and which dem-
onstrate the simple and basic concepts-of
mathematics. The need is for a laboratory
or a work-shop type of setting. It is the
only way to keep meanings ahead of ma-
nipulation and to build for confidence by
avoiding confusion and frustration. As
professional workers, we must provide an
adequate education for the slow learning
student, because as a human being, he is
entitled to it. Society dare not neglect the
problem, because its institutions are for-
ever in danger when the uneducated
masses become restive by the annoying
gap between the things that they can
have, and the things that they want.
Mechanizing a nation which is not mathe-
matically literate is a dangerous business.
The problem of the slow learner is a world
problem. It is crucial in our land. It calls
for a different curriculum and a new ap-
proach. It demands a new program in
mathematics that we should provide.

4. The teaching of arithmetic can be and
should be improved. The widely publicized
letter by Admiral Nimitz dramatized the
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alleged shortage in arithmetic to the pub-
lic. It would be futile to point out that
this drastic indictment was based on
wholly inadequate data collected by out-
moded tests, for the reason that the main
observation of low competency in arith-
metic is amply supported by data avail-
able to school people for more than a
decade. The average score on any test
item be it arithmetic, history, or any sys-
tematic study submitted to a large un-
selected group is likely to be shockingly
low to those who do not realize how very
difficult it is to teach any specific fact or
skill to complete mastery to all the chil-
dren of all the people. Nor is it necessary
for teachers of mathematics to waste time
and energy defending their work. As the
war drags on, selective service is coming
much closer to scraping the bottom of the
barrel of human material. The young in-
structors in the armed forces are getting a
small sample of what the mathematics
teacher in the regular school is up against
day after day. Already the opinion is
widespread among instructors in- the
armed forces that, on the whole, teachers
of mathematics of our schools have done
‘“‘a whale of a good job.”

But this doesn’t mean that competency
in arithmetic should not be far higher than
it is. As one sees grown up men by the
hundred thousand struggle with very easy
decimals, one wonders whether anything
in our school is taught in worse fashion
than decimals. And decimals, it should be
noted, are as crucial in industry as they
are in the armed forces. We are not going
to lay aside our micrometers, verniers,
gage blocks and decimal system the mo-
ment the war stops. How shall arithmetic
be improved? By striking at the crux of
the problem—the education of teachers.
In the last generation, professional courses
for teachers dealing with the teaching of
arithmetic have practically disappeared
from our teachers colleges, with the result
that most beginning teachers do not know
how to teach arithmetic. In fact, some
actually fear it and escape the task by
excessive attention to other activities in
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which they feel more confident. To make
matters worse, many are tempted to teach
the little they do teach by the incidental
method—presumably the ideal method,
but also the most difficult which only a
few per hundred could manage even if
they had good training. The right kind of
professional courses should be made avail-
able at once to every prospective teacher
of the elementary school. Naturally the
details of both content and method of such
courses must be provided by the gifted
arithmetic teachers of our times. Could
you, by chance, be one of these? If so, this
Commission needs your help.

The simplicity of mathematical skills
needed by the masses in the armed forces
is even greater than was generally as-
sumed, but is, as has been pointed out
elsewhere, very difficult for many persons
to achieve. Provision for growth in the
mastery of arithmetic should be continu-
ous throughout the elementary and sec-
ondary schools. Achievement of ability in
mathematical reasoning and in sensible use
of mathematical concepts requires much
time and continuous practice. Courses of
study of the elementary school should be
reconsidered and adequate time be given
to the teaching of arithmetic. Moreover,
we have not given enough attention to
arithmetic in teaching the senior high
school courses. In fact, we have too often
allowed the fundamental skills to deteri-
orate. Hereafter, we should keep an eye on
arithmetic as we teach the advanced
courses. Finally, the administrator can’t
eat his cake and have it. If we are to be
held for results, we need to have the stu-
dents for whatever time it takes to do the
job.

5. The sequential courses should be
greatly improved. The mathematical re-
quirements of technology are far greater
than has been generally assumed. Leader-
ship in these fields presupposes an extent
and range of mathematical scholarship far
greater than schools have traditionally
made available. A fraction of the schools’
student body—unfortunately no one
knows how large—will need more mathe-

matics than educators or even mathe-
matics teachers, have realized. The mathe-
matical demands in training schools for
radar, radio, fire control, navigation, air
photography, map making, orientation

.and a goodly number of other areas—

needs that will continue in peacetime—far
exceed what can reasonably be expected
of graduates of our four year sequence.
There has been no criticism or complaint
because of this shortage. But the fact is
that these fields took all the mathematics
a good student could bring “and then
some.” Witness the fact that a few young
men with the Ph.D degree in mathematics
are taking evening courses at the end of
long days of toil, in order that they may
better meet the mathematical demands of
their task. The road to achievement in sci-
ence and mathematics is very long. The
last years of the high school should be
wisely used by persons who plan to enter
these fields.

When taught by good teachers to quali-
fied students, the sequential courses are as
well liked as any that are offered by our
schools. Even before the war got under
way a Fortune poll showed mathematics to
be the best liked subject in the high school
curriculum. (Note well—also the least
liked.) Military authorities are on record
to the effect that the product of the four
years’ sequence is highly satisfactory as a
pool of leadership for the armed forces.
Men of culture in all lands have for cen-
turies rated high a control of algebra as
the universal language, a concept of the
nature of proof as a guide to sound think-
ing, and a knowledge of trigonometry as a
practical tool for problem solving. Few
people, if any, who have done traditional
mathematics courses at a high level ques-
tion these values. Nor, are there many
who doubt the value of learning to deal
systematically and symbolically with the
data in the more general problems of so-
ciety involving quantitative thinking,.

Even more important is the fact that
the age old debate on transfer is finally
“out of the window.”” In the military activ-
ities, countless young men learned some-
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thing new overnight and over twenty
million workers changed jobs last year.
The authorities have assumed that a
worker could adjust quicker and better to
situation B, because he had lived through
situation A. If this assumption had not
been sound, it might have taken us ten
years to get on with a machine war. It is
significant that no writer of insight and
prominence has challenged or even ques-
tioned the case for the disciplinary values,
-as published in the Report of the National
Committee on Mathematical Require-
ments twenty-one years ago. That bril-
liant and sensible statement of disciplining
values has stood the test, and it now
guarantees that mathematics will be an
important part of the education of some
of our youth for a long time to come.

But no one should assume that all is
well with the traditional courses. In most
schools, they are woefully out of date, as
regards both subject matter and method.
The report just mentioned, and the two
more recent committee reports, included
many splendid recommendations that rep-
resent the convictions of good teachers of
mathematics everywhere. But there are a
lot of schools that have never checked
their offerings with these recommenda-
tions. How shall the traditional courses be
improved? The answer is by a far reaching
change in each of the three factors in-
volved, the pupils, the materials, and the
teachers. '

As regards the pupils, the traditional
courses should be reserved for pupils who
can do these courses, and who want to
do them. The door to the four-year se-
quence should be wide open, but no one
should be shoved through it. Failure
should, for the most part, be avoided by
‘proper guidance to other appropriate
mathematics courses. The unique values
of the traditional courses cannot be
achieved by a constant gearing down, nor
by the inclusion of popular material in a
futile effort to meet the mathematical
needs of pupils who should not have
‘elected the course in the first place. The
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materials should be brought up to date by
substituting realistic problems for fan-
tastic and outmoded ones. A wealth of
vital problem material is now available.
The job of the mathematics teacher now is
to select a few good applications for ap-
proach, and for drill on each major con-
cept and to manage these, so that neither
he nor his students will be lost in applica-
tions, but will keep the organized prin-
ciples and concepts of mathematics at the
focus of attention.

The war has revealed that the standard
training of mathematics teachers is inade-
quate. Too many lack familiarity with a
vast range of uses of mathematics; for ex-
ample, aviation, industry, trade, business,
statistics, engineering and sciences in gen-
eral. It will be difficult for some to teach,
not to mention create, the wider diversity
of courses that the new era demands. The
undergraduate program for teachers should
include at least a one year course which
correlates industrial arts, a practical kind
of physical science and the related mathe-
matics. The mathematics teacher of the
future must know more about the tech-
nical world, and the gap between pure and
applied mathematics in the present pro-
gram needs to be closed.

WirLiam BETz
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of Rochester, N. Y.
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application. They may well be told that
good work in general mathematics de-
mands as much time and exertion as
algebra. It 13 a fatal error to imply that in
general mathematics anvthing will do.
Shop teachers of the right kind certainly
expect accuracy in computation and meas-
urement bevond anything required in the
ordinary academiec class. General mathe-
matiecs may seem an easier course than
algebra, but that fact alone will not stig-
matize the course in the opinion of a stu-
dent body.

Classification should not be based on
ability alone. In a strong mathematics de-
partment some of the best pupils in the

ninth grade will be studying general
mathematics.  Differentiation to avoid

trouble for cither group should, as has
been suggested, be based primarily on a
difference of goals. A good argument for
general mathematies is that a mastery of
the cssentials, as outlined in the Check
List, will remove thedeeling of insecurity
from many ninth grade pupils who have
never had the satisfaction of achieve-
ment. The best criterion, obviously, for
selecting a pupil for the algebra class is the
desire and the ability to do work of a high
order of excellence. Therefore, unsatis-
factory work in algebra should be tolerated
for only a brief trial period—a semester
would seem to be much too long. It should
be noted that in guiding the pupil into the
appropriate course, measures of reading,
intelligence, and computation are also very
helpful. Teachers should serutinize critical-
ly all materials used in the guidance of
pupils to make certain that they do not in-
clude statements that prejudice pupils
against the general mathematics courses.
One or more general mathematics sec-
tions and at least one algebra section
should be scheduled at the same hour in
order to facilitate the transfer of pupils.
The pupil who, at the end of a year of
general mathematies, wishes to study alge-
bra, may, if he has provided convincing
evidence of adequate alility, be en-
couraged to elect the second semester of
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first-year algebra. Finally, it should be
noted that the real hazard to general
mathematics is the undesirable label un-
consciously in the minds of many tradi-
tionally trained mathematics teachers. In
schools where teachers of mathematics
recognize the very great importance of
general mathematics in the total offering,
it readily bLecomes a popular course for
many pupils. The road to algebra should
be open to the pupil who matures slowly
in mathematics, and general mathematies
will be more highly regarded by pupils if
it is made clear that it contributes to the
successful pursuit of many things. The
goal of a strong mathematics department
should be to have every pupil in the ap-
propriate course with no dissatisfied cus-
tomer in any class.

Thesis 13. In most schools first-ycar alge-
bra should be cvaluated in terms of good
practice.

Let no one assume that all is well with

first-year algebra. There is a wide gap be-
tween first-vear algebra as it is com-
monly taught and what good teachers
everywhere have long demonstrated. The
situation desceribed in the following quota-
tion!® may still be found in many schools
although it was written twenty-five years
ago:
The situation that needs to be met may best be
illustrated by the case of algebra. Our element-
ary algebra is, in theory and symbolism, sub-
stantially what it was in the scventeenth cen-
tury. The present standards of drill work, largely
on non-essentials, were set up about fifty years
ago. A considerable number of teachers, both in
the secondary schools and the colleges, believe
that the amount of time spent by pupils on ab-
stract work in difficult problems in division,
factoring, fractions, simultancous cquations,
radicals, etc., is excessive; that such work leads
to nothing important in the science, and adds
but little to facility in the manipulation of alge-
braic forms.

13 Quoted from a memorandum addressed to
the General Education Board by a committee
representing the Mathematical Association of
America. This memorandum secured generous
funds for the support of the National Committee
on Mathematical Requirements. Tt is, therefore,
of special interest to the student of mathemati-
cal education.




208

However, let us turn to the brighter side
of the picture and see what is happening
in the classrooms of competent teachers
of first-year algebra in some parts of the
country. It is likely that there are few,
if any, high-school subjects that have
been improved as much during the last
quarter of a century as has first-year
algebra.

The list of desirable trends is a long and
impressive one. Today good teachers of
algebra (1) reduce the manipulation of
symbolism (nests of parentheses, four-
story fractions, involved cases of factoring,
difficult cases of simultaneous equations,
etc.); (2) introduce a unit of from four to
six weeks’ duration on the trigonometry of
the right triangle; (3) emphasize the no-
tion of dependence or function; (4) teach
with great care the meaning of a formula;
(3) apply graphic techniques widely; (6)
use the newer testing procedures for in-
structional purposes; (7) introduce. sym-
bolism gradually and through a variety of
geometric and other illustrations; (8) dis-
card the definitional approach and manage
materials so that definitions as well as
principles, processes and concepts stem
from numerous and simple mathematical
experiences; (9) make better provision for
individual differences by providing prob-
lems of graded difficulty; (10) use a more
sensible program of “drill’” based on the
fact that a pupil learns more quickly and
remembers longer the things that he
understands fully; (11) use a few simple,
interesting, and practical applications to
motivate each new principle and topic;
(12) strive to improve the problem ma-
terial by selecting functional applications
(aviation, the school shop, general science,
etc.); (13) make sagacious use of the bul-
letin board and other visual aids to enrich
the subject; (14) utilize whenever possible
laboratory or investigational techniques
and seek to give the mathematics class-
room the furniture, equipment, and at-
mosphere of a workroom; (15) know that
reading ability fixes a low ceiling as to
what can be achieved in problem solving
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in the case of many pupils; (16) recognize
that it is far better to teach a few concepts
well than to teach many concepts super-
ficially; and (17) do what they can to re-
strict first-year algebra to those pupils who
should study it and provide a course with
sufficient rigor and continuity for subse-
quent courses. .

IV. MATHEMATICS IN GRADES
TEN TO TWELVE

The traditional sequential courses in-
clude the elements of algebra, plane ge-
ometry, solid geometry, and trigonome-
try. In some schools they may also include
the elements of statistics, analytic geome-
try, and the Calculus, While an attempt is
often made to correlate these various sub-
jects, in general, they are taught sepa-
rately. The very fact that the sequential
courses are the oldest ntathematics courses
in the high school makes it difficult to
change them. However, there is great op-
portunity for improvement. Again we
might do well to follow the example of the
industrialists and go forward with im-
proved materials and more efficient meth-
ods.

Thesis 14. The sequential courses should
be reserved for those pupils who, having the
requisite ability, desire or meed such work.

All the pupils in the high school need
training in quantitative thinking, but it
would be a mistake for this reason to re-
quire all of them to take the sequential
courses in mathematics.

Pupils of ability should be informed that
the sequential program in mathematics is
a definite prerequisite for many lines of
work.,

The need for careful training in mathe-
matics for those planning careers in the
physical sciences, engineering, architec-
ture, and similar fields is universally rec-
ognized. In order to give adequate prepa-
ration for these technical fields, the se-
quential courses must give attention to
many phases of mathematics that are
more detailed and abstract than is neces-

_____—M
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sary or desirable for most pupils. If the se-
quential courses are to fulfill the purpose
for which they are intended, they cannot
be emasculated to fit the needs of those of
low ability and weak purpose.

Thesis 15. Teachers of the traditional se-
quential courses must emphasize functional
competence in mathematics.

It has been assumed that pupils study-
ing algebra, geometry, and the higher
branches of mathematics of the high
school not only retain their skills in arith-
metic and other important topics of the
junior high school but gain further under-
standing of these topics. This is not always
the case. The war has taught us that suc-
cess in the traditional sequential courses
does not guarantee mastery of all the items
in the Check List. For this reason the
study of the fundamentals of arithmetic
and of other phases of elementary mathe-
maties taught in grades 7 and 8§ must be
continued in the senior school.

Most of these topices can be fitted into
the regular sequential work and become an
integral part of it. For ‘example, instead of
being content with the understanding of
principles in algebra and geometry and ap-
plications of these principles in numerical
exercises with small whole numbers as is
often done, good practice in arithmetic can
be obtained by using larger numbers, frac-
tions, mixed numbers, and decimals.

It follows that provision should be made
for periodical checks on pupils’ under-
standing of these topics. Topics not clearly
understood should be retaught and ade-
quate practice provided for those students
who need it.

Thesis 16. The main objective of the sec-
quential courses should be to develop mathe-
matical power.

Drill on the manipulation of mathema-
tical symbols not accompanied by clear
understanding of the underlying concepts
and principles 1s of little value. When such
drill is discontinued, the ability is soon
lost. Power is attained when the learner

understands the relationships involved
well enough to apply them in new and
varied situations,

Thesis 17. The work of cach year should
be organized into a few large unils built
around key concepts and fundamental prin-
ciples.

In a sequential course the major empha-
¢is should be on concepts and principles.
It has long been urged that some of the
more complex manipulations in algebra be
treated lightly or omitted altogether, pro-
vided the basic ideas are mastered. For fu-
ture work in mathematics and the sciences,
the basic ideas are more important than
complex details. The student who knows
the fundamental meanings and has com-
plete mastery over the simpler manipula-
tions in connection with the basic ideas
can gain the complex details when and if
necessary. For example, in a first course in
algebra, one of the large units may well be
“algebra as generalized arithmetic.” The
unit devised on this idea would point two
ways, backward to arithmetic already
learned, and forward to more advanced al-
gebra. It would carry with it the symbol-
ism of algebra, would bring together and
clarify many of the relationships of arith-
metic, and give meaning to a host of iso-
lated topies usually considered as merely
formal algebra.

Then too, we should not continue to
give so much time to continuous logical
development in geometry. Once a student
has learned what it means to prove a state-
ment deductively, it is not necessary to de-
vote an entire year to deductive proof. Of
course, we should continue proofs through-
out the year, and in subsequent years; just
as we should continue arithmetic. Mean-
ings and skills are not established once for
all. Some of the theorems can be postu-
lated after careful laboratory work, while
others can be discussed informally.

In solid geometry proofs might be re-
stricted to those theorems which deal with
lines and planes in space, and with the
geometry of the sphere. The metric prop-
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erties of solids, including the sphere, may
well be developed informally.

A common complaint of teachers is that
there are so many topics to teach in any
one year that they cannot “finish the
book.” If we teach in terms of the mastery
of key concepts and fundamental ideas,
the pages not covered will not matter so
much,

While there is considerable continuity
in the sequential courses, there is not as
much as has been generally believed. As
taught, the various topics in algebra and
geometry seem, to the pupil at least, to be
quite unrelated. The continuity can be
seen better in terms of large ideas rather
than in terms of details.

Planning a year's work in terms of large
units built around key concepts and fun-
damental principles will also help to solve
the problems of integration of the various
subjects. Tt is obvious that natural inter-
relations between algebra, geometry, and
trigonometry should be emphasized.

Thesis '18. Simple and sensible applica-
teons to many fields must appear much more
Jrequently in the sequential courses than they
have in the past.

Applications of mathematics to prob-
lems of industry, physical science, aviation
and business should be used for purposes
of motivation, illustration; and transfer.
Mathematics teachers must become suf-
ficiently familiar with these fields so that
they can choose the applications wisely.
But mathematics cannot be taught solely
through its applications. A few simple ap-
plications at every advanced step should
be used for motivation and as a means of
increasing the possibility of transfer. They
cannot be an end in themselves.

Thesis 19. New and better courses should
be provided in the high schools for a large
fraction of the school's population whose
mathematical needs are not well met in the
traditional sequential courses.

As everyone knows, there are pupils—
very large groups—who do not elect the
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sequential courses, and many of whom are
maladjusted in case they do. Such pupils
as these will never be satizsfied with a purely
academic program. Many of them have
the ability to render valuable services with
a bit of mathematical training as is evi-
denced by the several hundred thousand
boys who held important semi-technical
jobs in the military activities as a result of
mathematics they studied after they left
the regular schools. The military training
program took these boys and taught them
a simple technical science and the related
mathematics. We must give more atten-
tion to the needs of industry, which the
traditional mathematies teacher has ne-
glected far too long. We must provide a
more realistic curriculum for "the large
number of persons who will continue to be
absorbed fairly early in life by industry,
trade, farm, and business. Then, too, we
must provide a course that will give them
greater mathematical security in practical
affairs, such as budgets, insurance, taxa-
tion, and the like.

Since there are in our high schools these
large groups of pupils whose needs cannot
possibly be met by traditional mathema-
tics courses, the sensible thing to do is to
provide good courses with very different
goals and experiences for groups with dif-
ferent needs. Furthermore, as has been
suggested earlier, we must somehow do
this in @ manner that does not offend any
group.

What kind of courses are suggested by
these varied needs? It is obvious that a
year or even two years of mathematics
paralleling the sequential courses, in grades
10 and 11, will serve a useful purpose for a
very large part of the total school popula-
tion. The content of this mathematics
would clearly embrace substantial materi-
als from at least several of the following
areas: mathematics as related to trades
and shop work; commerce and business;
industry; agriculture. It is also clear that
every pupil is potentially both citizen and
consumer; hence all pupils should be given
some understanding of the persistent prob-
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lems that confront most of our families;
viz., social security, taxation, insurance
against the numerous hazards of life, and
ways and means of stretching the dollar in
order to buy the maximum of material
comforts and values with a given income.

To Le sure, this does not preclude the
possibility that certain schools in certain
arcas will deem it advisable to treat these
separate areas more extensively and spe-
cifically through specialized courses.

In the early months of the war, a re-
fresher course in mathematics was popular
among seniors in the high schools. Even
though the term “refresher” may disap-
pear, there will probably always be pupils
in the late years of the senior high school
who have a feeling of insecurity with re-
spect to mathematics. It would seem that
there is a place, at least in the large high
school, for a course that reteaches the es-
sentials of mathematics with new and
fresh materials consisting of practieal ap-
plications that are simple and interesting.

Then too there will probably always be
sonme pupils who arrive at the eleventh or
twelfth grades without having taken any
mathematics beyond the eighth grade.
These pupils may wish to rectify a mis-
take, and so will want a course that will
make them as competent as possible in a
relatively short period of time. The Com-
mission believes that, so long as this need
exists, the larger schools, at least, should
continue to provide a course for pupils in
the eleventh and twelfth grades with a
content for the most part as outlined in a
report entitled Preinduction Courses in
Mathematics. '

There 15 here no implication that the
traditional sequential courses will be less
important in the future than they have
been in the past. Since the turn of the cen-
tury the high school has been facing a dou-
ble responsibility. It must train for leader-
ship, and it must provide a broad educa-
tion in terms of effective citizenship, in the
home, the community, the state and the

1+ See THE Martuesatics Teacuer for
March 1943.

world. It is not a question as to whether
special attention shall be given to either
group; both jobs must be done. However, it
is the main thesis of the Commission that
there are at present large neglected groups
of pupils whose needs cannot possibly be
met in traditional courses, and for whom
new and better courses should now be pro-
vided.

Thesis 20. The small high school can and
should provide a better program in mathe-
matics.

AMany persons do not realize that more
than two-thirds of all high schools are
small, with certainly fewer than 200 stu-
dents and probably fewer than 8 teachers.
Such small high schools enroll in all more
than a million pupils. Professional litera-
ture dealing with the mathematics of the
small high school is meager. For example,
the important committee reports on math-
ematical education devote very little space
to this problem. In amazing fashion a con-
siderable fraction of the population of our
high schools has been overlooked alto-
gether in formulating programs for the
betterment of mathematics.

The mathematical offering of the small
school 1s necessarily limited by the follow-
ing conditions: (1) the rate of turnover of
teachers is high; in a given year, most, in-
deed all, of the teachers may be new to
their positions; (2) the teachers have lit-
tle experience; in a three-teacher school,
all may be beginners; (3) the member of
the staff teaching mathematics may have
had little or no training in the field; (4) the
cost of instruction per pupil is high; (3) the
library and the storage space within the
classrooms for supplementary materials
are inadequate; (6) there is seldom a class-
room devoted exclusively to the teaching
of mathematics, and (7) the teacher of
mathematics may have to teach in two or
more other fields.

As aresult, the curriculum in mathemat-
ics is meager and remote from the pupils’
needs. Thus, a small high school with five
or six pupils in a class may offer only two
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yvears of mathematics. These two years
may be organized according to any one of
many patterns that are in most cases un-
realistic when evaluated in terms of the
pupils’ mathematical needs. For example,
a school may offer a yvear of formal alge-
bra and a year of demonstrative geometry.
Presumably the aim in this case is to pre-
pare all pupils for college even though the
school may have sent relatively few of its
graduates to college in its entire history.
At the other extreme a school may offer
only one year of commercial arithmetic
and a year of agricultural mathematics
with little emphasis on basic concepts and
fundamental principles. Then too, many
schools offer only a year of general mathe-
matics and a year of commercial arithme-
tic. In such schools the occasional pupil
who should be preparing himself for future
leadership in science and mathematics,
graduates with far less of the sequential
mathematics than he should have.

What constructive suggestions can be
made for the improvement of mathematics
for the small school? Let us assume that we
are dealing with a school that has only six
pupils in each grade from 9 to 12 inclusive.
Let us further assume that we can use only
as much of one teacher’s time as is repre-
sented by one-third of the school day (two
periods of an hour each). For this small
school the Commission makes the follow-
ing suggestions.

(a) Offer two courses stmultaneously
within the same class period. Instead of
general mathematics or algebra, one or the
other, it is proposed that both be taught.
The teacher of the one-room rural school
has always taught from six to eight
groups simultaneously; it seems reasona-
ble that a high school teacher can teach
two. In fact, an experiment in Indiana has
demonstrated the feasibility of such a pro-
cedure. In our hypothetical school, one, or
perhaps two, of the six ninth-grade pupils
might, under proper guidance, elect alge-
bra and the remainder study general math-
ematics. A generous fraction of each hour
period should be a work-period with an up-
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to-date textbook. The algebra pupils
might not need more than thirty minutes
per week for the checking and guidance of
their work. There are instances on record
where pupils have done a year’s work in al-
gebra to prepare themselves for rigorous
college entrance examinations without
utilizing more than a dozen hours of a
teacher’s or tutor’s time. The notion that a
pupil must recite for five hours a week is
outmoded.

Our hypothetical school might, in the
tenth year, offer both geometry and a
course in consumer mathematics to which
pupils in the tenth, eleventh, and twelfth
grades might be admitted. Thus the math-
ematics offering of a small high school
might well be broadened and made more
flexible. If a school can afford instruction
in mathematics for three or four periods of
the school day, its offerings can, by this
plan, be as wide as is now commonly found
in much larger high schools.

(b) Provide correspondence courses in the
small high schools. The small school can ex-
tend its mathematics offering by encourag-
ing interested and capable pupils to elect
correspondence courses. A great variety of
correspondence courses are now provided
by comrereial organizations. Moreover, it
seems reasonable to assume that the many
correspondence courses now available to
the men and women of the armed services
may be made available also to public edu-
cation in the postwar period. It is gratify-
ing to note that at least one state (Wiscon-
sin) has authorized school boards to buy
correspondence courses, and in other states
there seem to be no legal obstacles in the
way of a school board that desires to pay
for correspondence courses. The Wisconsin
law reads as follows:

The board of any school district which op-
erates a high school may contract with the uni-
versity extension division of the University of
Wisconsin for extension courses for pupils en-
rolled in such high schools. The cost of such con-
tract shall be paid out of school district funds
and shall be included in the cost of operation and
maintenance of the high school districts which

enter into such contract for the purpose of com-
puting tuition costs.
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During the war, over a million men have
taken correspondence courses under condi-
tions that were often very difficult. It
would seem that pupils in the small high
school would have a much better chance to
succeed in correspondence courses than
men in the armed forces for the reason that
the local mathematics teacher might serv-
ice such work in the courses that he hap-
pens to be teaching. Under this plan a pu-
pil who wishes to study first year algebra
might attend the class in general mathe-
matics or in geometry, and take a corre-
spondence course in algebra under the gen-
eral supervision of the teacher. Since the
teacher of our hypothetical school has only
a few regular students, the implementation
of a correspondence course for one or two
pupils would obviously not be an impossi-
ble task.

(¢) Increase the number of courses by
cycling. Our hypothetical school might well
offer algebra and general mathematics one
vear, geometry and general mathematics
the next year, and general mathematics
and another course consisting of a third
semester of algebra and a semester of
trigonometry in the following vear. Under
adequate guidance and by careful planning
early in his high school career a pupil can
thus get at least two years of general
mathematics or even three years of se-
quential mathematics by the time he grad-
uates from high school. It is assumed that
some schools might wish to substitute a
course in related mathematics, commercial
arithmetic, consumer mathematics, and
the like, for any one of the courses used in
the preceding illustrations. However, in
eyeling, careful planning and adequate
guidance are necessary in order to avoid a
situation in which a prerequisite course
has been offered in the wrong year for a
group of students.

From the foregoing, it becomes obvious
that the offerings of the small high school
do not need to be as limited as they so
often are. Incidentally, by this plan classes
will be approximately doubled in enroll-
ment with the cost of mathematical in-

213

struction per pupil sharply reduced.
Finally, it is suggested that the superin-
tendent and the board of education employ
at least one teacher with a respectable
minor or major in mathematics in order
that the extended offering may be properly
taught.

V. MATHEMATICS IN THE
JUNIOR COLLEGE

It is now rather generally agreed that
one of the main functions of the junior
college is to serve as somewhat of a “com-
munity institute’” providing educational
opportunities, which otherwise might be
inaccessible, to a large number of educable
youth. The curriculum of each junior col-
lege, therefore, becomes something of a
local enterprize in that it nceds to be or-
ganized and administered in relation to the
pattern of living in its community. This
statement does not restrict the curriculum
within the narrow limits for living always
in that community; rather it calls atten-
tion to the perspective needed for a really
functional educational program.

From the point of view of interest in
mathematics, the student body of the
junior college will divide itself into three
major groups: Group I—those students
who desire some knowledge of mathema-
tics merely as a part of their cultural back-
ground; Group II—those students who
need a minimum of certain mathematical
prerequisites because of their desire to
follow specific vocational interests; Group
I11—those students who have major
mathematical needs because they plan a
career in some field such as engineering,
natural science, or pure mathematics.

Thesis 21. The junior college should offer
al least one year of mathematics which is
general in appeal, flexible in purpose, chal-
lenging in content, and functional in service.

In any junior college there is likely to
be a group of students who feel that they
do not care to take a traditional course in
mathematies (Group I). They are not in-
terested in intricate calculations and ex-
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cessive manipulation. Many of them do
not have, at least they think they do not
have, the special aptitude necessary for
understanding such work. It does not fol-
low, however, that these students would
elect to by-pass all mathematics courses.
Many of them might find interesting chal-
lenge in courses containing those mathe-
matical ideas and experiences which are
an essential part of a liberal education. A
basic general course in mathematics might
offer these individuals opportunities for
development which the traditional courses
in freshman mathematics do not offer.

A course such as the one suggested
above could also have definite cultural
content. This would be particularly true if
the mathematical concepts and techniques
developed were presented as an important
part of the history of thought, and were
interpreted in terms of social usefulness.
Such a presentation of materials would
enhance the opportunities for richer signi-
ficance, deeper appreciation, and clearer
understanding of all mathematical con-
cepts and techniques. Those students who
have an interest in mathematics only as a
part of their liberal education would learn
from such a course something of the vital
significance of mathematics as an integral
element of the cultures of the world.

Thesis 22. The junior college program
should provide for a one-year pre-vocational
course in mathematucs.

There is a wide range of vocations which
require that mathematics in varying
amounts be given a significant place in the
program of preliminary training, and the
number is likely to increase in the post-war
period. It, therefore, follows that the stu-
dents of Group II will very likely be one
of the largest and most important groups
in any junior college program. The mathe-
matical requirements of many of these
vocations will be such that they can be
satisfied by a one-year program in basic
mathematical concepts and techniques. It
is the responsibility of teachers of mathe-
maties to determine this body of basic
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mathematics and to organize it into a
general one-year program which will take
care of the pre-professional requirements
which this group of students will need to
meet. T'or example, there are many pro-
spective teachers of other school subjects
who are not prepared for, and who, there-
fore, cannot be expected to become inter-
ested in conventional courses in college
algebra and trigonometry. There is, how-
ever, an abundant reservoir of mathe-
matical information of rich cultural value
and essential educational significance to all
who aspire to teach in our nation’s schools.
Similarly, there are many students pre-
paring for pharmacy, medicine, business,
agriculture, industry, and many other
fields of service, who are forced to elect
traditional freshman mathematics instead
of being challenged by a more functional
program of mathematical training.

There is a great need for a basic one-year
program in mathematics at the junior col-
lege level such as has been outlined by .
the Joint Commission.!” Needless to say,
in & movement so yvoung as the junior col-
lege, considerable experimentation will be
necessary to determine the desirable con-
tent of such a course. The function of
such a course will indeed vary from time
to time, and from one community to an-
other.

Thesis 23. The junior college program
should make ample provision for the student
with a major interest in mathematics.

One of the imporant functions of the
junior college i5 that of preparing its stu-
dents for subsequent work at a more ad-
vanced level of instruction. The third
group of students, namely, those who have
a major interest in mathematics, should
be provided with the opportunity for be-
coming more proficient in fundamental
mathematical techniques and for broaden-
ing their contacts with basic mathematical
concepts and skills. Their horizon of
mathematical needs will vary considerably

U Report of the Joint Commission, op. cil.,
p. 139.




!

SECOND REPORT OF THE COMDMIISSION ON POST-WAR PLANS 215

from the more modest demands of the less
technical phases of biology to the maxi-
mum prescriptions of a major in mathe-
matics. The program for thiz group of
students should be characterized by a
clear current of challenging mathematical
thought and meaningful practice.

A program allowing for such flexibility
of mathematical training as is suggested
in this report will greatly enhance the
opportunities of the junior college for ef-
fective educational service. It should be
of particular significance in the immediate
post-war period, when the varyving de-
mands of the returning war veterans will
tend to make the planning and administer-
ing of educational programs very difficult

VI. THE EDUCATION OF TEACHERS
OF MATHEMATICS

A. I~ GrapES 1-8

Most mathematies courses in the cle-
mentary school are taught by teachers who
have responsibilities with respect to other
bodies of subject matter. On this account
the proposals to be advanced below are
offered with full recognition of the ncces-
gity to prepare teachers for duties in addi-
tion to those relating to arithmetic (ele-

mentary mathematics).

Thesis 24. Al students who are likely to
teach mathematics in Grades 1-S should, as
a mininum, demonstrate competence over
the whole range of subject matler which may
be taught in these grades.

It is a mistake to assume that teachers
need to know only the subject matter
which they will teach. In the first place,
they should be expected to have more
mathematical competence than we should
insist upon for the average adult. In the
sccond place, they cannot orient their in-
struction properly if they do not recognize
the potential consequences nf their in-
struction for succesz:ful accomplishment
on the part of their pupils in later grades.
For example, primary-grade teachers may
see little sense in teaching the nature of
our number system if they do not under-

stand how this knowledge facilitates the
meaningful learning of computation in
Grades 3 to 6.

Each prospective teacher should be ex-
pected to achieve and to demonstrate
mathematical competence. Teachers of
Grades 1 to 6 should do this on their own
responsibility, without course credit for
whatever gpeecial study they may need to
make. Instead, with or without coaching,
such students should prepare themselves
until they can make a satisfactory score
on an acceptable examination. It is sug-
gested that this score might be cquivalent
to the tenth grade norms in computation
and problem solving on some comprehen-
sive and reliable standard test. For teach-
ers of Grades 7 and 8 this criterion is
wholly inadequate, for competence needs
to be assured over a much wider range of
subject matter, to include something be-
vond the clements of algebra, gecometry,
and trigonometry which are involved in
the courses for Grades 7 and 8.

Thesis 25. Tcachers of mathcmatics in
Grades 1-8 should have special course work
relating to subject matler as well as to the
tcaching process, as detailed below.

Thesis 24 above merely assures mathe-
matical competence as such competence
has traditionally been conceived. An ear-
lier section of this report made clear the
shortcomings of this conception, at least
as far as arithmetic is concerned. It there-
fore becomes necessary to outline other as-
pects of mathematical preparation, now too
commonly neglected, which are neverthe-
less indispensable parts of the equipment
for effective teaching. As will be evident,
the provision of this professional equip-
nment places heavy responsibilities upon in-
structors in the college courses which are
called for. This is particularly true in the
case of courses for teachers in Grades 7
and 8. In such courses the instructors
might well be mathematicians who, be-
sides thelr interest in the improvement of
instruction, have rich backgrounds of ex-
perience in the social, vocational, and
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industrial uses of mathematics.

(@) Theory and background of elementary
mathematics.—To live effectively and in-
telligently in our culture we must of course
be able to compute and to solve verbal
problems quickly, accurately, and confi-
dently. But we must also be equipped with
meanings, generalizations, appreciations
of relationships, and the like. In a word,
we need to know something of the theory
and background of elementary mathe-
matics.

Important as this knowledge is for the
average citizen, it is vastly more import-
ant for teachers. Lacking it, teachers will
scarcely be qualified to help their pupils to
acquire it. Hence, at some point in their
ecducation, prospective teachers of Grades
1 to 6 need to learn a good deal about the
nature of our decimal number system and
the story of its development, the evolution
of fractional notation, the theory and his-
tory of measurement, the functions of the
fundamental operations with whole num-
bers, fractions, and decimals, and the
rationale and history of computation.
Teachers of Grades 7 and 8 need all this,
but they obviously need much more than
this. Their course work in algebra, geome-
try, and trigonometry should be corre-
spondingly extended to include the social
and historical background of these more
advanced mathematical subjects.

() Important applications.—The fore-
going paragraphs are intended to suggest
the type of preparation teachers should
have in order to realize as fully as possible
the mathematical aim of their subject
matter. But steps need also to be taken to
assure equivalent preparation in order that
they may realize the social aim as well. It
1s possible to know mathematics as a
closed system of ideas and skills without
heing able to apply it.

Teachers of Grades 1-6 who know arith-
metic in this narrow way are insensitive to
the contribution of arithmetic to social
progress and to sound and effective indivi-
dual adjustment in our present culture.
The course in the teaching of arithmetic

—
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should remove this deficiency. It can do so
if the topics mentioned in the preceding
section are treated with respect to their
social implications and if students are en-
couraged to note systematically the appli-
cations of mathematical concepts and
processes to everyday life. The same gen-
eralization applies in the case of teachers
in Grades 7 and 8, of course with due rec-
ognition of the expanded area of their
mathematical subject matter. Beyond the
material which they will teach they need
backgrounds in the social and economic
uses of mathematics. Thus, to be able to
teach with confidence and assurance such
topics as buying a home, the cost of run-
ning an automobile, making provision for
the future (savings, insurance, social secur-
ity, and in\'estments)', protection agalnst
large losses (fire and liability insurance),
the prospective teacher needs course work
and real experiences in these economic ap-
plications of mathematics.

(¢) Supplementary instructional equip-
ment.—Prospective teachers should have
access to new textbook and workbook
series, to some of the better courses of
study, to standard tests, and to the newer
devices and aids for teaching, such as
models, films, film strips, slides, and the
like. They should have access to a reason-
able amount of this equipment; but, more
than this, they should have opportunity
to examine it critically and to note special
advantages and limitations. No single
textbook or workbook series, for example,
has a monopoly on good systems of organ-
ization, on superior methods of meeting
individual differences, on ingenious testing
devices, and on commendable develop-
mental explanations. And teachers should
not expect to find all that is good and all
that is important in the series which they
happen to teach. Moreover, they should
know and understand the value of the
many excellent multi-sensory aids which
are being made available in increasing
numbers. (See Section VII of this report.)

(d) Methods of teaching.—In courses in
the teaching of mathematics, the methods
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which are most commonly described and
exemplified are those which relate to facts
and to mechanical skills. With new em-
phasis on the mathematical aim of arith-
metic, prospective teachers must learn
how to develop meanings, understandings,
generalizations, a sure grasp of relation-
ships, and the like. And with the new em-
phasis on the social aim, they must know
how to engender in their pupils sensitivity
to the usefulness of number and of meas-
urement in life.

(e) Student teaching.—Provision should
be made for adequate experience in stu-
dent teaching. In considering this need, see
Thesis 32.

(f) Procedures for comprehensive cvalua-
tion.—It was stated above that prospect-
ive teachers should know about the better
standard tests in mathematics. But, good
as they arc for some purposes, these in-
struments are inadequate for compre-
hensive evaluation. Almost without excep-
tion they measure skill in computation and
ability in problem solving and these out-
comes only. If the other outcomes which
are inherent in the mathematical and
social aims are to be evaluated at all, they
must be evaluated by means other than
published tests. .

For comprehensive evaluation prospec-
tive teachers need, first of all, to have a
clear conception of the purposes of mathe-
matics. They need, second, to know and to
be able to identify the kinds of behavior
which will be exhibited both by their
pupils who are achieving these purposes
and by those who are not. Third, they
must have considerable ingenuity in devis-
ing situations for testing, observing, and
interviewing, in order to elicit critical
types of behavior. And, fourth, they must
have confidence in their judgment, how-
ever subjective it may be, as a basis for
evaluating progress in learning.

(g) Research literature—In the end, it
will be through competent research that
we shall arrive at greatly improved teach-
ing procedures. There are at present more
than two thousand published reports of

quantitative investigations, some good,
some bad, on the teaching of mathematics.
Yet, many teachers are unaware of this
large body of information, and still fewer
make use of it. This condition should be
remedied.

Only a few teachers will become pro-
ducers of research, but all of them can and
should become intelligent consumers of
research. This latter purpose can be
achieved if at some time in their educa-
tion they can be brought into contact
with a few selected research reports. These
reports they should study under guidance,
with the view to developing habits of
critical analysis. When they are possessed
of these habits, they can profit imme-
diately from the findings of new studies
rather than have to wait, as is now the
case, for these findings to work their way
slowly into textbooks and courses of
study. In this connection the Yearbooks of
The XNational Council of Teachers of
Mathematies should be helpful.

B. I~ Grapes 9-12

The optimuon training of mathematies
teachers for grades 9-12 should be based
on the functions they should be able to
perform and on the objectives they should
seek for their pupils. A well-prepared
teacher of mathematics should have ade-
quate training so that he can meet all
classroom situations with that assurance
which can be based only on wide know-
ledge and rich background. The following
theses, based on this optimum training,
suggest course work and study in mathe-
matics, education, and related fields over
a period of five years.

Thesis 26. The teacher of mathematics
should have a wide background in the sub-
jects he will be called upon (o leach.

It will not be possible to accomplish
this program completely with most pro-
spective teachers during their undergrad-
uate training. However, enough training
may be given to enable the teacher to get
well on the way to complete accomplish-
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ment. This thesis means that the teacher’s
study of mathematics must include courses
in college mathematics and not be merely
a review of high school mathematics (alge-
bra, plane and solid geometry, and trigo-
nometry).

A teacher cannot teach mathematics
with competence unless he knows enough
about the subject to understand what ele-
ments are important for pupils in their
possible life needs or future study. He can-
not intelligently aid in reorganizing the
high school curriculum in mathematics
without an adequate reserve of mathe-
matical knowledge. Without this kind of
training he will not see that pupils need
basic understandings as well as manipu-
lative skill if they are to develop power in
dealing with quantitative sifidt®ns.

The mathematical background should
include work in trigonometry and solid
geometry if these have not been studied in
high school. It should also include analytic
geometry and caleulus (elements of these
subjects are taught in many high schools)
and a course in college geometry beyond
the secondary course in synthetic geome-
try. Also advisable are a course in the
theory of equations and a course in spheri-
cal trigonometry with applications to
global geometry, astronomy, and map-
ping; so also is a course in the history of
mathematies, with emphasis on the his-
torical development of computation and of
clementary mathematies.

Some knowledge of the foundations of
mathematies is indispensable for a well-
trained teacher of mathematics. It is not
likely that students will get it outside of
class worlc. It may easily be included in the
courses in college algebra and geometry.

At some time in his training the teacher
should learn the use of, and the element-
ary problems of, the transit, sextant, slide
rule, other mechanical computers, and
related elementary problems. Not to be
neglected is the habit of browsing in the
college library that gives a knowledge of
those recreational topics so useful in
conducting mathematics clubs. College

..
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mathematics clubs, and the sponsoring of
high school clubs during apprentice teach-
ing will help greatly.

Other courses from which selections
may be made and which will widen the
teacher’s background are: elementary
statistics and educational measurements,
the elements of non-euclidean geometry,
projective or descriptive geometry, and
the mathematics of finance. Selections
should not, however, be made from these
courses at the expense of the other train-
ing outlined above in this section.

Thesis 27, The mathematics teacher
should have a sound background in related
Sields.

Courses in physics, mechanics, astron-
omy, navigation, economics, business
problems, and the like add much to the
teacher’s ability to draw upon other fields
and to understand and use vital applica-
tions from these fields in his teaching.

Thesis 28. The mathematics tcacher
should have adequate training in the teaching

of mathematics, including arithmetic.

The background developed in previous
paragraphs is of little use to the teacher
unless he can teach with skill. Therefore
he should take courses in the history and
philosophy of education, p=ychology, and
the techniques and problems of teaching
in general, as well as specific metheds in
one or more mathematics subjects.

The mathematics teacher should be
thoroughly familiar with the methods of
teaching arithmetic. The war has shown
a need for emphasis on arithmetic by high
school teachers. There is a rather wide-
spread belief among high school teachers
that a knowledge of higher mathematics
carries with it skill in teaching arithmetic.
Such is not the case. A teacher cannot ade-
quately remedy earlier defects in arithme-
tic teaching without a knowledge of how
arithmetic should be taught, nor can he,
without such knowledge, devise adequate
diagnostic tests or conduct remedial work
in arithmetic. The need is for specific
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training in arithmetic for prospective
high-school teachers.

As a part of his training in teaching
methods he should become acquainted
with those multi-sensory aids that are
available through commercial sources,
motion pictures, film strips, and models.
In time he should become adept in devis-
ing and making for his own class use sim-
ple models, devices, and even film strips,
to aid him in teaching.

Thesis 29. The courses in mathematical
subjeet matter for the prospective mathe-
matics teacher should be professionalized.

Since the objectives to be sought in
training a high school teacher are obvi-
ously not the same as the objectives
sought in training a research scholar or an
engineer, college instructors in mathe-
matics should be closely connected with
the teaching of mathematics in secondary
schools, should have an intimate knowl-
cdge of the problems that teachers in such
schools have to meet, and should be able
to tie in the college courses with problems
in secondary teaching.

Thesis 30. It s desirable that a mathe-
matics teacher acquire a background of ex-
perience tn practical fields where mathe-
matics 1s used.

He should have opportunity for expe-
rience in such fields as the general shop,
machine shop, the making and reading of
simple blue prints, and surveying. A few
colleges and universities are providing
courses for prospective teachers of mathe-
matics which include a semester of expe-
rience in holding a job in an industry or a
business. It would seem feasible and cer-
tainly desirable for a teacher of mathe-
matics to devote at least a summer or two
in learning a variety of jobs in one of the
large manufacturing plants. All such ex-
periences provide illustrations of mathe-
matical uszes,

Thesis 31. The minimum training for
mathematics leachers in small high schools
should be a college minor in mathemalics.
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This report would not be complete
without mention of teachers in the smaller
high schools who must teach one or more
subjects besides mathematics and who
may have a major interest in some subject
other than mathematics. Under these cir-
cumstances the training outlined for ma-
thematics teachers in larger high schools,
whose major interest is in mathematics,
cannot be expected or obtained. In sug-
gesting a minimum training for such teach-
ers there is always the chance that the
minimum may be misinterpreted as a
satisfactory standard. This error must not
be made. If these teachers continue to
teach mathematics, they should plan to
take undergraduate or graduate work to
bring their background and training up to
the standard suggested in these theses.

Since the training outlined in this thesis
must be considered as an absolute mini-
mum, the state should insist that, if the
teacher is to continue teaching mathe-
matics, he must improve his preparation.
This improvement should follow the sug-
gestions made ecarlier in this section.

Thesis 32. Provision should be made for
the continuous cducation of teachers in
service.

Prospective teachers for all grades
should have extensive opportunities to
engage in student teaching under skillful
supervision and guidance. To say that
one learns to teach by teaching is not to
disparage the more formal and academic
aspects of teacher education. It is simply
to recognize that such instruction gains
greatly in meaning and effectiveness when
it is translated into the activities of con-
crete teaching experience. Ideally, student
teaching should be started in a campus or
laboratory school where good teaching and
competent supervision s, in general,
rather easily provided. It should be sup-
plemented by experience in situations in-
volving run-of-the-mill pupils, a feeling of
full responsibility for the results produced,
and at least reasonably good supervision.

A teacher should serve an internship

L
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which will enable him to observe good
teaching and, under the guidance of a
critic teacher, allow him to practice what
he has observed. A training school, no
matter how fine, can not provide all the
variety of experiences necessary. A stu-
dent teacher needs an internship under
competent supervision in a typical school
situation with about half a teaching load
and with enough pay so that he can con-
centrate on becoming a good teacher.

VII. MULTISENSORY AIDS IN
MATHEMATICS

Thesis 33. Mathematics teachers need to
give careful consideration to the possibilities
of multi-sensory aids.'

The schools of the armed forces have
made extensive use of training aids which
may be listed as, (1) motion pictures, (2)
film strips and slides, (3) graphic charts
and pictures, (4) models and other equip-
ment, and (3) recordings. The figures for
production and use are fantastic.!'” As of
January, 1944, 2200 film-strip subjects
had been produced by the Training Film
Section of the Navy alone! Figures on the
use of other visual aids, charts, graphs,
models, recordings, etc., would likewise ex-
ceed the imagination.

Training aids are useful in a great
variety of testing and learning situations.
Training aids are being used in the armed
forces in about every type of training and
in about every conceivable situation. For
example, training aids are used in tests of
factual memory, for inspirational pur-
poses, in the development of concepts, in
the practice of skills, in orientation to new
situations, and especially in teaching the
relationships of parts of an operating ma-
chine. In fact, the range of applications

15 See Multi-Sensory Aids in the Teaching of
Mathematics. The 18th Yearbook of The Na-
tional Council of Teachers of Mathematics, The
Bureau of Publications, Teachers College, 325
W. 120th St., New York 27, N. Y. Price, $2.

17 For a more complete picture of the wide
use of training aids, the reader may wish to refer
to three articles by Lieutenant Commander

Francis W. Noel, U.S.N.R., in the School Erecu-
tive, February, March and April, 1944,
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seems to be limited only by the imagina-
tion, the resourcefulness, and the compe-
tence of the training personnel.

Since this amazing development of
training aids is essentially the product of
the thought, research, and effort of pro-
fessional educators now serving as war-
time officers, it is safe to predict that
multi-sensory aids will be widely used in
the post-war period provided that the
public is willing to furnich large funds for
materials and personnel. [t iz also obvious
that multi-sensory aids are especially use-
ful in teaching science and mathematics.

Thesis 34. The resourceful teacher of
mathematics should be given competent
guidance in the production, selection, and
use of slide films.

There are good reasons for believing
that a teacher of mathematics can make a
significant improvement in his work by
the wider use of slide films. The slide film
or film strip consists of a series of “frames”’
that may be projected on the ordinary
wall of a class rocm. It has the very great
advantage that a single slide or frame
may be held on the screen or wall for a
period of time that is adequate for careful
study. Fortunately film strips are not too
expensive to produce nor too difficult to
design by a resourceful teacher. It is con-
ceivable that a teacher with imagination,
in a favorable school situation, may be
disposed to experiment with slide films.
If this should happen, the total number of
such teachers in the nation will be more
than necessary to provide & complete set
of slide films for all curriculum units that
can be illuminated by this technique, if
properly coordinated. The increased inter-
est in multi-sensory aids is likely to pro-
duce a vast number of slide films—some
excellent, from which the teacher must
make a selection.

The Council is the appropriate organiza-
tion to sponsor, guide, and coordinate the
production of an excellent collection or
library of slide films. The Council could
promote such a program by (a) providing
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the necessary directions for making a slide
film, (b) giving generous recognition and
reasonable compensation to the person or
persons creating the slide films, (¢) utiliz-
ing the audience situations at regional and
national meetings for the selection of the
best slide films, (d) arranging for the ef-
fective distribution of its films by an or-
ganization that would operate on a low
service charge and turn over a small
profit on each film to the Council, and (e)
giving wide publicity to the film strips
sponsored by the Council.

Though the film strip seems at the
moment to offer the most promising possi-
bilities for mdthematics, it is obviously
not the only one of the newer aids that de-
serves study and experimentation. The
fact that the 18th yearbook of the Council
deals with the broad topic of multi-
sensory aids is evidence of the importance
of other aids. Questions and proposals
relating to training aids deserve careful
study by a special committee of the Coun-
cil. The Commission, therefore, has recom-

mended to the Board of Directors of the
Council, that a standing committee on
multi-sensory aids be created to study de-
velopments, to keep the council informed
and up-to-date, and to make information
about the best multi-sensory aids generally
available to mathematics teachers.

In conclusion, let it be repeated that the
foregoing Report is tentative and pro-
visional. It does not offer final solutions,
but submits a set of theses which, it is
hoped, will stimulate further deliberation
and discussion among the nation’s edu-
cators, administrators, and teachers of
mathematics. It should also be stated that
the Report is the result of intensive group
conferences and of much correspondence.
Such discussions by local groups should
resolve differences of opinion as to certain
details. Absolute agreement under ordi-
nary circumstances is not to be expected.
Nevertheless most of the theses of this
report were endorsed unanimously and all
others were approved by a substantial ma-
jority of the members of the Commission.
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I. To taE HicH ScHOOL STUDENT

Wiy should I study mathematics?
What good will mathematics be to me?
Perhaps you have asked vourself these
t questions. If so, you have a right to
goow answers, and you will find them in
the following pages.

The purpose of this report is to describe
for you some occupations in which mathe-
matics is important. You will learn about
the amount and kind of mathematics that
is used and the school level at which it
should be taken.

Many people discover only after they
have begun to work that their job requires
a type of training in mathematics they
have not had. At times they are able to get
this by attending night school, taking cor-
respondence courses, or studying at home.
However, this way is costly and time con-
suming. Also, it is very risky, for they may
not have learned some things well enough.

There 1s no reason why you should make
an error of this type. If the occupation in
which you are interested is not mentioned
in this pamphlet, ask yvour teacher for the
necessary information. You can be quite

* Final report of the Commission on Post-
War Plans of the National Council of Teachers
f Mathematies. The first guidance materials
I ing to a school subject, to he used with
iy chool pupils and by guidance personnel,
arents, and administrators. Bound reprints of
his report may be had for25¢each, postpaid from

'WE MatHEMAaTICs TEACHER, 525 W. 120th
t., New York 27, N. Y.

sure that mathematics in some form is
needed.

It isn't likely that you will want to read
all of this report. However, you may find
some parts that will interest you very
much espceially if you discuss them not
only with vour teachers, but with your
parents and friends. Then you are almost
certain to get a good answer for your
question, “Why should I study mathe-
matics?”

II. MaTHEMATICS FOR PERsoNAL UsSE

Fred looked up from his trigonometry
when he heard the drone of a great sky
liner. Far up in the blue sky, he saw it
merge into the red and orange of the
setting sun. Soon it would be dark. But
ever onward, riding the beam, roars the
great liner while the navigator, with his
computer (a modified slide rule), his
charts, his radar, his radio aids, his sex-
tant, and his mathematical tables, stands
by alert and ready for any emergency. The
fifty or more passengers go to sleep with a
feeling of security. They ride with mathe-
matics!

Fred watched until the great liner van-
ished in the golden clouds. “There,” he
said, ““coes my algebra, geometry and
trigonometry; for without them there
would be no airplanes or navigation.”

Navigation is only one of a great many
fields and professions for which mathe-
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matics is basic—engineering, medicine, re-
search, chemistry, physics and the like.
In fact, it would be easier to name twenty
professions for which a strong mathemati-
cal background is desirable than to think
of two in which such preparation would
not be uzeful. It you take the long road to
a sctentific career it means years of sys-
tematic study of mathematics; your study
of algebra, geometry and trigonometry is
just a beginning.

By this time vou may be thinking, “I
am not going to be an engineer or a doctor.
I'm not the least bit interested in science;
in fact, I'm not even thinking about col-
lege. So I'll skip mathematics.”

Wait a minute! You are living in a
machine world. You want to read the
newspapers intelligently. You talk to
people aboute the adventures of science.
You listen critically to the radio with an
ear for the “whole truth and nothing but

he truth.” Without mathematies you will
not know the score in a scientific age. ILven
it you are not headed for science, vou
nevertheless have a personal use for
mathematics.

At this point a word of caution is in
orcder. In great grandfather’s dayv, a person
could get along fairly well if he didn’t
know how to read. And he got along some-
how if he could do only a little figuring
with whole numbers and common frac-
tions, and knew a bit about decimals and
per centsz. But that won't do today! This
shrinking world doesn’t mean too much
to a person who can’t read. In like manner
a great deal more mathematics is required
for personal use tocday than was needed
in pioneer times.

Let’s take a look at the mathematics
that you will use in the home, in com-
munity life, in reading newspapers and
magazines, and in evervday occupations.

Mathematics in the Home—All through
vour life you will be fizuring money and
money values. There's no denving—you'll
need a good background in arithmetic for
the bookkeeping job of managing some
kind of a household budget. As a consumer
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you must be able to figure rapidly the
“best buy” from goods that look pretty
much alike. )

Installment buying is a booby trap for
many persons. For example: Suppose voy

try this problem on ten or more grown--

ups: o sccond-hand bicycle 1s marked 820
cash. Sally buys this bicycle by paying $2
down and 82 per week for 10 weeks. What
1s the rate of interest per year that Sally
pays? You probably say “109:.” So wil]
some grown ups. A few may say 50%.. A
good answer i3 94.53%, another is 104C;

A
per year.® When you avoid pitfalls by
figuring interest rates on installment

buyving accurately, a good solid footing in
mathematics comes in mighty handy. It's
really surprising how nmuch money can be
saved through wise buying.

In the home, the man-of-the-house has
to deal with figures when he borrows
money, checks his bank account, finances
a home, pays interest on the mortgage,
makes an.investment, or pays the taxes.

Likewize the housewife uses figures when
she manages the food budget, pays bills
promptly to get a discount, makes Jane a
dress, weighs the baby, checks calories in
the daily menu, changes a recipe, or plans
a party.

The long and short of it is that an ef-
ficient home uses mathematics in many
ways. But the members of the family are
probably not much more aware of it than
they are of the air they breathe.

Mathematics for Citizenship—As a citi-
zen in a community vour first job is to use
your mathematics in providing for the se-
curity of vour home and family. In what
way? Through wise buying of various
forms of insurance, as for example, lite,
health, accident, unemployment and auto-
mobile. Prepare for what the future may
bring. Remember that the time may come
when you can’t earn your living; so keep
an eve on security in old age.

With sufficient mathematical back-

* There are several 'Lccepta.blo methods of
computing interest per vear in problems like this
one.
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ground you can understand local, state,
and federal taxation and something about
the collection and use of public funds.

You will read a great deal of statistics
dealing with public welfare, national de-
fense, and government loans. And then
there are community chests, churches,
schools, and other agencies that affect
community living. As a member of some
egroup dealing with such problems yvou will
need not only common sense, but also
number sense. Without it you may not be
able to do your fair share in community
projects.

For Intclligent Reading of Ncwspapers,
Magazines, and Bulletins—TIt may be that
vou will not wear out many pencils in
computation. But you will probably read
a vast number of pages that you can never
quite follow unless you understand the
meaning of mathematical terms that are
uzed again and again. This mathematical
language includes such words as unit,
ratio, average, percentage, proportion,
variable, constant, dimension, and for-

mula.

And there is something elze. You should
be able to read simple tables, line graphs,
bar graphs, circle graphs, and pictograms.
Books, magazines, and bulletins are using
these devices more and more to make the
ideas clear to the reader.

The daily newspaper brings to our
homes figures and statistics on employ-
ment, overtime schedules, opinion polls,
speed limits, indexes, rainfall, bank rates,
freight rates, stock and bond summaries,
national debts, taxes, death rates, speed
limits, bowling averages, baseball stand-
Ings, weather reports, and various caleula-
tions of a machine age. As someonc has
said “ratios, limits, and accelerations are

. photographed vupon every page of our
existence . . . the man of the machine age
15 a caleulating animal.”

For Everyday  Occupations—Ordinary
jobs require zome mathematical knowl-
edge and skill. When you enter your first
job vour employer will assume that you

have o faiv mathematical background.
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You will be handicapped if you can’t keep
a simple account, make change, or solve
common problems of communications,

-travel, and transportation.

Business requires that goods be kept
moving and not grow stale in stock. This
means that mathematical inventories must
be made to guide further action. The office
force is responsible for money, stock, and
credit; it also keeps the books and analyzes
the business.

Craftsmen must use their measuring in-
struments accurately and solve their prob-
lems in a hurry. Most of them learn deci-
mals on the job and wish they had learned
thiem in school.

Estimators must figure close enough to
get the job when competing with others.
At the same time they must figure high
enough to make a profit for the firm for
which they work.

Successful farmers must know enough
mathematics to estimate net profits. How
is this done? By figuring gross receipts
and deducting nccessary expenses which,
might include: trucking, fertilizers, labor,
seeds, sprays, feed, and what not. Farmers
can’t understand government bulletins
written for them unless they understand
how to read graphs and understand clearly
the meaning of such mathematical ideas as
parity.and indices. We have been talking
about successful farmers. There are still
lots of farmers who don’t keep books and
they have been known to operate for yvears
without realizing that they are broke.

Now for a pleasant surprise! All these
computations that sound so difficult are
usually based on simple arithmetic dealing
with whole numbers, fractions, decimals,
percentages, and common units of meas-
ure.

But—and here’s a slight hitch——success-
Sul workers in evervday jobs read technical
books and articles which include basic
mathematics that goes beyond mere com-
putation. To get rapid promotions on
semi-technical jobs in industry vou have
to be something more than merely a good
computer.




318

THE MATHEMATICS TEACHER

Computation with whole numbers, deci-

mals, fractions, and per cent comes first
but there is something more that you
ought to know. How much mathematics is

a “‘must” for every citizen? It’s

time to

get that straightened out. Here is a Check
List of 29 questions. If you can say “yes”

to nearly

all of them you can feel pretty

secure when it comes to dealing with the
problems of everyday affairs.

2]

10.

14

Tue Creck LisT

. Computation. Can you add, subtract, multi-

ply, and divide effectively with whole num-
bers, common fractions, and decimals?
Percents. Can you use percents understand-
ingly and accurately?

. Ratio. Do you have a clear understanding of

ratio?

Estimating. Before you perform a computa-
tion, do you estimate the result for the pur-
posc of checking your answer?

Itoundiug numbers. Do you know the mean-
ing of significant figures? Can you round
numbers properly?

Tables. Can you find correct values in ta-
bles; e.g., interest and income tax?

. Graphs. Can you read ordinary graphs: bar,

line and circle graphs? the graph of a for-
mula?

. Statistics. Do you know the main guides that

one should follow io collecting and inter-
preting data; can you use averages (mean,
median, mode); can vou draw and interpret
a graph?

. The nature of @ measurement. Do you know

the meaning of a measurement, of a stand-
ard unit, or the largest permissible error, of
tolerance, and of the statement that “a
measurement is an approximation’?

Use of measuring devices. Can you use cer-
tain measuring devices, such as an ordinary
ruler, other rulers (graduated to thirty-sec-
onds, to tenths of an inch, and to milli-
meters), protractor, graph paper, tape, cali-
per micrometer, and thermomcter?

. Square root. Can vou find the square root of

a number by table, or by division?
Angles. Can you estimate, read,
struct an angle?

and con-

. Geometric concepts. Do you have an under-
14 3

standing of point, line, angle, parallel lines,
prependicular lines, triangle {right, scalene,
isosceles and equilateral,, parallelogram (in-
cluding square and rectangle’, trapezoid, cir-
cle, regular polvgon, prism, cylinder, cone,
and sphere?

The 3-4-3-relation. Can vou use the Py-
thagorean relationship in a right triangle?

. Constructions. Can you with ruler and com-

passes construct a circle, 2 square, and a rec-
tangle, transfer a line scgment and an angle,
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bisect a line segment and an angle, copy a
triangle, divide a line segment into mo

than two equal parts, draw a tangent to .
circle, and draw a geometric figzure to scale?

. Drawings. Can you read and interpret rea-

sonably well, maps, floor plans, mechanical
drawings, and blueprints? Can you find the
distance between two points on a map?
Vectors. Do you understand the meaning of
vector, and can you find the resultant of two
forces?

Metric system. Do yvou know how to use the
most important metric units (meter, centi-
meter, millimeter, kilometer, gram, Kkilo-
gram)?

. Conversion. In measuring length, area, vol-

unme, weight, time, temperature, angle, and
speed, can you shift from one commonly
used standard unit to another widely used
standard unit; e.g., do you know the rela-
tion between vard and foot, inch and centi-
meter, ete ?

. Algebraic symbolism. Can you use letters to

represent numbers; i.e., do }oﬂ‘undcratana__‘
the symbolism of algebra—do you know the
meaning of exponent and coefficient?

21. Formulas. Do youdgtow the meaning of a

formula—can yoit, for example, write an
arithmetic rule as a formula, and can you
substitute given values iu order to find the
value for a required unknown?

. Signed numbers. Do you understand signed

numbers and can yvou use them?

Using the axioms. Do you understand what
vou are doing when you usc the axioms
change the form of a formula or when |
find the value of an unknown in a simpie
equation?

4. Practical formulas. Do you know from mem-

ory certain widely used formulas relating to
arcas, volumes, and interest, and to dis-
tance, rate, and time?

. Similar triangles and proportion. Do you un-

derstand the meaning of similar triangles,
and do you know how to use the fact thatin
similar triangles the ratios of corresponding
sides are equal? Can you manage a propor-
tion?

Trigonometry. Do you know the meaning of
tangent, sine, cosine? Can you develop their
meanings by means of scale drawings?

Fuirst steps in business arithmetic. Are you
mathematically conditioned for satisfactory
adjustment to a first job in business; e.g.,
} :ave you a start in understanding the keep-
ing of a simple account, making change, and
the arithmetic that il Iu:tratca the most com-
mon problems of communications and every
day affairs?

. bzretchmg the dollar. Do vou have a basis for

dealing intelligently with the main problems
of the consumer; e.g., the cost of borrowing
money, insurance to secure adequate protec-
tion against the numerous hazards of life,
he wise management of money, and buying

4 im0 Sndaeiinh
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with a given income so as to get good values
as regards both quantity and quality?

. “Proceeding from hypothesis to conclusion.
Can you analyze a statement in a newspa-
per and determine what is assumed, and
whether the suggested conclusions really
follow from the given facts or assumptions?

(3]
[Ze]

This little kit of tools that vou have
been playing with in the above Check
List iz enormously useful in solving some
very complicated problems in present-day
life. It is the basic mathematics- needed
in a great many jobs. You will admit that
the list 1s short and we hope that some day

it will seem absurdly simple! Nevertheless

most businessmen who hire high school
graduates would be greatly pleased if
workers came to them “knowing this stuff
fairly well”

And now we come to an important ques-
tion. What mathematies should you study

srder to get what you need for personal
. ¢? In some schools a few of the best
students can get all this by the end of the
cighth grade. Most pupils, however, would
need to continue general mathematies for
one or two vears, in order to master what
the Check List calls for.

If vou are thinking about industry then
you are lucky if you are in a school big
enough to provide a vear or more of shop
mathematics.

You can learn some of the items in the
check list by taking a course in business
arithmetic. However, you can learn the
same things and more in a newer course
called “Consumer Mathematics.” In re-
cent vears more and more schools have
added this course as an elective in the
eleventh and twelfth grades.

Anvone who takes four years of tradi-
tional mathematics (algebra, geometry,
etc.) will get most of the basic mathe-
matics needed for personal use. There
would, no doubt, be some gaps as these
courses are now organized and taught. At
ar  rate if the mathematics for personal
L call that you want, traveling the tra-
ditional road would be a pretty expensive
way of getting it. You would probably be

wiser to take some of the more general
courses we have described.

It is unfortunate that large numbers of
students fail to realize the importance of
gaining skills and understandings in
mathematics while they are in school. Such
students find out too late that they could
have, and should have, mastered the fun-
damentals of mathematics that are re-
quired in most jobs. For them remain the
evening schools and part-time classes or
home study if they desire to learn the fun-
damentals they lack.

It wouldn’t be fair to you if we cnded
this discussion of mathematics for personal
use without mentioning enjoyment and
cultural values. There 1s much more in the
study of mathematies than the vocational
value. Throughout the centuries there
have been many persons who have en-
joyed mathematices for its own sake. There
1s a precious cultural value that comes to
those who learn to appreciate the contribu-
tion of mathematics to civilization—to
the progress of man. You are entitled to
know (1) that few students if any who are
competent in mathematics have ever re-
gretted time spent in learning the subject,
(2) that mathematics is an easyv subject if
well taught and the structure is built
carefully step by step, and (3) that there
are few subjects which students like better
than mathematics, provided it iz well
taught. So, if you enjoy mathematics,
take no thought of the vocational uses in
the tomorrow—sufficient for this davisthe
good thereof.

III. MatHEMATICS USED BY TRAINED
WORKERS

In general the mathematics used by
skilled and semi-skilled workers does not
require training bevond the high school.
If you have a good number sense and fine
training in the mathematics courses in
high school, you are qualified to hold any-
one of hundreds of jobs that recuire ap-
plied arithmetic and the mathematics
outlined in the Cheek List in the preceding
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section. Brief descriptions of a few such
opportunities are given below.

1. Bookkeepers

A bookkeeper is a person in a business
office who keeps track of all business trans-
actions. His is a pretty big job! He has to
keep cash books, ledgers, expense ac-
counts, invoices, and vouchers straight.
Not to mention notes, payrolls, inven-
tories, and bank statements which he has
to check.

The bookkeeper’s figuring is done with
the _““common garden wvariety of arith-
metic’’—whole numbers, fractions, deci-
mals, and per cents. But he’s got to be on
his toes. He must be able to figure ac-
curately, rapidly, and with confidence.

And it’s up to him to spot errors, take

short cuts, estimate results, and check
the work. Luckily, enough ecalculating
machines, mathematical tables, and
graphs are usually around to lend him a
helping hand.

The business departments of public
high schools and private business colleges
give training for this kind of work. The
mathematics that you would need in
bookkeeping includes not only basic
arithmetic, but also business arithmetic,
bookkeeping, and some accounting. Addi-
tional training in English, economics, and
business law helps a lot. A bookkeeper
with more training may advance to an ac-
countant. Just where bookkeeping leaves
off and accounting begins i3 not easy tosay.

Now for a bit of fatherly advice. Unless
you have good general ability and are
far better than average when dealing with
figures, steer clear of bookkeeping. Many
stucdents with low ability take commercial
arithmetic in _high school with the futile
hope that they will be all set for book-
keeping. It just won’t happen!

2. Clerical Workers
Take a look at this table. You'll admit,
won't you, that you didn’t know the ex-
tent to which men are employed as secre-
taries, stenographers, typists. More than

women! If you have ability, one step to-
ward a job with a big fat salary might be
toserve for a while as a secretary to some-
one in a large corporation.

CLERICAL WORKERS EMPLOYED
(1940 CENsTs)

Men Women
Agents, miscellaneous. . . 92,000 9,000
Attendants, physicians’
and dentists’ offices. . . 31,000 23,000
Attendants and assist-
ants, library......... 20,000 7,000
Ticket, station and ex-
press agents. . ... .. .. 40,000 2,000
Collectors, bill and ac-
count............. .. 44,000 3,000
Office machine operators 64,000 51,000
Shipping and receiving
clecks. ... L 230,000 9,000
Stenographers, typists,
and secretaries... ... 1,175,000 988,000
Clerical  and  kindred
workers, miscellancous 1,974,000 630,000

The table also shows the ty;es of work-
ers in the clerical field. By observing the
total number of men and women em-
ployed you get some idea of the impor-
tance of this work. In recent years the
neced for clerical workers has been great.

In some places recruiting agents have

been making the rounds of schools to pick
up students as soon as they graduate.

When business and industry boom, cler-
ical workers are in demand. Even in hard
times the secretary that is tops will likely
have a good job.

Not every secretary marries the boss’s
son or daughter. For the long pull you had
better rest your future as a clerical worker
on fine personal qualities, mental alertness,
and good training.

As far as mathematics is concerned, we
say once more “Bear down on the items in
the Check List pages 318-319.” That's
about all the mathematics you will need.

Oh! we almost forgot. Instruction and
practice with computing, punch card, and
card sorting machines will help. And by
the way, it isn’t correct to call a clerical
worker who operates machines a “statis-
tician.” As you will see later, a statistician
is something else.

If you are in a school that does not offer

o
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business arithmetic, general mathematics,
and practice with machines, perhaps you
can pick these up some time in night
school or hy taking correspondence
courses.

3. Craftsmen

How many men do vou suppose earn
their living at some skilled trade? The
answer i3 more than six million! There are
scores of skilled trades. It might be fun
for you to sec how many you can name—
bricklayer, cavpenter, dressmaker, elec-
trician, plumber, mechanie ete.

Think twice before vou pass up all of
these jobs. If yvou have a flair for a skilled
trade, vou will get satisfaction all yvour life
in the doing of the work. Pay has been in-
creasing and in fact is better than that of
white collar workers. The hours will
likely drop still further. You would have
time and energy to work in the garden or
at some hobby. People appreciate and hold
the skillful craftsman in high respect.

How do yvou get into one of these skilled
trades? Apprenticeship is the road to most

If you were an apprentice, you'd get a
wage that would be automatically in-
creased at regular intervals. At the end of
a certain number of vears you would com-
plete training and thus become a crafts-
man or journeyman.

How do vou get to be an apprentice?
That varies in the different trades and
according to local situations. In some
places you may need to have a relative in
the trade. In many places you would need
to apply to the head of the local union.

Sometimes mechanieal aptitude tests
are given for entrance to apprenticeship.
This is done at the Government Printing
Office, U. S. Navy Yard, and in certain
large industries. Such tests include ques-
tions on elementary trigonometry, simple
machines, interpretation of drawings and
diagrams, and measurement of figures and
solids.

There are scores of apprenticeable
trades. Of these, the following require
trade mathematics, especially measure-
nment in some form.

APPRENTICEABLE TRADES THAT REQUIRE MATHEMATICS®

Baker (hand) 2
Blacksmith 4
Botlermaker 4
Bricklayer 3
Cabinetmaker 4
Carpenter 4
Cement finisher 2
Clothes-designer 4
Compesitor 5-6
Cook 2
Cooper 3
Coopersmith 4
Coremaker 4
Dental mechanic 4
Diemaker 4
Draftsman 4
Dressmaker 2
Drop-forger 4
Flectrician:
Aircraft 4

Automotive 4
Building 4-5
Linesman 4
Electrotyper 5
Engraver 7
Furrier 3
Garment cutter 3
(lazier 3
Granite pohsher 2
Heat treater 4
Instrument maker 4
Jeweler 4
Lather 2
Leather worker 3
Lens grinder 4
Lithographer 4
Machinist 4
Meat cutter 3
AMechanic 4
Mechanic Miscl. 4

Millman 4

Millwright 4

Model maker 4

Aold loftsman 4

Molder 4

Offset-pressman 4

Operating engineer 2-3

Ornamental iron
worker 4

Painter and
paperhanger 3

Paper maker 4

Patternmaker, metal

Patternmaker, wood

Pipe-fitter 5

Plasterer 4

Plumber 5

Pottery-kilnman 3

Pressman 5

Printer 3

(ST}

Yadio techunician 4
Sheetmetal worker 4
Shipfitter 4
Shipwright 4
Stationary engineer 4
Steam fitter
Stone carver 4
Stone mason 3
Structural steel w, 2
Tailor 4
Tile sctter 3
Toolmaker 4
Upholsterer 4
Watchmaker 4
Wire weaver 4
Woodworker, aircraft 4

* Numbers after each trade indicate the necessary learning period in vears.

of them. In general an apprentice is a
learner of not less than 16 years of age who
works under the direct supervision of a
skilled worker or journeyman.

As a skilled worker you must have a
good knowledge of mathematics especially
as applied to the particular trade in which
you are employed. There measurement is a
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first consideration. Each trade has special
units of measure with appropriate measur-
ing instruments. For example, in the
machine trades, craftsmen use such in-
struments as the steel scale, micrometer,
vernier calipers, inside and outside cali-
pers, and gauge blocks.

The beginner in any trade must master
certain fundamentals of mathematics as
taught in secondary school: ability to
make and read simple drawings, make
simple geometric constructions, use right
angles, and right triangles; make, read and
interpret graphs, and solve problems by
the use of ratio. He must also be able to
use letters as numbers in simple formulas,
and be quick and accurate with fractions,
decimals, and per cents in shop situations.

Training for skilled work may be
started in the secondary school, but sel-
dom can be finished there. In school the
learner becomes accustomed to using sim-
ple formulas, performing fundamental op-
erations with algebraic symbols and ex-
pressions, learning the significance of posi-
tive and negative numbers, using right
triangle formulas, and mastering log-
arithms and their applications. When he
enters apprenticeship he 15 usually given
credit for a certain amount of school time
against the required number of yvears.

4. Farmers

If a farmer makes a good living on a
small farm, he must have a good working
knowledge of business arithmetic as of-
fered in the public schools. Such ability
concerns computations involving whole
numbers, common and decimal fractions,
per cents, ratio and proportion. He deals
with perimeters, areas, volumes, weights
and measures, and must solve problems
having to do with'liquids (such as milk),
solids (vegetables), and gases (fumigants).

Those who attend agricultural colleges
are required to take a kind of mathe-
matics course that combines algebra,
trigonometry, geometry, and statistics.
Some of the topics most often covered in
such a course concern: Fundamental op-
erations, fractions, radicals and exponents,
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linear equations, mixtures (feeds, con-
crete), ratio and proportion, logarithms,
and solution of triangles.

5. Nurses

The nurse, usually a woman, needs
(1) elementary arithmetic computation,
(2) a thorough knowledge of various
systems of weights and measures, (3)
competence in handling proportions, and
(4) skill in reading scales and measur-
ing instruments. She needs to be familiar
enough with computations to solve with
precision, confidence, and speed the prob-
lems that concern the preparing of solu-
tions, food values, calories, dosage, meas-
urements by weights and volume, and
changing measurements from one scale to
another (avoirdupois, troy, ‘a'pothecar}v-;*
and metric weights.) A nurse must be ac-
curate! She does not need higher mathe-
matics.

SUMMARY

The mathematics needed by skilled and
semi-skilled workers and by persons in
other occupations described in this section
is pretty much the same as for personal
use. Here also the fundamentals applied to
whole numbers, common fractions, deci-
mals, and per cents are very important.
Accuracy in trades is perhaps even more
important than it isin the mathematics for
personal use. You can make mistakes in
vour personal affairs without losing your
job.

In order that too many doors do not
close on yvou early in life, the minimum of
high school mathematics for you would
secem to be one or two years of general
mathematics. A yvear of mathematics,
labelled “shop mathematics’”’ would cer-
tainly be good for some pupils. A half
vear of statistics taken in high school
would be excellent, but unfortunately it is
offered in only a few schools. And as
concerns promotion to the more re-
sponsible position in the skilled trades
the more mathematics the better! This
might well take the form of four years of
mathematics including algebra, geometry,
and trigonometry.

3
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IV. MarHeyarics For COLLEGE
PreEPARATION

“What mathematies shall I take for
college entrance?”’ That perhaps is the
question most often asked by high school
students.

The answer depends upon two other
questions. (1) What particular college will
vou attend? (2) What are you planning
to do in life? :

What College?—You can find colleges
that will admit students without any high
school mathematics; some are very good
ones, Including some of our great state
universities. But do not be misled by this
fact; read carefully the paragraphs that
follow. In the second place many institu-
tions will permit you to specialize in a good
many fields without having formal al-
gebra, geometry, or trigonometry. For ex-
ample, you can take a college major in
speech, drama, history, languages, politi-
cal science, and journalism with little or
no reference to high school mathematies.
There are, however, many doors to oppor-
tunities which will be closed to you in col-
lege if you have not studied mathemaics
in high school.

Furthermorve, you can not even enter
many profeszional schools without at least
one year in high school algebra and one
vear in plane geometry. Thus colleges of
pharmacy and dentistry require at least
one year of algebra and one year of plane
geometry in the high school. If you do not
take these courses while in high school.
vou may find that yvou will be in trouble
when you get to college. Colleges are re-
luctant to offer high school coursesfor
credit although many are forced to do
just that. You will have to follow a patch-
work program throughout your college
yvears which will keep you out of step with
vour fellow students in the same field
unless you are prepared.

What Specialty’—If you want to be a
selentist, sayv a chemist, vou should take
all the mathematies given in a good sce-
ondary school (algebra, plane and sohd
geometry, and trigonometry).

AMuny freshmen after entering college

decide that they want to take courses
for which they are not prepared in mathe-
matics. They find ut least one yvear of col-
lege mathematics is required before they
can start thelr training program for the
career they want to follow.

But that is not the end of the story.
In certain fields you can take two or three
elementary college courses without mathe-
matical training, but the advanced courses
become somewhat technical, especially as
regards statistics. Typical examples are
economics, geography, and sociology.

In any event, your carcer as a research
worker or as a reader of research reports
in many many fields as, for example, bi-
ology, agriculture, economics, education,
sociology, forestry, and business adminis-
tration, is blocked without a sound foun-
dation in high school mathematics.

The less you are sure of the more you
will need to plan. So it might be well to
keep the following guides in mind:

1. Asearly as possible send for the cata-
log of the college that you have in mind.

2. See what the requirements are, not
only for entrance but also of the depart-
ment concerned. For example the require-
ments for medicine will probably be dif-
ferent from engineering.

3. If you plan to take one or more
courses in college in sclence or mathe-
matics, then you should probably take
four years of algebra, geometry, and
trigonometry.

4. If vour school has a good course in
general mathematics, and if such a course
Iz accepted for entrance credit in the
college of vour choice, the non-science
student might well study it instead of the
traditional sequence of courses.

Vo MaTHEMATICS FOR PROFESSIONAL
WoRrKkERS*

What's a professional mathematician
like? What kind of a bird is he? And what
does he do?

* Sce tlso two bulletins publishied by the Ok-
lahoma  Agricultural and  Meechanical College
(Stillwater, Oklahoma, cntitled (1) Vocational
Opportunitics for Muathematicians and  (2)
Mathematies—Its Vocational Aspeets,
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Roughly speaking, there are two kinds:
(1) workers in purc mathematics, and (2)
workers in applied mathematics.

Let’s take a look at the pure mathema-
tician. There are people who like to play
with mathematical laws and principles just
to see what will happen. They have mathe-
matical curiosity. They are not especially
interested in whether anyone ever finds
any use for the result or not. They have
the:-_‘fun of working their problems, and
that is the only reward they ask. Believe
it or not, there is a large group of men and
women getting paid good salaries for hav-
ing such fun. They are the pure mathema-
ticians. For the most part they are on
college and university faculties. Some,
however, are employed by business and
industrial firms. Out of the play of these
purc mathematicians has come some of the
most important theories and formulas in
modern setence. Perhaps vou still have the
fool notion that the long haired “profes-
sor’” idles away his time in his Ivory
Tower aloof from the world of affairs.
Well, that just isn’t true anymore—if it
ever was. Fven if industry or government
isn’t able to tempt him with a permanent
job, he i3 likely to serve as a consultant
time and again on very practical projects.

The second group of professional work-
ers in mathematics are interested in what
is known as applicd mathematics. They
work at many problems in business, in-
dustry, government, insurance, sociology,
psychology, and the sciences. The sym-
bols and laws of mathematics can be used
to simplify, and in many cases to make
possible, the solution of such problems. In
brief, the practical mathematician helps
workers in other fields. In fact, he often
operates under the name of physicist,
chemist, economist, and so on.

Perhaps three illustrations will help
make clear whatapplied mathematicsis. (a)
Can you see atomic energy in the formula
E'=mc*? Einstein did! He, along with
other mathematicians and scientists,
worked with this formula many yvears be-
fore it led them to the secrets of the

atomic bomb. (b) Two mathematicians
were able to use mathematical formulas to
locate accurately a planet that neither
they nor anyone else had seen. Lo and
behold! The planet was very near where
the mathematician said it would be. (c)
Mathematicians working with insurance
companies use the mathematical laws and
formulas of chance to aid them in prepar-
ing inzurance rates and policies. The
number of applied mathematicians em-
ployed by both government and industry
has increased considerably since the war.

1. Teachers of 3 athematics

Probably the greatest number of pro-
fessional workers who,_ use mathematics
are employed as teachers. In the following

sections you will find dascriptions of the-

mathematigal training needed by different
types of teachers.

a. Mathematics for teachers in elementary-

schools

There arc over a half million teachers in
our clementary schools. Not all of them
have to teach arithmetic. Some arc de-
partmentalized. If you should wish to
qualify for such a position, the main re-
quirement would be that you understand
arithmetic. You cannot teach what vou
do not know. Here iz the arithmetic that
vou would have to teach in the first six
grades.

1. Basic concepts, processes, and vo-

cabulary of arithmetic

2. Our decimal system of numeration,

including the concept of decimal frac-
tions

3. Computation, whole numbers and

common and decimal fractions

4. Principal units of measurement for

evervday use
. Solution of problems involving com-

putation and units of measurement
. Identification of geometric figures
. Use of simple graphs
. Estimation and checking of answers
to problems

In grades 7 and 8 you would teach

general mathematics which includes: In-
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formal geometry, arithmetic, measure-
ment, graphic representation, arithmetic
in personal and community problems, and
first steps in algebra.

Many teachers in our elementary
schools do not as vet have four vears of
training in college. The better school sys-
tems employ only college graduates.

If vou are planning to teach in the ele-
mentary school, three things are very im-
portant: (1) a good methods course; (2)
at least one course which will give vou
subject-matter background for the mathe-
matics taught in grades one through six;
(3) at least one course that will give vou
subject matter background for teaching
the general mathematics of grades seven
and cight. Junior high schiool teachers of
mathematics should have at least 2 minor
in college mathematics. This should in-
clude a year of general mathematies in
college, a course in statistics, a course in
the mathematics of investment, and a pro-
fessionalized course in the subject matter
taught in these grades.

Nearly all the teachers in the ele-
mentary school are women. However,the
elementary school is a grand field for a
voung man who is & fine person and a
competent worker:

b. Mathematics for teachers in high school

To an increasing extent high schools are
providing a ‘‘double track” in mathe-
matics. The high school student may
choose either (1) the traditional college
preparatory courses, or (2) a series of gen-
eral mathematics courses.

The traditional college preparatory
courses usually begin with elementary al-
gebra (9th grade), followed by plane geom-
etry, and further algebra. Large high
schools also provide additional courses
that may include trigonometry, solid ge-
ometry, college algebra, analytic geome-
trv, and surveving. Of course small schools
cannot provide this mathematical feast.
However, more and more schools are pro-
viding correspondence courses to supple-
ment their offering.

The courses on the “other track™ in-

clude such electives as (a) general mathe-
matics—now widely offered as an alterna-
tive to algebra in the ninth grade; (b)
shop mathematics, and (¢) for the later
vears of the senior high school, consumer
mathematics and possibly statisties. Stu-
dents in commercial courses may elect
business arithmetic sometimes as early as
the ninth grade.

These general mathematics courses are
provided for a large number of pupils in
the present-day high school who do not
desire the college preparatory work or for
whom such courses seem unsuited.

Thus it is obvious that in planning your
college courses as a future teacher in a
high school vou should prepare vourself to
teach two kinds of courses with very dif-
ferent goals for two different types of high
school pupils. It is too bad. but true, that
the typical college does not offer too much
that is helpful in preparing vou for teach-
ing the general mathematics courses that
now enroll a majority of the high school
pupils in the country.

As a teacher of mathematics in a high
school vou need not only an aptitude for
mathematics, but also those personal
qualities necessary for all good teachers.
Usually requirements for such jobs include
the bachelor’s degree, and for large cities,
the master’s degree with a major in
mathematics. It often happens that a
teacher must also teach another subject in
addition to mathematics.

Positions are open to both men and
women who hold teaching certificates. In
some statez the minimum salary for the
beginning high school teacher with four
vears of college training has been fixed
at $2400; and in a few at S2600.

c. Mathemalics for tecachers in the junior
college

If vou arve prepuring to teach mathe-
matics in the junior college. vou should
have one or more vears of graduate work
and at least a muster’s degree in mathe-
matics. In addition you should have a sub-
stantial preparation in some other field
than mathematics, as for example, physi-
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cal science, biological science, business,
economics, or finance.

d. Mathematics for the college teacher

The typical teacher of college mathe-
matics has a doctor’s degree (Ph.D.) or
is well along toward completing his work
for that degree. The courses thatyou
might be called upon to teach are: college
algebra, solid geometry, trigonometry,
analytical geometry, and calculus. Beyond
this point courses branch out into many
specialties that concern statistics, finance,
pure mathematics, and other phase of
work of interest only to those specializing
in higher mathematics, or those intending
to enter the graduate school.

e. Mathemalics for teachers in the graduate
school
With few exceptions teachers of mathe-
matics in graduate schools have the doc-
tor's (Ph.D) degree. In the United States
there are fewer than one hundred schools
which award this degree. It may be
that you are already thinking about
such a school. In that case you will find
these institutions listed on page 337.
f. Mathematics for science teachers

Mathematics, as vou know, is the tool
of the sciences. If you plan to be a science
teacher, some day-you will need about the
same kind and amount of high school
mathematics as vou would if vou were
going to teach mathematics. With good
training in science and mathematics you
can shift into either field any time in the
first two years of college.

The number of science teachers in the
high schools is very large. The total for all
sciences i3 only slightly less than for
mathematics.

Administrators of high schools tend to
favor men wheén employing teachers of
physics and chemistry. However, a woman
who is well prepared will have a choice of
positions under present conditions. Sal-
aries of science teachers in high school are
about the same as for mathematics teach-
ers.
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2. Statistician

To be a statistician, first of all, you
should be able to pronounce the word!
The main thing, however, is to have a
thorough knowledge of mathematics. Sta-
tistics is not an end in itself. It is a fool
which is used very' widely in modern life.

You have all seen “vital statistics” in
the newspapers. At first, statistics served
only to provide the public with data relat-
ing to births, deaths, exports, imports, and
of course census figures.

Government and industry realized how-
ever, that these masses of data held in-
formation more valuable than just “what.”
By statistical studies, they could discover
the “why” of eycles and trends. Life insur-
ance companies, by using statistical meth-
ods, could predict accurately how many
people in a particular group would die
during a certain vear, and they could fix
their rates accordingly.

In the last twenty years, statistics as a
seience has developed into a powerful tool
which takes much guess work out of plan-
ning and predicting. For example, if the
Gallup Poll wants to know how many
people are satisfied with their jobs, not
every person has to be questioned. A sta-
tistical sample rightly chosen will give the
answer. Again, if the Navy is buying a
huge order of electric light bulbs, not
every bulb can be tested. A good statistical
sample will be highly satisfactory. Busi-
ness and cconomic agencies lean heavily
on statistics in purchasing, advertising,
and market analysis.

A statistician often plans, directs, coor-
dinates, and conducts statistical rescarch.
Poring over and polishing research reports
iz alzo a part of his work.

Statisticians work in many fields as for
example vital statistics, biometrics, mathe-
matical theory, industrial statistics, edu-
cational work, public opinion polls,
weather forecasting, and ballistics.

And of course they operate under many
titles. Thus the economic statistician Who
collects and interprets data dealing with
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money, banking, finance, the cost of living
and labor relations may be known as an
economist, engineer, or industrialist. The
financial institution statistician deals with
carnings and dividends of corporations, in-
dustries, and securities. The physical
science statistictan deals with cuantitative
problems in exact sciences such as chemis-
try, physics, mathematics, or biochemis-
try. The scientific stalestician works in one
of the applied sciences such as chemistry or
physics, dealing with qualitative problems.
The social scicnee  stalistician  handles
quantitative problems in cconomics, soci-
ologv, and psychology.

Are vou still conscious? Or did these
big words stun you? At any rate the gradu-
ate study of such ficlds as cconomics,
sociology, psychology, education requires
a great amount of statistics.

Are you aware of the newest and fast-
est growing application of statistics?
Take quality control! What's that? In a
word it is to control the quality of a prod-
uct by statistical techniques. You test a
pretty small sample and get a fairly reli-
able rating of the whole.

Some engincers in Bell Telephone had
this bright idea about twenty years ago.

During the war both the Army and
Navy had to buy or purchase vast
amounts of goods. Obviously not every
article could be checkcc . So quality control
was introduced widely and rapidly.

In the postwar period large industries
are finding out that it pays them to use
these statistical techniques.

During the war mathematicians and
statisticians and actuaries worked with
chemists, physicists, educationists, and
psychologists on teams using statistical
methods to study men, materials, and
processes on the job and in operation. At
the rate quality control is growing the
idea of a team of sclentists and statis-
ticians working on a problem may be com-
mon in industry about day after tomor-
row.

So fast is the idea of quality control

spreading that already the demand for
voung engineers with the proper statisti-
cal training iz very great. It wouldn’t
surprise us if you or some bright classmate
would be earning a good salary in this
field some day.

Maybe you'd rather work for Uncle
Sam. All right, he nceds statisticans not
only in quality control but also in research
projects of great variety and difficulty in
such fields as agriculture, education, labor,
economics, and the like.

Maybe the salary will look pretty good
to you. A statistician’s salary in Civil
Service ranges from $5905 to $9975 per
year. To qualfy for this tidy sum you
must have ability to (1) plan and direct
statistical rescarch  projects of great
breadth and difficulty, (2) advise govern-
ment officials on complex administrative
or research problems in the field of sta-
tistics, (3) prepare the well-written statis-
tical reports of a ])1‘0f0<<ionnl staff. As for
background you will need to (1) show a
thorough mastery of statistical theory and
technique especially as it applies to a spe-
cific subject-matter field, (2) carry out
difficult professional assignments in sta-
tistics with little or no technical super-
vision, and (3) deal satisfactorily with
vour fellow workers.

What does all this add up to? A statis-
tician must know his stuff in mathe-
matics! That means taking all of the
mathematics offered in high school in
preparation for college entrance and as
nmuch more as you can tuck in. In addition
to college courses in mathematics it is a
mighty good thing for the statistician to
be trained in some other field in which
statistics may be applied; as for example,
economics, education, physics. This is
putting it midly for training in another
field is practically a “must” for anyone
who i3 going to make use of statistics.

It 15 perhaps needless to say there is a
serious shortage of statisticians ut the
present time. This is largely due to recent
growth in statistical projects in govern-
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ment, research contracts of colleges and
universities, psychological testing, market
research, commercial surveys, research in
biological sciences, and quality control.

If you like to work with figures, and are
doing well in your high school mathe-
nmatics courses, it is likely that there are
very green pastures for you in the field of
statistics.

3. Engineer

Are you interésted in engineering as a
career? There are many types of engineer-
ing activities. Aeronautical, civil, chemical,
construction, electrical, industrial, me-
chanical, metallurgical, and sanitary are
among the more important. Some of these
areas call for more advanced study of
mathematics than do others.

A high school student interested in be-
coming an engineer should take all the
mathematics offered in school—at least
two years of algebra, plane geometry,
solid geometry, and trigonometry—be-
cause he must have the power to think in
terms of numbers, formulas, and algebraic
symbols. He must then spend at least four
years in a college of engineering. In many
types of work the engincer should have
mathematics through calculus if he ex-
pects to be a leader in his profession.

The typical engincering fresman in col-
lege according to . W, Vaughn (Journal
of Enginecring Education, October, 1943)
possesses the following characteristics:
Male: 17 years of age on last birthday;
gracluate of a public school of 500 or more
students located in the same state as the
college attended. His high school mathe-
matics courses included: Algebra (2 years),
plane geometry (1 vear), solid geometry or
plane trigonometry (1 semester). His
science courses included General Science
(1 year), chemistry or physics (1 year).
About half of the students took mechani-
cal drawing for 1 year. Those who avoid
such subjects should choose some other
career than engineering.

4. Surveyor

Surveying is the science of measuring
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distance. It is a part of the training of
every civil engineer. The surveyor meas-
ures heights, distances, areas, and locates
the position of important points. He uses
this information in all forms of construc-
tion, map making, land valuation, mining,
and many other projects. He is held re-
sponsible for the accuracy of his measure-
ments, calculations, and records.

Several semi-skilled workers assist the
surveyor. For example, the instrument
men adjust the surveying instruments;
the chainmen work in pairs measuring
distances with a chain; and the rodmen
hold the level rods at points indicated by
the surveyor.

The 1940 census enumerated 13,243
men and 101 women surveyors. In addi-

tion, there were 7,553 men and 19 women

who worked as assistants. Finallj} there
are many workers in other fields—forestry
selvice, mining engineering, ete., who need
good training in surveying. ,

The conditions for becoming a licensed
surveyor vary with different states. Many
states require graduation from an ap-
proved school of surveying. Several years
practice or apprenticeship is a gencral re-
quirement.

Preparation for surveying may be begun
in high schools that offer short courses for
the preparation of helpers in surveying
projects and apprenticeship is important.
Surveying is taught in any civil engineer-
ing college, but courses are not standard-
ized. All of them assume good background
in high school mathematics.

Some high schools offer short courses in
surveying which may be found very help-
fulin learning the beginning of the subject.
Apprenticeship with an experienced sut-
vevor will also help greatly in learning the
tracde. The basic mathematics for simple
surveying includes geometry, algebra, and
trigonometry. In civil engineering, use i
made of mathematics through calculus in
the study and applications of surveying.

——

5. Accountant

Do not plan to be an accountant unless

v
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you can become agile in tossing figures
around. To be sure many accountants
gain their skill more by experience than by
training. But the flair for figures has to he
in the picture at the very beginning.

The accountant, by training, and in
practice. 13 a husiness analyst. Accurate
recording  of finuncial transuctions  in
mathematical terms 12 essential to the suc-
cess of any commercial enterprise. The
accountant must thoroughly understand
“debit and credit” terms generally used by
business in its bookkeeping procedure to
m=ure this accuracy. An accountant deals
chiefly, except in specialized fields, with
every day arithmetical processes, and with
pereentages, decimals, and ratios.

Some of the problems with which he
dealz concern: computing simple and com-
pound interest; finding dizcount and pres-
ent  values; ascertaining  funded  debt
needs; computing sinking fund require-
ments under actuarial formulas; analyzing
mstallment  buyving: and  dealing  with
problems of insurance rates and benefits,
penston plans, social security taxes, ap-
praizals, and other valuations.

In addition to mathematies, he must be
trained in business practice, banking,
finance, taxation, cconomics, corporation
law, investments, and insurance coverage.
He must relate business enterprise to
economic activities. He must understand
the principles underlving various account-
ing records—how controlling accounts
function—when adjusting entries are
necessary—the differences between part-
nership and corporate organization—the
purpose of depreciation, and the problems
of valuation and liquidation. He must be
able to prepare periodic balance sheets
and profit and loss statements, which are
the business charts of financial condition
and operating trend.

The qualified accountant of today must
understand the principles of budgetary
control—how to gather and correlate the
data for budgets—how to project finan-
cial conditions and operating results—
—and Low to analvze and report on the

reasons for differences between projected
figures and those whieh vesult from opera-
tions actually performed.

Income tax laws have given great im-
petus to accurate accounting under ap-
proved and accepted accounting prin-
ciples. Accounting as it 1s known and
practiced todiy has made rapid and im-
portant strides since the inauguration of
the Federal income tax laws on March 1,
1913.

The trained accountant may choose his
activity in the field of public accounting
where his services and counsel are sought
in all phases of accounting practice and
complex income tax problems—or he may
choose a position as accountant with a
single ecmployer in private industry.

Training in accounting 15 offered in 79
colleges and universities and in many in-
dependent private business colleges, as
well as through correspondence study.

Since business and industry is getting
more and more complicated it isn't at all
likely that the supply of good accountants
will catech up with the demand in the years
just ahead.

6. Actuary

Have you ever wondered how insurance
companies decide on the rates which they
charge for various kinds of insurance?
These companies employv actuarics who
study the data about deaths, accidents,
thefts, and all conditions which affect in-
surance. Then on the basis of this study
and by applving mathematics to it, they
figure out what rates to charge so that the
company can mect all its expenses.

The actuarial field is small compared
with other occupational fields, and places
of employment are few. The work is so
highly specialized that there are only
about 300 actuaries in the United States
who have mct the examinations set for
them. It is estimated. however, that at
least 1000 could profitubly be used in the
insurance companies alone.

Concerning examinations, the actuarial
societies wield a strong influence in shap-
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ing mathematical requirements, and in
determining standards for actuarial jobs.
They set a group of nine examinations
which applicants must pass before they are
qualified actuaries, Upon passing all 9
examinations, an applicant becomes a
fellow of the societies. About 13 fellows
are added annually, and in all there are
400 of whom 300 are located in the United
States.

The actuarial departments of insurance
companies, particularly those located in
Connecticut and New York are the largest
commercial employers of mathematicians.
Actuaries are also employed by such
Federal agencies as the Railrcad Retire-
ment Board, and Social Security Board.
The Civil Service Commission will give
information about any openings in ac-
tuarial work in the Federal government.
Private institutions often employ con-
sulting actuaries in regard to pensions,
annuities, service tables, old-nge benefits,
vital statistics, accident rates, and popula-
tion studies.

The training required of actuaries is so
rugged that those who finally qualify are
azzured of jobs. Algebraic skills are neces-
aary at all times, and a responsible ac-
tuary must know mathematics through
algebra, caleulus, theory of probability,
and the caleulus of finite differences, as
well as the applications of mathematics
to varicd problems of life insurance. Few
universities offer outstanding training in
actuartal mathematics. The larger in-
surance companies conduct their own
training programs to fill the gaps. There
are two societies of actuaries in which
membership 15 by examination: (1) Ac-
tuarial Society of America, 393 T7th
Avenue, New York City, and (2) Ameri-
can Institute of Actuaries, 135 S. LaSalle
Street, Chicago 3, Illinois.

7. Medical and Other Health Services

The group of workers that prevent and
cure physical and mental diseases is very
large. For example in 1940 there were
more than 175,000 phyzicians, 67,000
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demtists, and 100,000 pharmacists.

There are, of course, many other classes
in this group as for example dietitians,
osteopathic physicians, dental hygienists,
occupational therapists, x-ray technicians,
physical therapists, professional nurses,
optometrists, medical pathologists. The
training of all these groups rests very
largely on the basic sciences.

If you are planning to enter any one of
these fields, you will need a sure founda-
tion in high school mathematics, More-
over, you should not undertake a field like
meclicine unless you have good ability,
rugged health, a flair for the work, a bed-
side personality, and a great urge to do
it, for the training period is long and
rigorous, ..

As regards the future outlook in the
medical services, there is convincing evi-
dence of a shortage in the vears ahead.

S. Scicntific Researcher

Chemists, biologists, physicists, astron-
omers, geologists, metallurgists, economists
architects, and other scientists need train-
ing in mathematics as well as in their
specialties. Many such workers are em-
ployed in the government, foundations, in-
dustry, insurance companies, engincering
firms, and other agencies. These mathe-
maticians and scientists make use of such
mathematics as calculus, statistics, differ-
ential equations, and vector analysis; and
they analyze data in such fields as bal-
listics, crypt-analysis, fluid dynamics, and
the like.

Physicists are required to have a thor-
ough training in advanced mathematics.
Demands for men trained in this field are
urgent. The work deals with precision in-
struments, high temperature measure-
ments, automatic electric controls, air
conditioning, and the use of new products
and materials.

Biologists use mathematical methods
especially in physiology, genetics, hered-
ity, medicine, and public health. New
fields in biophysics and biochemistry are
becoming increasingly important espe-
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cially in understanding the nature and
effects of radioactivity, X-rays, ultra-
violet light, and the electronic microscope.

The demand for scientific workers in
the research laboratories in industry has
grown by leaps and bounds in the last
quarter of a century. For example, a list of
such laboratories for 1920 includes 297.
The corresponding list for 1940 includes
2204, In 1946 there were about 53,000
scientists in industrial laboratories plus
35,000 technical workers making a total of
persons who need good mathematical

B. F. Goodrich Company, Akron, Ohio.
The staff includes 89 chemists, 15 physi-
cists, 2 biological scientists, 1 metallurgist,
20 engineers, and one mathematician with
109 additional personnel.

There is a very important table just
ahead. It not only shows the number of
scientific workers in industry at present—
57,000—Dbut also the scientific population
in Federal government and in'the colleges
and the universities.

No mathematicians are shown in the
table under “Industrial Laboratories.”

SciENTIsT PorveatioN Y FIELD aNDp PLace oF Esrroysmest (Estimate, 19.47)

Federal

Colleges and Industrial

Ficld of Work Government Universities Laboratories Total
Auricultural Sciences. ... .. .. 7,600 4,700 — 12,600
Biological Sciences. ..o 1,200 5,400 1,750 S,850
Medieal Sciences. ... oo L. 350 13,300 250 14,300
Physieal Sciences. ..o oL S,000 17,500 27,500 53,000

Physies. ..o oo o o o 1,750 3,900 2,500

Chemistry. ..o oo 2,600 5,500 22000

Mathematies. ... o L 750 3,500 —

Other. ..o 2,400 2,000 2,700
Engineering. ... ... 11,400 9,000 21,500 41,900
NMiscellancous. ... ... oL 050 — 5,800 6,730

Total. ... 30,000 50,600 36,5800 137,400

training of about 90,000. In addition the
laboratories in industry employved about
45,000 administrative, clerical, and main-
tenance personnel. Thus, the grand total
of workers in research laboratories and
industry in 1946 was around 135,000. The
number of professional workers in these
research laboratories has grown from
about 35,000 in 1940 to 55,000 in 1946.

It may be of interest to you to note the
make-up of a research staff and so we pro-
vide two illustrations. (a) The Dow
Chemical Company, Midland, Michigan.
The staff includes 650 chemists, chemical
engincers, physicists, biologists, mechani-
cal engineers, and metallurgists, and 500
additional personnel to carry on the re-
search work. If you walked in the little
town of Midland on Saturday night you
might jostle a good many Ph.D’s. (b) The

The main reason is that the number is
quite small—perhaps 150—but this figure
would not tell the story. Few resea ch
workers have the title “mathematician”
for the reason that when a pure mathe-
matician takes a position in a research
laboratory and applics his mathematics to
some other field, he usually operates with
a title that suggests the field—phvsicist,
engineer, and so on.

Finally, the grand total of about 137,000
is very impressive. Forall of these research
workers need not only excellent training
in mathematics at the high school level,
but also a great deal of mathematical
training in colleges and universities. Their
work requires the highest type of training
in applicd mathematies and research and
this training nceds to be combined with
creative ability and drive. The mathe-
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matician in this research group nceds a
doctor's (Ph.D.) degree or its equivalent
In mathematics.

If vou are definitely looking forward to
a career in industrial mathematics, you
should consult a very helpful pamphlet*
by Thornton C. Fry, Mathematical Re-
search Director, Bell Telephone Labora-
tories. (Readers not especially interested in
mathematics may now take a “seventh in-
ning stretch.””) Here are some samples of
what vou will find in this interesting pam-
phlet:

... Industrial mathematies is being carried
on by graduates of engineering or phivsics not so
much because of the value of that training as be-
cause of the weakness of mathematical educa-
tion in America. The properly trained industrial
mathematician should have, bevond the usual
courses of college grade, a good working back-
ground of algebra (matrices, tensor theory, ete.),
some geometry, particularly the anulyvtic sort,
and as much analvsiz ag he can absorh function
theory, theory of differentinl and intewral equa-
tions, orthogzonal functions, caleulus of varia-
tiong, ete.). These should have been taught with
an attitude sympathetic to their applications,
and reinforced by theorctical courses in sound,
heat, light and electrieity, and by heavy emphio-
g3 upon mechanies, elasticity, hvdrodynamics,
thermodynamics and electromagnctic field the-
ory. He should understand what rigor is so that
he will not unwitting!y indulze in unsound argu-
ment, but ke should also guin experience in such
usetul but sometimes treacherous practices as
the use of divergent series or the modification of
terms in differential cquations. Ife should have
cnough baszic physies and chemistry of the ex-
perimental sort to give himva realiztic outlook on
the power as well as the perils of experimental
technigue. By the time he hazacquired this train-
ing ke will usually also have aecquired & Ph.DD.
degree, but the degree itzelf i not now, and is
not likely to become, the almost indizpensable
prercquisite to employment that it is in univer-
sity life.

There is nowhere in Amerien a scheol where
thiz training can be acquired. No school has ar-
tempted to build a faculty of mathematics wirh
such training in mind. Flenee industry has had to
make suech shi't az might be with ersatz mathe-
maticians cutled from departments of physics
and enginecring. To make matters worse, a stu-
dent with strong theorcticalinterests who enrolis
in physies these davs is almost certain to spend
most of his fime on modern mathematical phyvs-
irs, whicli insists alnost as Litthe upon fidelity to
experience and  expertment as dors “pure’”

* Reprinted from “Rescarch—\ National
Resource—I1" Section VI, Part 4, pp. 268-238. A
House Document, 77th Congress.
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mathematics, from which it differs more essen-
tially in matters of language and rigor than of
general philosophic attitude. At the moment,
therefore, engincering schools must be looked
upon as the most hopeful sources of industrial
mathematicians.

. simple processes as algebra, trigonome-
try and the elements of calculus are the moat
common and the most productive in modern in-
dustrial rescarch. They frequently lead to re-
sults of the greatest practical importance. The
single sideband system of carrier transmission,
for example, was a mathematical invention. It
virtually doubled the number of long distance
calls that could be handled simultancously over
a given line. Yet the only mathematies involved
in its development was a single trigonometrie
cquation, the formula for the sine of the sum of
two angles.

Try points out that mathematics is a -

language which simplifies the process of
thinking and makes it mote reliable. This
is its principal service to incdlustry. He then
lists cight ways in which mathematics is
useful to industry:

First: Tt provides a basis for interpreting
data in terms of a preconceived theory, thus
making it possible to draw deductions from
them regarding things which could not be ob-
served conveniently, if at all.

An illustration is the standard method for
locating faults on telephone lines. Mathematical
theory shows that a fault will affect the im-
pedance of the line in a way which varies with
frequency, and that the distance from the place
of measurcment to the fault can be deduced at
ouece from the frequencies at which the im-
pedance is most conspicuously affected. This is
obviously much more convenient than hunting
the fault dirveetly.

Sccond: When data are incompatible with
the preconceived theory, 2 mathematical study
[requently aids in perfecting the theory itself
The classical illustration in pure science is the
diseovery of the planct Neptune. The motion
of the planet Uranus was found to be incon-

. sistent with the predictions of the Newtonian

theory of gravitation, if the solar system con-
sisted only of the seven planets then known
Mathematical investization indicated, how-
cver, that if ancighth planet of a certain size was
assumed to be moving in a certain orbit, these
(iscrepancies dizappeared. Upon turning a tele-
scope to the spot predicted, the new planet was
fornd.

Third: Tt is frequently necessary in practice
to extrapolate test data from one set of di-
mensions to @ widely different set, and in suck
cases some sort of mathemuatical background i»
almost essentiul.

An example is provided by Me, C0 T, Retd,
Dircetor of Fdueatinn of the Douglas Alreralt
Corporation:
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“IHere it is obviously impracticable to per-
form full-scale tests of such parts as wings or
fuselage, mueh less of entire aireraft, and the
extrapolation from the results of wind-tunnel
measurements to the full-seale characteristies
of airplances must be based on theoretieal con-
siderations.”

Fourth: Mathematies frequently wids in pro-
moting cconomy cither by reducing the amount
of experimentation required, or by replacing it
entirely, Instances of this Kind are met cvery-
where inindustry, not only in rescarch activitics,
but in perfeeting the design of apparatus and
in it~ subscquent manufacture as well.

Fifth: Somcetimes experiments are virtually
impossible and mathematics must fill the
breach, An example comes to me from Mr. ITall
C. Hibbard, Viee President and Chief Engineer
of the Lockheed Aircraft Corporation:

“An unfortunate phenomenon that must be
dealt with in aireraft design is a type of violent
vibration which may be set up in the wings if
the planeis flown too fast. It is known as flutter,
and is highly dangerous, since the vibrations
may be of such intense character as to canse loss
of control or cven structural failure. The tech-
nical problem is thercfore to be sure that the
critical =peed at which flutter would occur is
higher than any at which the craft would ever
bhe flown. It is a phenomenon with respect to
which wind tunnel experimentation is difficult,
and flicht testing very dangerous. It has been
the subject of a number of mathematical in-
vestigations, the results of which have reached
a sufficiently advanced stage that they are now
being used to prediet the critical specds and
flutter frecquencies of aircraft while still in the
design stage. Even more important, the mathe-
matical investigation of this problem points the
way to modifications of design which will insure
that flutter cannot occur in the usable speed
range.”’

Sirth: Mathematics is frequently useful in
devising so-called crucial experiments to dis-
tinguizh once and for all betwecen rival theories.
A famous example in the field of physics was
the study of the refraction of starlight near the
sun’s disc, which afforded a means of deeiding
between Newtonian and relativistic mechanics.
In this case, mathematical investigation showed
that the result to he expected was different ac-
cording to the two theories, and astronomical
observations confirmed the prediction of rela-
tivistic mechanics.

Serenth: Mathematics also frequently per-
forms a negative service, but one which is some-
times of very great importance, in forestalling
the search for the impossible; for many desir-
able objectives in industry are as unattainable
a< perpetual motion machines, and frequently
the only way to recognize the fact 1s by means
of a mathematical argument.

A certain type of electric wave filter which
is usuzlly referred to as an “rdeal” filter would
be very usceful if it could be produced. How-
cver, it has been shown mathematieally that
such a structure would respond to a signal be-

fore the signal reached it; in other words, that
it would have the cift of prophecy. Since this
13 absurd, it follows that no such filter can be
built, and conscquently no oue tries to build it.

Eighth: Finully, mathematics frequently
plays an important part in reducing complicated
theorctical results und complicated methods of
caleulation to reudily avallable working form.
This illustration comes from  Mr., Hibbard,
Viee-president and Chief Iingineer of the Lock-
heed Atreraft Corporation:

“In aireraft design the metal skin, though
thin, coutributes a large part of the structural
strength. Nevertheless; such thin metallic plates
will buckle or wrinkle after a certain critical
load is exceeded. Bevond this point the -usual
structural theortes can not be applied directly
and it is therefore necessary to introduce new
methods of uattack to prediet the ultimate
strength of the strueture. These stiffened plates
are difhicult to deal with theorctically, but by
interpreting the effeet of the stiffencrs us equiva-
leut to an inercase in plate thickness or a de-
crease in plate width, the caleulutions can be
brought within uscfut bounds.”

Mathematics in Some Particular
Indusiries

Perhapsz vou ave even now interesied in
a particular industry as for example com-
munications, electrical manufacturing, the
petrolecum  industry or aircraft manu-
facturing. These four industries employ a
vast number of technical workers. Let us
see what Fry savs about the mathematics
needed in each of these four industries.

1. Communications.—The communica-
tions field is the one in which mathematical
methods of research have been most freely
used. This is due partly to the fact that
the transmizzion of electric waves along
wires and through the ether follows laws
which are particularly amenable to mathe-
matical study; partly also to the fact'that
so much of the research has been central-
ized in a single laboratory, thus bringing
together a larze number of engineers into a
single compact group, and justifving the
employment of consultative specialists.
Most important of all, however, is the
fact that there are two devices—vacuum
tubes and electrical networks—without
which modern long-distance tclephony
would be impossible; and one of these, the
electrical network, is and has been since
its earliest davs almost entirely a product
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of mathematical research. Mathematics
has thus been as essential to the develop-
ment of nation-wide telephony as copper
wire or carbon microphones.

2. Electrical AManufacturing.—Substan-
tially all the research in the power fields is
carried on by a few electrical manufac-
turers. The power companies usually ac-
cept and exploit such equipment as the
manufacturers supply, and contribute to
improved design principally through their
criticisms of past performance. Many of
their engineers, however, are individually
active in the invention and development
of improved equipment.

3. The Petroleum Industry.—The pe-
troleum industry conzists of many produc-
ing units of various sizes, highly competi-
tive in character, and surrounded by a
number of consulting service organiza-
tions, all of which are small. The larger
producing companies—and within their
resources, the service units also—main-
tain research laboratories.

4. dreraft Manufacture—The aircraft
industry also consists of a number of in-
dependent units, and is highly competi-
tive. It 1s a new industry in which rapid
technical development and rapid increase
in size has been the rule. It has depended
primarily upon government-supported
laboratories and, to a lesser extent, upon
the universities for its research, and has
busied itself with the exploitation of that
rescarch in the advancement of aircraft
design. No unit of the industry has had or,
for that matter, now has a research lab-
oratory, in the sensze in which the words
would be used in older and larger busi-
nesses, but the beginnings of research
departments have appeared, and indivic-
ual reseavchers and research projects are
clearly recognizable.

It isn't likely that there will be an over
supply of top flight research scientists in
the years ahead. If you can manage to
secure a good background of science and
mathematics in the high school, you will
probably find employment especially with
one of the modern industrial corporations
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that specialize in electrical and scientific
appliances. Amazing applications of higher
mathematics were made during the war
and have since been developed further in
such fields as electronics, television, radar,
telephonic and telegraphic communica-
tion.

9. Assistants to Research Workers

You don’t have to have four or five
vears of college training to get a good job
in a research laboratory. Many agencies,
including the government, employ “as-
sistants” who are trained in spesial fields
and who'have a good mathematical back-
grountl. ‘

These workers operate under many
titles as for example, “junior statistician,”
“scientific computer,” ‘“‘engineer aid,”
ete. They find employment in particular
fields where research projects are being
carried on. Good illustrations arc engincer-
ing, chemistry, geology, mathematics,
meteorology, physics, and radio. Much of
the work i1s done in the laboratory or near-
by.

As an “assistant” your duties might
include adding long columns of figures.
But don’t get scared at this suggestion.
You would probably be doing the elabo-
rate computation with machines. And they
might not be ordinary computing ma-
chines.

Haven't you been reading in popular
magazines about the new giant machines
that are a million times faster than the
unaided human brain? These monster
computers are now being operated, de-
signed, or built in more than fifty labora-
tories.

It issaid that in a few hours these magic
computers could solve problems that
would keep all mathematicians busy for a
hundred vears. Some respectable scientists
sayv that these new machines will change
life on this planet more than it's ever been
changed before largely by controlling and
predicting anvthing that can be measured.
As for example weather and economic
forces.
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As an assistant on some project in in-
dustry, insurance, education, or govern-
ment, you would handle much of the
routine work of managing the laboratory
materials, collecting and compiling data,
and preparing regular reports.

As vou would guess varying degrees of
training and preparation are necessary.
But be clear on this point: these workers
must have what mathematical training is
offered in high schools—arithmetie, al-
gebra, geometry, and trigonometry.

In addition a major in some field of
science 13 useful. Tinally yvour chances are
improved if yvou have taken some of the
following college courses: college algebra,
trigonometry, analytic geometry, theory
of cquations, and determinants. Keep in
mind that numerical computation, meth-
ods of interpolation, and statistics are
likely to he very useful.

VI WoneN 1xy MaTHEMATICS

Are there only a few girls in your
trigonometry and solid geometry classes?
Don’t be fooled into thinking that there
1sn't a chance for girls in the field of mathe-
matics.

Before World War II, most girls who
majored in mathematics in college became
teachers of mathematies. Of course that
fleld is still wide open, and it always will be
for strong candidates.

When the war came there was a terrific
demand for women trained in mathe-
matics for work in industry, in govern-
ment, and in research institutions working
on government projects. At one women’s
college every mathematics major had her
choice of 25 jobs in industry and govern-
ment!

Bezides demands in teaching and cleri-
cal jobs in business firms, there were new
demands in computing work in industry
and government. Women also found in-
teresting employment in all kinds of
engincering work. Those who had com-
bined training in physies with that in
mathematics did important research work.

During the war, women with mathe-

matical training who went into military
service, did technical work in communica-
tions, air navigation, and aerology. Others
became computers and cryptographers.

In Federal Civil Service, women trained
in mathematics helped win the war by
their splendid work in the Ordnance,
Signal Corps, and Engineer Corps of the
War Department, in the Naval Research
Laboratory, the F.B.I., the Bureau of
Standards, and the Coast and Geodetic
Survey.

You are probably wondering if women
are needed in such work now that the war
15 over. Indeed they are! There is a big
field for tcaching mathematics in high
schools and colleges. The competent
woman is sought also for computational
and statistical work with insurance and
business firms, government agencies such
as the Bureau of Standards, and industrial
concerns. As stated elsewhere, the field of
statistics is growing so fast that there will
be a shortage of trained personnel for some
time to come. Then too, women with
Ph.D’s. in mathematics ean find positions
especially in teachers colleges. Morcover
there 1s at present a rapid expansion of
junior colleges.

So girls, if you like mathematics, keep
moving! You're on the right track.

VIL. MatHemartics Usep By CIviL
SERvVICE WORKERS

Any dizcussion of government work as
such would duplicate this entire bulletin,
since all types of jobsin mathematics men-
tioned are available through Federal,
State, and local Civil Service. The follow-
ing discussion is confined to the Federal
Civil Service. There is no special prepara-
tion for government work in general, but
applications for jobs must be in 2 specific
field.

Briefly, the Tederal government,
through the U. S. Civil Service Commis-
sion, Washington, D. C. employvs every
type of mathematiclan mentioned in this
bulletin—from young clerical workers to
experienced professional directors.

v"'..
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In the field of mathematics an individ-
ual must first decide upon the nature of
work that appeals to him and that he
hopes to enter. He then prepares for that
specialty in the usual manner, choosing
any good approved educational institution
for training. National, regional and pro-
fessional associations accredit or approve
schools and colleges; the Federal govemn-
ment does not approve or recommend any
educational institution.

When a person is prepared in his field,
he may wish to learn about openings in
the government. The procedure is to write
to the Civil Service Commission and re-
quest announcenents of examinations in
his field of interest. These announcements
are also posted on the bulletin boards of
post offices and other public places. If he
chooses to apply for a position, he files the
proper application blank, or takes the
required examination as directed in the
announcement. In this competition he
becomes one of many applicants for the
job. Tinally one individual with the
highest qualifications is selected to fill a
specific vacancy.

For the lower clerical positions, appli-
cants generally are assembled and given
tests which include simple mathematics
problems. Those who pass the test are
eligible for jobs. Clerks qualifying for the

lowest beginning grade that requires
mathematical training (CAF-1) enter

government employment at a beginning
salary of S1756. Examinations are often
announced for clerical workers in the four
lowest grades where beginning salaries
range from $1736 to $2394 a year.

Top grade jobs under Civil Service
carry salaries that range up to $9975 a
year. In 1947 a few of the professional an-
nouncements calling for new workers
include:

Mathematician. Salary S7,102 to §9,975
a year—announced January 21, 1947: The
education requirement for this position is
stated as follows:

A full 4-year course in a college or university
of recognized standing, leading to a bachelor'’s
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degree in mathematics. This study must have
included courses in mathematics consisting of
lectures and recitations totaling at least 2¢
semester hours, and in addition, courses in the
physical sciences (enginecring, physics, geology,
astronomy, chemistry, ete.) totaling 12 semester
hours.

The above courses in mathematics must
have included analytic geometry, differential
calculus, integral calculus, and in addition any
3 of the following: (a) theory of equations, (4,
vector analysis, (¢) higher algebra beyond ele-
mentary college algebra, (d) differential equa-
tions, (e) advanced differential calculus, (f,
advanced integral calculus.

Although no written examination was
required, applicants were rated on a basis
of their education and experience as shown
on their application blanks.

Accountant. Salary S$4,149 to $5,905 a
yvear—announced Feb. 11, 1947,

This announcement calls for four types
of accountants all for the Securities and
LExchange Commission; Research Account-
ant, Office of the Chief Accountant;
Financial Accountant, Corporation Fi-
nance Division; Public Utilities Account-
ant, Public Utilities Division; Securities
Accountant, Trading and Exchange Divi-
sion and Field Offices.

Experienced workers are sought, but
applicants may substitute education (1
vear of study for 9 months’ experience)
for not more than 3 years of experience
under certain conditions. For example:
Study in accounting, finance, business
administration, or banking successfully
completed in a college or university of
recognized standing, or at a residence
school above high school level.

Statistician. $5,905 to $9,975 a year—
announced February 11, 1947 has been
discussed under the topic ‘‘statistician.”

IX. MatHEMATICAL ORGANIZATIONS

Actuarial Society of America, 393 7th
Ave., New York, N. Y.

American Institue of Actuaries, 135 S.
LaSalle St., Chicago 3, Il

American Mathematical Society,
cernecd with research in mathematics,
531 West 116th St., New York 27, N. Y.

Econometric Society, interested in the

con-

Vo  rt
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VIII. GRADUATE ScHOOLS OFFERING DOCTORATES IN MATHEMATICS

Note: Figures indicate number of Ph.D. degrees awarded from 1930 to 1939.

Calif. Berkeley. . ... oo Univ. of California. ... ... ... . ... .. .. ... 2
Pusadena............ ... California Institute of Technology........ .. ..., 1
Stanford. ... oo oo o Stanford University. .o oo o

Colo. Boulder....... ... .. . Univ.of Colorado. . ... ... oo oo

Conn.  New Haven............ ... .. Yale University. ..o oo oo

D. C. Washington. .. ... ... ... ..

Milwaukee. .. ...

Catholic University.. ..o oo i

Marquette University. ... . ... ...

— 0
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Washington. .. .. ...... ... George Washington University...................
. Chicago. .. vvvvevern o NOTERWESTOI I, L e e
Chicago......................Cniv.of Chicago .. .. .. .. .. ... o, 9
Urbana. .. ............ ... Univiot Hhnots. oo oo b)
Iowa AImMeS. o Iowa sState College. .. oo oo
towa City. ... o State Univoof Towa. oo oo 1
Tad. Bloomington............ ... .. Indiana University. ..o oo o oo 6
Notre Dame. ................ University of Notre Dame....................... 1
Lufayette. ... ... ... Purdue University.oooo oo 1
Ian. Lawrence......co.ooo.oo.. Univiof Kansas oo oo o 1
Ky. Lexington. ... o oL Univ. of Kentueky . . oo oo +
La. Baton Rouge. . ... ... . .Univoof Louwistana. ... oo o o oo oo 1
M DBaltimore. .. ............... . Johns Hopkins University ... .. ..o o oo oo 18
College Park. ..o o000 University of Maryland. .. ... ... . ... ... 1
Mass.  Cambridge. ..o o 0L Iarvard University. ..o oo 43
Cambridge. ... ... ... ... 0 Mass. Institute of Technology . ..o oo oo 27
Cambridge. ... ... .. . 0 Radeliffe College (women). oo oo 6
Mich,  Ann Arbor. . oo Univ, of Michigan. ..o oo oo 60
Minn,  Minneapolis. ... o . 0 Univoof Minnesotao oo oo 8
Mo. Columbia, ... .. .o oo o 0 Univeof Missourt. oo 9
St. Louis. .. ... oo St. Louts University. ..o oo 3
St. Louts. ... ..o oo Washington Untversity..oo oo oo oo 6
Neb. Lincoln......................Univiof Nebraskao oo oo oo oo oo 3
N Princeton. ... ... ... ... Princeton University....oo oo 37
N.Y. Ithaca. ..o ool Cornell University. oo o 37
New York. ... ..o L Columbia University. ... oo oo 21
Troy. . .o Rensselaer Polytechnique Institute. ..o 5
New York.. ... . ..o New York University. ... oo 11
N. C. Durham....................Duke University. .. ... ... .o i 7
Chapel IIill.. .. ............. .University of North Carolina. . .................. 5
Ohio Cincinhati..........ooo...... Univ. of Cincinnati. ...t 13
Columbus. .. ......... ... Ohio State University. ... 29
Pa. Philadelphia. ... .. Bryn Mawr (women). ... 8
Philadelphia. .......... .. ... University of Pennsylvania. ....... ... .. .. ... .. 18
- Pittsburgh............... ..., University of Pittsburgh. . ....... ... .. P 18
K. 1. Providence. .. ............... Brown University. ... ..o 25
Tenn. Nashville................. ... George Peabody College....... oo 4
Tex. Austin. . ... oo University of Texas.............ooooioon 9
Houston.. . .................RiceInstitute..... ... . i, 11
Va. Charlottesville. ............ .. University of Virginia........ ... ..o oot 7
Wash,  Seattle............... ... ... University of Washington. . .............. ... .. 4
W. Va. Morgantown. ... Univ. of West Virginia........ ... ... ... 2
Wis. Madison. . .. ... University of Wisconsin........... [P 3g

mathematical theory of economics, Uni-
versity of Chicago, Chicago 37, I

Central Association of Science and Mathe-
matics Teachers, Inc., P.O. Box 408,
Oak Park, IlL

Institute of Mathematical Statistics, con-
cerned with the mathematical theory of
statistics, 116 Rackham Hall, Uni-
versity of Michigan, Ann Arbor, Michi-
gan.

Mathematical Association of America,
devoted to the interests of collegiate

mathematics, University of Buffalo,
Buffalo 14, N. Y.

National Council of Teachers of Mathe-
matics, concerned with problems of
mathematics education, 525 W. 120th
St., New York, N. Y.

X. SELECcTED REFERENCES

Books and Pamphlets

The Outlook for Women in Mathematics and Sta-
tistics. U. S, Department of Labor, Women’s
Bureau.

Personnel and Training Problems Created by the
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Recent Growth of Applied Statistics in the
United States, National Research Council,
2101 Constitution Ave., Washington, D. C.
(price 25¢).

“Qualifications for Professional Positions in Ap-
plied Mathematics and Related Scientific
Fields.” R. S. Burlington and D. C. May,
Journar of Engineering Education, Vol. 37,
No. 8, April, 1947.

Statistical Methods for Research Workers. R. A.
Fisher.

Careers for Women in Banking and Finance.
Dorcas Campbell, N. Y., Dutton & Co. 1944.

Bookkeeping, Success Vocational Information
Series, No. 20. Chicago, Morgan-Dillon & Co.
1937, 24 p. 32¢.

Actuarial Examinations, Preliminary. Actuarial
Society of America, 393 Tth Ave, N. Y, I,
N. Y. and Amnerican Institute of Actuarics,
135 So. LaSalle St., Chicago, Ill. 1946~47, 26
p. Free.

A Career as Actuary. Actuarial Society of Am.
& Am. Institute of Actuaries (as above) 1946.
8 p. Free.

Job Descriptions for Office Occupations. War
Manpower Commission, Div. of Occupa-
tional Analvsis. Washington, Government
Printing Office. 1945, 204 p. $1.25.

Clerical Occupations. Schoerh and Medskr, Chi-
cago, Scicnce Research Associates, 228 So.
Wabash Ave., 1940, 48 p. 50¢.

Job Descriptions for the Construction Industry.
U. 8. FEwmployment Service. Washington,
Gov't. Printing Office. July, 1936. 5 vols.,
1539 p. Sold in sets only, §5.75.

National Apprenticeship Program. War Man-
power Commission, Washington 23, D.C. 1944,
8 p. Free

Accountancy as a Career Field. Geo. A. Spaul-
ding. Washington, D. C. National Council of
Business Schools. 1044, 14 p. 10¢.

Engineers’ Council for Professional Develop-
ment, Annual Report. Enginecring Societies
Bldg. 25 W. 30th, N. Y. 26 p. 25¢.

Careers in Science. Phillip Pollack. New York,
Dutton & Co., 1943, 222 p. $2.75.

Opportunities for Statistical Werkers. Donald E.
V. Henderson. Chicago, Scicnce Research
Associates. 1938, 38 p. 60¢.

Pertodicals

School Science and Mathematics. P.O. Box 403,
Oak Park, Ill. 9 copies a year.
Scripta Mathematica. Amsterdam Ave. & 195th,
N. Y., N. Y. Quarterly.
The Mathematics Teacher. 5325 W,
N. Y. 8 copies a year.
Journal of the A merican Stutistical Association.
Menasha, Wis. Quarterly.
In the March 1945 number sece the following
articles:
Role of the American Statistical
Helen M. Walker.
Opportunities for statistical work in the
Federal Gov’t. W. R. Leonard.

120th, N. Y.,

Assoc.
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Oppertunities for statistical work in State
local Govt’s. David M. Schneider,
Opportunities for tcaching and research,
Gertrude M. Cox.
Opportunities for statisticians in mdubtn
John B. Catlin.
In the June 1945 number sce the follo.\mo
articles:
Training at the professional level for statjs.
tical “ork in agriculture and biology.
W. G. Cochran.
On the training of statisticians,
Silva Rogregues.
American Mathematical Monthly. Oberlin, Ohio.
10 issues each year.
Bulletin of The American Mathematical Society,
12 issues cach year.
Mathematics Magazine (Formerly
Mathematics Maga:ine).,

Milton da
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Office of Education. It was he who or-
ganized the materials submitted by many
persons in a form appropriate to a guid-
ance pamphlet and wrote the first over-all
draft of this report. However, he should
not be held responsible for the shortcom-
ings of this report for the reason that the
eaitorial committee of the Commission
rewrote many of the parts in the effort to
gear the vocabulary and the ideas to the
high school level.

The Commission has leaned over back-
wards in its effort to get a guidance
report free Jfrom unfair propaganda for
mathematics as a school subject. To that
end we submitted this report to the
following curriculum specialists for eriti-
cisms and comments: Thomas H. Briggs,
H. R. Douglass, J. Paul Leonard, and J.
Cecil Parker.

These quotations will give the reader a
genceral picture of their reactions:

Thomas H. Briggs:

I think the guidance report is a very good
job, contributing neceded information to
voung people.

Harl R. Douglass:

I have looked over your “Guidance Leaflet—
Mathematies,” and I think it is splendid. It
has avoided all of those wild, unsupportable
claims for the values of mathematics which
teachers use to recruit students for their
classes.

J. Paul Leonard:

I am sure any high school boy or girl would
profit greatly from reading it and I am sure it
would give most of them a new idca of the
impcrtance of mathematics to certain jobs.
It is attractively written and is remarkably
authoritative and complete to he so concise.
Irecommend it strongly to high school youth
and to guidance counselors.

J. Cecil Parker:

The guidance report is a good job and will

be genuinely useful to teachers, counselors,
. bupils and parents. It should help to meet a

real need for sound information upon which
to base choices of courses and experience in
high school.
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