, 1950

k“j
Bl

FLORIDA STATE UNIVERSITY

THE LANGUAGE OF MATHEMATICS

By
Henry A. Kmen

A Paper.submitted to the Graduste
Council of Florida State University in
partial fulfillment of the reguirements
for the degree of Master of Arts.

o Sois

Professor Directing Paper

Wﬁﬁ@£¥Pég;esifﬁbﬁg________

J?éntative Graduate Counci’

4 _./ '

."f. ' § A 5 ; A 6;_—-) .'.-'.! A
Dean of tqe Graduate School




TABLE OF CONTENTS

Page

Introduetion . . « « « v + « 4 s . . 1
Chapter

L PRE-RENAISSANCE . . . « « + « 2

II. THE RENAISSANCE AND AFTER . . . S

TIT. IMPLICATIONS FOR TEACHING . . . 19



INTRODUCTION

In the catalog issue of the Bulletin of Florida

State University, to be published sometime during 1950,
will appear a challenging lnnovation: the General Edu-
catlion course in mathematics, titled Mathematlces 105,
wlll be listed under the general area of Communicatlion
through Language. This, so far as the writer 1s able to
ascertain, will be the first time a course in mathematics
has been sco listed in any university catalog.

It will be the vurpose of this paper to examine
some aspects of the historleal development of mathematics
to Jjustify such a classification and to explore some of the
lmplications of such an approach for the teaching of mathe-

matics.



CHAPTER I
PRE-RENAISSANCE

The need for quantitative expression and commununi-
cation would seem to be nearly as anclent as the need for
organlzed communication of any kind. Recent studles indi-
cate that "... the rudiments of mathematics appear first in
close comnection with languege and language forms; and some-
times 1t is difficult to discern them clearly.”l Be that as
it may, mathematics has not usually been thought of as s
language but rather as a structure having a twofold nature:
on the one hand practical, in its role as a tool for dealing
with guantitative and spatlal relationships, and on the oth-
er speculative, in its role as a pure, creative art of de-
duction. This dichotomy was born with mathematics, and is
thriving today as evidenced by the division of the subject
into "pure®™ and "epplied” mathematica?

In the beglnning, the speculative side of mathemat-
lcs appeared as m.a,g,ic.:5 As long ago as the Btone Age, relig-

lon had maglcal numbers such as three, four, and seven, and

magical figures such as the Pantalpha and the Swastika.

lW.H. Werkmeister, 4 Philosophy of Science, (New York:

Herper agd Brothers, 1940§, 5. 140.
E.T. Bell, The Mazic of Numbers, (New York:

Whittlesey House, 1946}, p. 30.
“Vers Banford, A Snort History of Mathematlcs,
,Houghton MirfIIn Company, 1930), p.l.
Dirk J. Struilk, A Concise History of Mathematics,
(New York: Dover Publications, 19Z48), I, 9.
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But practical mathematics has always been prosailcally prec-
tical, 1ts oldest example being a tally stick for counting
which dates back to paleolithic times, and which was found
in 1937 in HMoravia.

Apparently the earliest organized mathematics was
the work of the Bebylonians and the Egyptians? It is not
clear jJust which was first, if either. Until recently 1t
was generally thought that the Moscow Papyrus {(ca. 1850 B.G.)
and the Ehind Papyrus (ca. 1650 B.C.) were the oldest examples
of systematized mathematics extant.T But Professor Archlibsald

makes mentlon of the Babylonian Tablet, Plimpton 322 (ca.

1200 ~ 1600 E.C.) recently translated by Professor Neugebauer. "
The interesting thing is that all of these, while largely
Practical, also indicated an interest in speculative mathe-
metics in the form of recreational problems.?

In China where philosophic speculatlon was early ven-
erated, speculatlive mathematics flowered with much Interest
centering on magic squares.lo Legend has it that the magic
square wes discovered by the Emperor Yu (ca.2200 B.C.), who

found it on the back of a tortoise near the Yellow iver.ll

~ Thad,
The term "Babylonian” 1s here used to include all
the various veoples of the Mesopotamlan Valley.

[ Plorian Cajori, A History of Mathemabtics, (Wew York:
The Heemlllan Company, 1901), p.Ill.

8 Razmond Clare Archibsld, "Qutline of the History of
Mathematics," The American Mathematical Monthly, LVI (1949), 9.

2 Banford, oh, el 0.2
10 Thia. », i ’
1 Tria. ». 74,

[




In the utilitarian West, however, the bulk of
mathematics remained a practical means of calculating bulld-
ing and commercisl needs until the advent of the Greeks. As
we have seen, there was some interest in recreational prob-
lems prior to the Greeks, but the change in emphasis wrought
by the Hellenics was so marked that one scholar exclaims:
"Both loglc and an interest in pure knowledge were intro-
ductions of the utterly novel genlus of Classical Greece, ™2
It behooves us, then, to look next at these remarkable Greeks.

fost studies in the history of vhilosophy begln with
one of the "Seven Wise Men," Thales of Miletus. o So also
does Greek Mathematics begin with Thales. He it was who in-
troduced the study of geometry Into Greece. L A successful
merchant, whose wealth gave him lelsure for travel and study,

Theles observed with great interest the geometry of Egypt.

1
This geometry was largely a result of bullding needs 2and

Thales, too, applied his geonmetry in practlcal ways at Tirst,
We are told that he was able to calculate the height of a

pPyramid by measuring its shadow,16 But his philosophical na-
ture soon asserted 1tself , and Thales became concerned with

the nature of loglcal proof. He interested himself 1ln the

e F. Sherwood Taylor, The March of Mind, (New York:
The Hacm%%lan Company, 1939), p. 14.
Cf., Milton C. Nahm {(ed.), Selections from Farly
Greek Philosophy, (New York: F.S8. Crofts and Company, 1947),
or any st?ndard history of Philosophy.
.%é O Yorly: Dpe offvy . IT:
° Alfred Hooper, Makers of Mathemetics, (New York:
Randonm Hfgse, 1948), p. 28.
Ibides Pi (s




abstract and more general, declaring that they were worthier
of deep study than the intuitive or sensible. 17 Thaies 1t
was who began the study of demonstrative geometrylaand who
was the first known individual with vhom definite mathemat-
lcal dlscoverlies are associated‘lg
Once initiated, the sfudy of deductive, or “pﬁre,"
mathematics moved rapidly to the forefront of Greek Mathe-
matics., Practical, "epplied," mathematics was relegated to
the counting house and a distinction was made between Arith-
metic, which dealt with absolute, abstract numbers, and
Loglstic, which dealt with ordinary arithmetical operationsgo
This distinction reached full bloom with Pythagores. Omne
fellow Greek, Aristoxenus, exclalmed about the arithmetic

which Pythagoras "... advenced and took out of the region of

21

commercial utility.” The apprraisal was indeed jJust, for

with Pythagoras the study of numbers became no less than a
religion.22 It is conjectured that the discovery by
Pythagoras that musical harmonies depvended on numerical
ratlos was the source of his mysticism regarding.ﬁumbers.EE
Whatever the source, the fact is beyond dispute. 2

Pythagoras and his followers taught that all things were

17 H,¥. Turnbull, The Greast Mathematiciens, (London:
lMethuen end Company, 162¢), p. 5.

18 BEnIora., o eites De B

53 Archibald, op. cit., p. 18.

Ibid., p. 19

21l Cited by Sir Thomss Heath, A Monual of Greek
Methematics, (Oxford: The Claredon Press, 1931}, p. 37.

22 For a complete account of the Pythagorean religion
see Bellé Bl Chbe Dw i+

3 Heath, op. cit., p. 37.
= Cf., any history of philcscphy.



-
aumbers, even the soul of a men.22 Do we not today, when we
think we have discovered the nature of an individual, say
that we "have his number?" This mystlcal emphasis initiated
by Pythagoras has never been laid to rest. Only recently a
renowmed scientist, Sir James Jeans, exclaimed: "The Great
Architect of the Universe now begins to appear as a pure

26
mathematician.” Before leaving the Pythagoreans, it is
well to note that in spite of their complete absorption with
the mystical aspect of numbers, they lnadvertently made many
contributions to practical mathematics such as the famous
Pythagorean Theorem.

Plato, we are told, was much influenced by the Py-
thagorean conception of number,BT but with less religious
emphasis. Instead of worshiping numbers as such, he sought
to meke use of the abstract concepts of perfect numbera and
verfect geometrical forms to prove the existence of abstract
ideals in general. Thus Plato has Socrates say to Glaucon:

You are aware thet students of geometry,
arithmetic, and the kindred sclences assume the odd
and the even and the filgures end three kinds of angles
and the llke in thelr several branches of sclence;
these are their hypotheses, which they and every-
body are supposed to know, and therefore they do not
deign to give any account of them elther to them-
selves or others; but they begin with them, and go on

until they arrive at last, and in a2 consistent manner,
et their conclusion? ... and do you not know also that

25 pgul J. Glenn, The History of Philosorhy,
( St. Lou%g: B. Herder Book Company, 1945), p. 45.
Cited by E.T. Bell, The Queen of the Seciences,
(Baltimore: The Williams and Wilkins Company, 1951), p. 20.
27 Bell, The Magic of Numbers, ». 154,




although they make use of the visible forms and

reason about them, they are thinking not of these,

but of the ideals which they resemble; not of the

figures which they draw, but of the absolute square

and the absolute diameter, and so on - the forms

which they draw or meke, ... are converted by them

into images, but they are really seeking to behold

the things themselves, ghich can only be seen with

the eye of the mind? 2

Because mathematics illustrated the ideals so well,
Pleto considered training in mathematics essential to the study
of philosophy. It is reported that the door of his school bore
the admonition: "Let no one destitute of geometry enter." =2
Conversely, Plato had little or no use for practical mathematics.
Plutarch sald that Plato blamed those who tried to reduce the
duplication of the cube to constructlons by means of mechanical
instruments, "on the ground that the good of geometry is thereby
lost and destroyed, as it is thus made to revert to things of
sense Instead of belng dlrected upward and grasping at eternsal
and incorporeal images."EO

Not all Greeks felt so strongly about the degrading in-
fluence of applied mathemetics as did Plato, however. Although
Euclid's most famous treatise was his one on pure geometry
called the Elements, it is well to remember that of the flve
complete Euclidean texts avallable, three are on applled mathe-

54

matlics, namely on vhaenomena, opties, and muslec, And Archimedes,
one of the greatest of all mathematiclans, worked equally in pure

32

and applied mathemstics, usinz them to reinforce each other.

28 P1ato, The Republic, trans. BenjJamin Jowett (Hew Yorlk:
Charles 2 ribner's Bons, 1928), p. 270.
Heath, op. cit., p. 171.
O Cited by Heath, op. cit., n. T72.
2L Avrohibald, op. cit,,; pPe 21.
2% Heath, op. cit, »p. 277-288.




The Romans were as practical minded in thelr mathe-
matics a8 they were in everything else and had little use for
the spedulative side of Greek Mathematics. "In fact," Pro-
fessor Sanford observes, "Clcero spoke disparagingly of the
Greek interest in geometry, congratulating his countrymen be-
cause they were concerned only with the mathematlcs that 1s
needed in measuring and in reckoning." 33 Apparently some in-
terest in pure mathematics 1s necessary for the advance of that
subjJect, for the Roman added nothing to the theory of mathe-

54

matics. The only Roman one finds in the various hlstorles

of mathemstics is Boetnius, and he only because he summarized
the mathematics then extant.35 |
With the fall of the Romean Empire all of Europe entered
an Intellectual decline. The recorded advances in mathemstlcs
were wholly the contributions of the Hindu, and later the
Arab and Persian mathematiclans. They seemed to have some ac-
cess to the work of the GreeksBé and contlinued the emphasis
on pure mathematics. Their most notable contribution wasg, of
course, the indispensible number notation which we call Hlndu-
Arabic numerals.37 With the decline of the lMoslem Empire,
mathematlcs stagnated to such an extent that the "state of
mathematics in Europe in 1490 was not substantially better

than in Islam 500 years before." 0

é Sanford, op. odt., p. 13.
2% Ibid., p. 13
gS CaJori, op. cit, pp. 81-83.
© Bagford, op._clt., p. 14
37 H.C. Trigpie, F.C. Bolser, and T.L. Wade,
Basic Mathematics for General Education, (New York: Prentice-
Hall, 195Q), op. 12-17.
3 Taylon, Ap. Bk, P 205




CHAPTER II
THE RENATSSANCE AND AFTER

The Renalssance was felt in methematics as in every
other phase of Intellectual 1life in the sixteenth century.
A ground swell of mathematical creative activity arose that
reached the proportions of a tidal wave during the two suc-
ceedling centurles. In 1533 was publlshed the first European
systematlc exposltlon of plane and spherical trigonometry,
which 1ntroducéd the sine and cosine functions.l Trigonome-
try was here divorced from astronomy and thus given a “pure”
aspect. "Applied" mathematics was not to be slighted, how-
ever, and made 1ts bid with the publiecation in 1491 of the
first account of double-entry bookkeeping.2 A detailed ac-
count of the multitudinous advances of the sixteenth century
is irrelevant to our purpose. We may note that Francols
Vieta contributed a great advance to algebraelic Bymbolism,5
and remerk that the pure and apoplied Tlelds of endeavor con-
tinued to advance approximately equal claims upon men's at-
tention.

The seventeenth century was so replete with out-
standlng developunents in mathemetics that mention mist be

limited to the baresf outline of some of the more notable

1 Archibald, ov. cit., p. 33.
= Ibid... o 0
< Sanford, op. cit., p. 38.




contributions. Fermat lald the foundatlons for modern num-
ber theory, the purest of pure mathematics, contalning many
Pythagorean overtones. Pascal and Desargues opened new
flelds for pure geometry. Descartes wedded geometry and al-
gebra. Huygens advanced the theory of probability. Newlton
and Leibniz gave us that standard sovhomore study, the cal-
culus, snd Napier shortened computation with Z!.oga,r‘it’nms!..‘LF
Pure and apvlied methematics were both investigated with
feverish 1Intenslty, more than ever before boosting and sup-
plementiﬁg each other without losing their respectlve iden-
tities.

Especlally significant for us were the works of
Descartes and Hewton, for these two effected what has since
been called the Cartesian revolution and the Newtonien
world—maohine.5 They were really the alpha and omepga of a
single stirring revolution in thought, for what Descartes
inltiated, Newton developed into & complete mechanlcal in-
terpretation of the world in exact, mathematical, deductive
terms.6 Others contributed greatly, of course, but it was
Descartes who set up the hypothesis, and Newton who, in his

great Mathematicel Principles of Natural Philosophy, formu-

lated and completed the work.T Newton himself made two out-

standing dlscoveries: he found the mathematical method that

; S8trulk, op. cit., II, 125-160.
Eugene G. Bewkes and others, Experlence, Reason
and Faith (New York: Harper and Brothers, 1940), pp.450-456.
John Hermen Randall, Jr., The Making of the Modern
Mind (Bogton: Houghton Mifflin Compeny, 1940), pp. 253-279.
1b18. Pa 260,




would describe mechanical motion, and he applied it uni-
versall?.

That Newton invented the calculus 1s perhaps an ac-
cident; Leibnilz, bullding on Descartes' analytic geometry,
arrived at it independently;gwhile several other mathematl-
clans, Pascal for one, seemed slmost on the verge of it. Be
that as it may, 1t was inevitable that after the Frenchman
had brought algebra and geometry together, men should ad-
vance and ayply algebra also to motion. Descartes had shown
how to find the equation that would represent any curve}oand
thus conveniently and accurately measure 1t and enable cal-
culated prediction to be avpvlied to all figures; but the
gseclence of mechanics, and with 1t any measurement of the pro-
cesses of change 1ln the world, demands a formula for the law
of the growth or falling-off of a curve, that 1s, the direc-
tlon of 1ts movement at any point. Such a_method of measur-
ing movement and continuous growth Newton discovered. He
had arrived at the most potent instrument yet found for
bringing the world into subjectlon to man. Since any regu-
lar motion, be it of s falling body, an electric current, or
the cooling of a molten mass, can be represented by a curve,
he had found the means by which to attack not only the fig-

ures, but the ovrocegsses of nature - the last link in the

o
¥ Ibid., p. 260.
9 Davlid Eugene Smith, History of lathematics(Boston: Ginn
ggd_Company, 1923), I, 418,
Ibid., P. 375.




methematical interpretation of the world.

This mathematical approach to nature had an over-
vhelming success and proved to be a tremendous stimulus to
both pure and applied mathematics - but something new had
been added.

Hitherto, as we have seen, pure mathematics had been
undertaken for faith and for fun, while applied mathematics

found its raison d'etre largely in the counting-house and in

buillding and surveying needs. Now men were explalning the
universe itself in mathematical terms - and 1t worked. Con-
sequently, thinkers who previously hed had no interest in,
or need for, the pure or functlonal study of mathematilcs,
discovered that if they would understand other men's expla-
nations of the vhysical universe they must understand its
descriptive mathematlical terms.

Nor was this "mathematizing" confined to the physi-
cal universe. Fileld after field of study fell under the in-
Tluence of the mathematical aporecach wilth varylng success,
until even such a remcte discipline as ethics was glven
mathematlcal form by Spinoza.ll

Once fully under way, this quantitative approach to
things was never deterred and man's communicsatlve need for
methematics became ever more apparent. By 1904, Mr. H,G.Wells,

in his Mankind in the Making, was led to declare;

11l Benedict de Spinoza, The Philosophy of Benedlct
de Spinoza, trans. R.H.M, Elwes (New York: Tudor Publishing
Company, 1936), pp. 39-277.



The new mathematics is a sort of sup-
plement to language, affording a means of
thought about form and quantity and a means
of expression, more exact, compact, and
ready than ordinary language. The great
body of physical science, a great deal of
essential facts of financial science, and
endless soclial and volltlcal problems are
only accessible and only thinkable to
those who have a sound training in mathe-
matical analysis, and the time may not be
very remote vhen it will be understood
that for complete initiation as an effi-
cient citizen of one of the new great com-
plex world-wlde states that are now devel-
oping, it is as necessary to be able to
compute, to think in averages, and maxlims
and minima, as it 1s now to be able to read
and wriﬁe.i

While Mr. Wells was making thls prophecy, the con-
cept of mathematles as a language was belng bolstered
from another dlrection. As the scientlists grew more suc-
cessful in describing the world in which we 1llve 1n terms
of mathemetics, the mathematiclans were making new dis-
coveries about the nature of mathematics itself. During
the filrst half of the nineteenth century, Lobatchewsky
published a startling geometry that denied ome of Euclid's
postulates and yet remalned COHSiStth.lB Mathematics
tottered upon ite foundationes, but scon recovered and be-
gan to rebulld on firmer ground. Other men trod the newly-
blazed vaths until by the time of the publication of such

works as Hilbert's Grundlaoczen der Geometrie,(1899), and

12 g.a. Wells, Mankind in the Making, (New York:
Charles S%ribner's Sons, 1904), pp. 191-192.

12 E.T. Bell, Men of Mathematics, (New York:
Simon and Schuster, 1937), vpr. 204-306.




the Principia Mathematica,(19lo), of Whitehead and Russell,

the definition of mathematlics had undergone considerable
revision. No longer was mathematles to be defined slimply
a8 the science of guantlty and space. Instead, such a
methematical philosoﬁher aa Professor Ketsoff 1llists no less
than eleven -riief'ir:ii.‘t.i_cmea.1‘1L He introduces the problem by
steting that "it [;athematicé] cannot be uniquely defined
by stating its structure or its field of application alone."15
He concludes by saylng, "It is almost possible to say that
mathematics is a language and that its elements (groups of
symbols) are the 'words' of the language. It would then
appear to be possible to analyze mathematics 11nguisticallm"ﬂs
Possible indeed, for such an analysis was published in 19327
Dr. Katsoff reservedly states that the concept of
mathematics as a language is "almost possible," but others

were more definite. Let us cite two, one a sclentist, the

other a linguist. In Mathematics for the Million,

Lancelot Hogben writes: "Mathemstlcs is a language in which
we descrlbe the slzes of things In contrast to the ordinary

languages which we use to describe the sorts of things in

nld

the world, Mr. Hogben goes so far as to devote an entire

1% Louls 0, Katsoff, A Philosophy of Mathematics
(Ames: Iowe State College Press, 1948), pp. 9-13.
}é Thld. e Be 19
ibld., p. 16.
17 A.F, Bentley, A Linguistic Anslysis of Mathematics
(Bloomin%ton. Princinia Press, 1932).
Lancelot Hogben, Mathematics for the Million
(New York: W.W. Norton and Company, 1937), p. 13.




. : Q
chapter to "The Grammar of Size, Order and Number. "1

"

M.¥. Lewis, a linguist, says: logle and metaphysics

and even mathematics are in essence soclal structures fun-
damentally linguistic in nature.”go

In 1867 a leading lingulst, W.D. Whitney wrote:
"The essential characteristic of our speech is that it 1s

."21 Now in all of the defi-

arbitrary and conventicnal ...
nitions assembled by Dr. Katsoff there is one guality that

finds no disagreement, namely that mathematics 1s arbitrary
and conventional, The study of modern mathematics was thus
lending philosophical support to the functional concept of

mathematics as a langusge.

However, in 1304, when H.G., Wells postulated the
need of mathematics as a necessary tool for communlcatlion
and understanding, it waes still possible to keep up with
the deverlpment of sclence by other means. For by the use
of models, analogies, or verbal descriptions, it was pos-
sible to "translate,” as it were, these new discoverles
from the mathematlcal language of sclence into the tongue
that all could understand. And there were many who were
thus engaged in "popularizing" the achlevements of sclence.
Something further was neceded to establlsh a widespread need

for this newly recognized language, and it was not long in

19 1bid., po. 69-110.
20 .M. Lewis, Lan-usze in Soclety (New Yorl:
Socilal Sgience Publishers, 1948), ». 239.
W.D. Whitney, Language and the Study of Language,
cited by Lewls, op. cit., p. 237.




0 9

coming.

Mr. Wells made his prophecy in 1904. In 1900
Professor Max Planck suggested that energy was atomic or
granular in character,22 and the new quantum physics was
born. In 1905 Einstein formulated his speclal theory of’

relativity.23

With the development of these new approaches
to nature, physics became increasingly dependent on mathe-
matics for description and understanding, and translationa
from the language of mathematlcs to our ordinary language
became ever more difficult, It became virtually impossaible
by 1925, for it was then that Helsenberg, in seeking to re-
solve some of the difficulties of quantum physics, decilded
that muech of the trouble so far encountered was the result
of assuming toc slmple a model for the atom. He tried a
new philosophical approach, which met with great success.
What is important for us is that Heisenberg discarded all
models, pictures, and parsbles. He limited himself strict-
1y to observational numerical data, with the consequence
that his results were inevitably mathematical iIn form-24 No
1ongef could one rely upon such analogles for an accurate
description of man's observations of his universe.

Nor was sclence alone in its increasing dependence
upon methematical language. This same flrst quarter of the
twentleth century saw an ever greater use of mathematlcs In
% Egzg%flé'OE%B?it., P. 473.

2k Slr James Jeans, Physics and FPhilosophy (New Yorlk:
The Macmillan Company, 1944), p. 155.




many fields. Stetistics flourished, the intelligence quo-
tient came into prominence, poll-taking became a sclence,
and at least one notable psychologlist became so aware of
the psychological use of multiple factor analysis that he
wrote an important book on the subject.25 That medium of
the day-by-day report upon the state of the world, the
press, is relying more and more on graphs, tables, business
curves, moving averages, etc.. Truly, the time when the

efficlent citizen must ™... be able to compute, to think in

averages, and maxima and minimae...," in other words to read
mathematics, is rapidly apvroaching.

That this need is zaining wide recognition 1s evi-
denced by the large number of mathematical books, both
texts and popular works, which devote at least a chapter to
the language of mathematics, Alfred Korzybskli has labored
mightily tc convince the world that 1f we wish to understand
the world and ourselves, it follows that we should use a
language whose structure corresponds to physical structure,
and that we possess the model for such a2 language in mathe-

matics.20 Perhaps most convineing is this glowing tribute

from the pen of Stuart Chase:

=3 Louis Leon Thurstone, The Hectovs of Mind
(lecaﬁo. University of Chicago Press, BE by

26 Alfred Korzybslki, Science and Smnltv (new York:
Inze§national Non-Aristotelisn Library Publishing Company,
1941).




There is however one language which 1s
cavable of expressing the structural rela-
tion found In the kmown world and in the
nervous system. It is used with equal fa-
cllity by a Japanese, a Russlan, & Chilean,
or an American. The name of this useful,
well ordered language ls mathematics. I
dislike testimonials, but honesty seems to
demand them in this subject, and here is a
testimonial on methemetics. Convinced by
Rorzybskl that an understanding of mathe-
matlics lmproves commnication, I bought a
little book, Calculus lMade Easy, by S.P.
Thompson, and set to work. In a few days of
hard sweating I brushed up vihaet higher mathe-
motles I had learned 1n the Hassachusetts
Institute of Technology.... Then I returned
to Xorzybaki's account of Einstein. TFor the
first time in my 1life, and in wild exclite-
ment, I caught a genuine glimmer of the mean-
ing of "relativity." It was not a matter of
worde; it was an inner meaning. I think 1t
is safe to say that no language but ma ?e—
maties could have given me this 1light.

Clearly, the apvroach that mathematics is a language
is a jJustifiable one. It 1is demanded by practlical consider-
ations and well supported by philosophical speculation. It
is not too much to say that for many people, just as for Mr.
Stvart Chase, the languvage function may be the most useful

and interesting role thet mathemetics can play.

27 Stugrt Chase, The Tyranny of Words (Mew York:
Harcourt, Brace and Company, 1938), p. 81.




CHAPTER III

IMPLICATIONS FOR TEACHING

One of the chief difficulties confronting the teacher
of mathematics 1s the problem of stimulating interest.
Hitherto this problem has seemed to have two principal an-
swers. There are always some students who delight in the
problems and procesgsses of mathemetlcs for thelr own sake.

From this group come our "pure" mathematicilans. They repre-
sent but a small minority of all students, however. There ls
a larger group which interests 1tself in the practical or "ap-
plied" aspect of mathematics. Future engineers, statlisti-
cians, vhysical and soclal sclentists, etc., recognize their
need of mathematics.

But there remains a very great number of students,
perhaps a majority, who have nelther a liking for mathematlcs
per Be, nor any interest in the practical uses of computatlon-
al skills. These people would, in the main, fall into that
group primarily interested in literature, art, reiigion, his-
tory, etc.. With many exceotions, of course, it has been a
very challenging task to interest such students in mathematlcs.
If we can convey to thls latter group the fact that mathemat-

w

1es is a language, ..not only the simplest and most easily

1
understood of any, but the shortest also,” and that "for some

Ly 1. Brougham, cited by R.E. Moritz, Memorablia Mathe-
matlca (New York: The Macmillan Company, 1914),p. 194.




of the more complicated aspects of nature, mathematics provides
the only key; for every day actlvities in the Power Age, it

2
provides a very useful aid to c¢lear thinking," and we shall
have added a very useful tool for the task of stimulating in-
terest.

The words of ordinary language first came into use as
nouns., A slmple word represented some concrete cbjlect. As
the language grew older, there developed words to represent
actions and more abstract ideas. Philologists tell us that
the sntiquity of a langueage can usually be measured by the
number of words representing high-order abstractions. This is
also an 1ndication of the complexity of the civilization which
fostered the language. Paradoxically, a8 a language growvs
more abstract it gains in preclseness. There are more words
to express fine and subtle differences, nuances of meaning.

Similarly maethematics has developed a large group of
terms having the same two general characteristics - ever more
abstract and ever lesa ambiguous. Why 1s this important to
the teacher, and ultimately to the student, of mathematics?
Because;

Nothing l1ls more impressive that the fact that
a8 mathematics withdrew increasingly into the upper re-
gions of ever greater extremes of abstract thought, it
returned back to earth wilth a corresponding growth of
lmportance for the analysis of concrete fact....The
varadox is now fully established that the utmost ab-
stractions are th% true weapons to control our thought
of concrete fact.

It is not proposed that the tescher attempt to con-

vince all students of the desirability of pursuing mathematics

2 Chase, op. ecit., p. 142.
3 Alfred North Whitehead, Science and the Modern World
(New York: The New American Library, 1948), ». 34.




into the "upper regions" mentioned here. However, armed with
an understanding of this functlon of mathematics, the teacher
should be able to convince almost any student that "...ability
to handle a 1little algebra and geometry, to plot a few simple
graphs - 1s worth having. It helps to solve many problems of
cumrunication and learning.“4 Indeed 1t does! As we have
seen, mathematlics 1ls in fact rapidly becoming the only means
we nave of communlcating ldeas about the most vital and inter-
esting facts concerning our very exlstence - the age-o0ld ques-
tions of why, how, what, when, and where. Especlally slnce
the advent of the quantum and relatlvity, actusl mathemstical
symbols, terms and equations have become our whole stock of
words by which we can express our findings about the nature of
things. We mipght say that the symbols and terms are our nouns,
the operations our verbs, and the eguations our sentences.
5till, one might ask how all that can be related to a
classroom situation. The answer may be found in the fact
that as our dependence upon mathematical concepts and ncotations
for describing the nature of the physical and social world
grows, our literature, our veriodlcals, and our dally press
make increasing use of the language of mathematics. The teach-
er can readily f£ind many examples with which he can create a
pupll awareness of the need for an abllity to read mathematics.
The writer has, for instance, successfully used

Human Destiny, a very popular book, to introduce the study of

8cientific notation. Usually a majority of the class will have

“ Chase, op. clt., p. 142.
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read, attempted to read, or heard of this book. The rest can
be quickly interested in a vital point made by the book, which
1s the chance, or probability, that 1life could have started by
accident on this planet. Curiosity concerning this polint 1is

practically universal, and at the proper peak of interest, the

=N D
-321
vrlter presents the book's answer which is 2.02 x 10

Here is an 1llustration of sclentific notation which reaches

and stigulates a very high percentage of the students. With

an explanation that a short study of scientific notation will

enable cne to read understandingly many such terms, the study

1s launched advantageously.

The everyday reading world grows dally less reticent

about using methematical language such as 1n the illustratlon

offered above. Recently Harper's, a magezine supposed to be

on the high school reading level,6 carried a series of three

7

articles entitled "The Universe and Dr. Einstein." In these

articles the author, Lincoln Barmett, labored hard to avold
any criticism of being too mzthematical in language. Yet in a
paragraph concerning the Lorentz transformation we read:

Suppose, for example, thalt a system, or reference
body, is moving in a certain directilon, then according
to the 0ld princlple of the addition of veloeilles, a
distance or length x', measured with respect to a rel-
atively stationary system, by the equation X=X &VT,
wnere V 1s the velocity of the moving system and T 1is
the time....Here are the eguations of the Lorentz

“ Lecomte du Nouy, Human Destiny (New York: Longmans,
Green an% Company, 1947), p.34.
Harver's Magazine, CXCVI (1948), 393.
7 Lincoln Barnett, 'The Universe and Dr. Einstein,"
Harper's Magazine, CXCVI (1948), 303-312, 465-476, 529-539.




trensformation which have supplanted the olderaand
evidently lnadequate relatlionship cited above:

X'z xX—v T

-—-_-—_—___-___.—-v—!

| /1= ()

Admittedly, the average person today doesn't have to
know these terms, and doesn't have to read Harper's or Human
Destiny. But whenever certain terms are necessary to explain
or describe somethlng, Interest in the terms used 1s bound to
increass in dlrect ratio with interest in the thing described.
And veople are generally interested, in varying degrees, in
the nature of the world and the 1life on it. They are, after
all, part of that 1life. Tell them that they are composed of
electrons and they will want to lmow mere. Tell them an elec-
tron can best be descrilbed as a fleld of probabillty and they
will want to understand more about probabllity.

When Albert Einstein predicted the curvature of light,
and Lise Meitner suggested the possibility of splitting the
atom, via pure mathematics, they performed feats of great pub-
lic interest. Thils 1s reflected by the popularity of such

books as One-Two-Three-Infinity, Mathematics for the Million ,

ete., and by the appearance of authors like Alfred North
Whitehead in the popular paper bound pocket-books. The widely

read news magarzine, Time, recently carried a lead article on
8

. Barnett, "The Universe and Dr. Einstein," op.cit., ».
p. 472,



Dr. Robert Oppenheimer and hils work in the Institute For Ad-
vanced Studies at Princeton with no apologles to the ordinary
reader.g

Surely thils adds up to the fact that the teacher of
mathematics has been provided with another tool with which
to stimulate interest. As the use of mathematics ag a language
becomes more widespread, 1t will seep through in mounting
quantity to newspavers, advertisements, science fiction, and
the like. Here are the alds that may, with discriminating
selection, be used even on the lower levels. From an adver-
tisement appearinz in Collier's we take these words: "The
Hurricane has a compression ratic of 7.4 to 1... ."1° Amer-
ica's youngsters have a great deal of interest in anything
pertaining to motors, so such advertisements as the one men-
tioned provide easily accessible alds for provoking interest
in the language of mathematics.

There remains to be considered the question of wheth-
er provoking interest in mathematics as a language 1s kin to
arousing Interest 1n schoolbook mathematics. In a general
way the answer is yes. Any language whatsoever cannot escape
a. certain amount of syntax which must be mastered to some ex-
tent 1f the language is to become a useful tool, and msthe-
matics is no exception. Pure mathematics may be likened to
pure grammar, and usually 1f there is an interest in a lan-
guage there is some interest in its grammer. If, as deems

highly possible, the capable teacher can evoke interest in

lOTime LIT (1948), 70-72.
Collier' s, (Anril 29, 1950), 44,



mathematics as a language, there will be a corollary interest,
to some degree, in schoolbook mathematlcs.

We may sum up then by saying that the teaching impli-
cations in approaching mathematics as a language are that
since 1t can be demonstrated that mathematics 1s a necessary
langusge, with a high factor of use and interest, we have
here a new implement for motivating the study of mathematics

and for reachlng greater numbers of students.
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