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B -&}mn ¢f Secondary Mathematicss
¥ ’

Too mechanical and formal. ¥
Rausnniﬁg,du&hctivu.
Artificial. '
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Traditional, not practical.
Average child not mathematically inclined.
Algebra kept up because easy to teach.
Subject difficult.

*

I To know the force with which mathematics works.

+ITI To understand exactness with which nature works.

III To develop fundamental concepts.

IV Tec esnable child to carry on work of future occcupation.

V Teo serve as basis for future preparation. °*
V1 To find new and better ways of doing work.
VII To recosnizs mathematical situation when it arises.

VIII To enable us to determine whether child will profit by
2 future study.

To keep door of specialization open to those of ability.

g
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II Geometry.
D. Gains made in change from time honorad course.
t' I Most useful presented in ocumulativs ordsr.
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Efficient teachers of mathematics admit that this subject
is not taught in an i1deal manner. Nc subject in the antire curriculum
is sé organized or sc taught as mathematics in our public schools
today. The mathematics of the schocl has nct been sufficiently re-
lated to the mathematics of the 1ife cutside of schoocl. The roots of
m&th?matiul in the schocls have not been sufficiently "embedded 1n the
3?11 of reality."

But the rapid imcrease in the namber_of Juniocr High Schocls
is one of the most significant facts in the raoaﬁt educaticnal pro=-
gress. The organization and dﬂvﬂlépment of tha~funier High School
'quams sufficiently in accord with experience nﬁa with commen sense to
give scme promise of rermanence and hence t¢ justify serious considera
tion. "

In the report of the "Committee of Ten on Secondary Schoel
Studjies,"” & recommendation was found concerning the articulation of
elam;ntary and secconday schocl educaticn. Several subjects now re-
served for hish schcol - such as algebra, natural science, and foreign
language - should be begun earlier than now and therefore within the
schools claesified as elementary: or as an alternative, the secondary
school pericd should be mads te begln two years earlier than at cresent,
leaving eix years instead of eight for the elementary schocl pericd.
Under the present orpanization, elsmentary methods and subjects are
kept in use toc long.
¢ Tec give a very clear idea abcut the Junior High Schocl, we

are geing to list the purposes, under no special subject but as a

complete unit.
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which we make that we are training pupils "to think

.ntiy* will be &iffiault, it not impoaaihlﬂ to prove.

t thil. Most of it provides 1littls or no appartunity for
_ ,in problem sclving. Our coursss of study emphasize
e “1#, ormation gpd rote memory, and these coursess are almost
- exactly determined by the textbock.

. X Lastly, the standardized tests given to mcrs than 100 hi
schoole show clearly that neither in securing formal skill
nor in develoving powers of analytical thinking : ia our
instruction satisfactory.

, After reading that 1ist of bittar and beld oriticiems fbold, in
:'*&n; it revolutionizes the whole idea of high school mathematics) we
. ¥

‘;yﬁuld ssem to ask, "Well! how would you teach mathématics?" The
4
answer 1s according- to.the purposes cutlined below which have the

Junior high aims ﬂleaily-in mind, and also whic@fha?e the 1life of the
child nearer the heart. ' |

I Ws should give each child such a knowlsdgs of the subject as
will enable him to understand the éxactness and the force with

which mathematics works and the part it plays in solving the
i problems of nature.

II We should endeaver to give to each child such a krnewledge of

" mathematics as will enable him toc understand the exactness and
o force of the subject which makes it possible for a man t¢ turn
AL the elements of nature to his own uae.

IIT We should, im so far as 1s ccnsistent with the more distinct

aims of mathematical education davelcp such fundamdntal con-

> ¢apts as will enable the child to express his thoughts more
claai}y and to understand the written and spoken language mors
readily.

IV We should as nearly as possible, give sach child, such a
knowledge of mathematics as will enable him to carry on the
work of his future cccupation as it is now conducted.

¥V We should give to each child such a knowledge of mathematics
as will serve as a basis for futurs preparation if progress
in his work should demand 1it.

We should, as nearly as possible, give to @ach child such a
W knowledge of mathematics as will enable him to find new and
i~y better ways of decing his work.

. VII We should pive him such a knowledgs of the subject as will
o enable him to recoenize a mathematical situation when it
arisess, and if he cannot solve it, h2 can take it toc an expert.

|
4
§
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?Ili Ia ai:au—.ld raquiu a! sach pupil sufficlent mathematics to
determine whether hs will profit by further study of the
subject and to selsct those who will probably be leaders in
mathematical thought.’

IX To those who show marked ability, we shculd give snough
mathematlies to keep the door of specialization in mathematice
« , and in fields of work dependent on mathematics, open.
Here we have the aime of the mathematios of the secondary schools

laid ‘befors us, but in order to be more concrete, we will give a very

‘brief outline of the mathematical course of a etandard high school.

The traditional cour=s is a succession of partial cocurses or
branches taken through the high schecol pericd; that is, we have an
ﬂlfarnation of topics in rather large units- of years and half years -
cne year of algebra, cns Vyear of ggnmetry, and uﬂ; half or cne y=sar of
advancad algebra with the more adv;ncad students following. up geometry
anﬂ:ablid gecmetry. Here there 1s a question ofia unifying or cobrdine-
ating prinolple - What is it in the traditional course?l

' The principle of gaometry seems to be logical sequence, for the
most:phrt and a fair degrese of completensss as the final pcal; while
the grinciple of unification in algebra seems to have bee the histori-
cal érdar of the develcpmsnt of the cperatioms of arithmetic with
generalized numbers.

Many who have not studisd the subject from svery angle and have
not precbed to its very depth will ask, "What 1s to be gained in chang-
ing from a time honored course?" Several advantages seem to b2 gained
by such a preocedure: :

I It is possible sc tc arrange a course in a ssquance that the

most useful (Mathematically and practically) can be presented
in cumulative order - while acknowladged difficult parts can

be postponed to a later stage, whan they wWill be mcre easily
approachad.

II BY bringing algebraic and pgeometric metheds into close rela-
tion from the start, a lconger periocd of training in correlating
these methods 1s gained.



 III For students who will not go far in mathematics either on
account of taste or ability, a combined course seems to offer
more that is useful (or Usable) and within grasp of weaksr
vatudents (mathematically) than is possible undsr the old

Plu- ‘

: IV Those who may desire to take mors advanced courses will ']
* .,  approach them with bstter perspective of their content and 4
|

purposa. As a consequence, they will make more rapid pro-
grees in the more speciallzed branches, such as foamﬂl
‘ algebra and demonstrative geometry.

+ ¥V Baving of time has been offered as a distinot advantage.
Teachers who have tried it claim that both plane and sclid
gsnmetry can be satisfactorily completed in a single year

ollowing a good cours2 in combined mathematiocs.

Y I

™

4 It might be well to ocutlins an example of procedure for definite=-
‘ness. For example, ons- book starts out with the simple equation as

‘-ﬂ'
the instrumsnt in solving concrete problems withifi the understanding of

o=l =

the pupils. Incidently, but with definite purposs, through the first
' uhﬁp;&i, some of the terms and fundamental praaaé;ea relating to
equations are used and explained; such as:
‘1. Egqual numbers may be added to both sides of an egquaticn, or

2. If both numbers of an equation be multiplisd by the same or
, @qual numbers, the results will be equal.

In the next chapter, scme definite fundamantai gacmetric facts
and piinﬂiplaa are introduced. Then the equation is applied to a new
g8t of probleme involving the geometric knowledes just gained.

In the following chapters, Bémﬂ further algebraic and gecmetric

...principlea are developed and applied to problems of a more advancad

- type. ID general, the year's work is developed systematically and with
': - as much logical soundness as pupils are capable of appreciating.

Q:_ . There is thus accumulated a stock of intuitional and experimental geom-
I‘:quigwnﬂrralutad with a working knowledge of the fundamentals of
_-?Hﬁgnhma;tn use of simple forms. Such a foundation will, with 1little
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! five distinct advantages as described above have distinct
r,lﬁ factors involved in paining satisfacticn in the change from the old

+ U _-":;mum_a. First, we consider the students; their nesds, interests
o

and capacities. Subject matter must functicn throuphcut the process
-

of léarning and the present mathematics dces not seem to function

.,

aven in the hands of skilled teachers. Not only that but we must ccn=-
qider the mental characteristics of adclescent. students. Adclescence
.iE not a pericd of formal drill, the Sld time method of mathsmatics;
an &dolaac&nt studen can grasp mathematical concepts but the cconcerts '
must be brought in to the range of his experience. ]

The seccnd factor inveolved is one including social needs which |
the high schocl must me2t. The hish school is t;;ainn- rapidly recorgan-
ized to adapt itself tc chaneing sccial needs, :_qf.n:l in so doine is be-
-.G::iﬁ.'_:l_lg an institution for all the people. It must discover brecad

: zcnes for special talents of individuals and the ocurricula shculd be
o differentiated to parallel broad zones of adult activity. %

A "The chief division of which the high schocl has many members have
F ;' adu;htinnal foundations in (1) Homemaking and housekeeping, (3)

s Agrioulture (3) Mechanical and engineering pursuits (4) Commerce (5)
4 Professicns thru a college preparatory curriculum. Each cne cof these
special divisicns must have the apprepriate mathematics.

Another important question under the social needs which a high i
schocl must meet is the moral purpoee. Mathematics, as such, does,
at present contritate little to moral training, contrary to what some
enthusiastic mathematiciane claim. Essential morality is a guestion J
N oy af pei&_tiuns of individuals in sccliety, and that all w'a mean by moral
i‘t‘_'{‘llﬂiﬂjﬁltim is the adjustment of tiie pupils to the standards of 1life in 1

| .
lf;ﬁﬂ#ilt? ganctionsd by the highest social 1deals of hie time. It is

, & matter of book learning but rather arises from an interaction




IB posslble. Tha.only traing we can claim for mathematics 1is exact

-thinking. ¢

Tﬂa third and last advantage in the chanpe from the old standards
is the oritical evaluation of material available in mathsmatics. Given
‘1P°d? of purils in the adoclescent paricd, whosa2 develcpment procedds
&néﬁgding to natural law, the secondary schocl has its functicn first
tu_diract their several individual.native abilities into the proper
hé%ad zcnes of adult activity and then to equip them with an crpanized
system of ideas which ;111 enable them tﬂ'intérpgﬁt the new and strange
situaticns in which they will be placed. The question there arises,
what has mnﬁhamamics tc offer which is asaantial*;nd valuable in this
préﬂaga? .

.The most important use of mathematics is as a tool in scientific
thiﬁking and to provide opportunitiea to use the tocl of mathematics,
diffarantlated courses are needed;

Ths firlt which really requires the minimum cf mathematics, is

the -Domestlc Arts ccourse where the studsnt needs only arithmetic and

mechanical drawing. The second, the Agricultural course needs three

phases of mathematics, Geometry, Triponcmetry, and Algebra; oput the

geometry is to be taupht constructively, the trigcnometry is to

include no theory but only a practical use of logarithms; and the

algebra is tc teach a mastery of the equation and subordinats processes.
The third curriculum, the commercial, presents special problems

and opportunities in securing sducative cnntsﬁt. Here ws beccme in-

volved in raticnal interpretation of statistice, in reccrds of com-

plicated tramsactions, an understanding of backing, currency and

e . T Tomme




1 the.prineiplua of statistics, and of the higher arithmetic and algebra

qf huainuaa prna;sasa, which, of cocurse, take in insurance, returns «
n; investments, annuities and bonds.

_Tha fourth, the mechanic arts, offers the broadest gcope for
mnthpmitical teaching. The curriaulum ordinarily embraces wcoodwork-
ing of a scmewhat advanced type; fnrgin, pattern-making; molding and
caating, general machine shop practice with engine lathe, drill
;fass, bed planer and milling machines. To this must he added, mech-
ical drawing of a mors advanced type than that ;ﬂund elsevheras. The
underlying mathematics which will /interpret the aubjaat mattsr of this
curriculum and which also answers for cnllege ﬁﬁrk ie (1) Gecmetry,
piap?, sclid, and descriptive. (2) Elements of plane trigonometry and
(Ej.Elaments of analytic gecmetry and calculus.

. 89 mach for ‘the gains and the factors invelved in galine in a
chdhga from the old standards. As has besn pointed out, we want to
taabh the child what he himeelf will need in his work in life. So
1t,guema to be a practical and altogether desirable thing to ocutline
a 6auruu of mathematics for the three years at least in which mathe-
matice i& required.

Y We would begin in the first half of the seventh grade with a
study of arithmefic, reviewing briefly all the essential toples of
previous grades for accuracy and against future needs. This subject

relates to th: immediate mathematical interssts of the pupils; it

donnects directly with the mathematics that has preceded and it will

énable the pupil to maintalin or inocrease his efficiency in the com-
putation which he ‘has acquired. The work in arithmetic should be
organized about certaln large topices of practical value which chal-

lenge the interests and needs of the pupils. Such topics as percent-
" (i
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age, and its various operations, profit ani lecss, comnission, dis-

' count, and ‘taxes open a wide field for problems that link up with

1ife.

The second half of the seventh grade shculd be devotsd to con-
;trhetiva and intuitional gecmetry. The subject ls more concreste
thgn algebrﬁ and it admits of mors simple illustrationy it relates

to the arithmetic immediately preceding; it ohallenges the interest;

l|NI L]
‘of. the pupll and it can be made very practical. Problems correlat-

iné with this work everyday activitiss such as plastering, carpeting,

ﬁpaingting,‘pnving as well as with the work of the department of arts

and the shop are constantly presented for sclutdon. The mere formal
sclution 1s not accepted in the perfermance of any of ths above

probleme unless accompanied by scme axpreasian{of the meda of

, Procedure arplicable to each case.

:' Many whc have not gone very de=ply into this subjeot would say,
“Tgﬁah-geumatry to seventh grade pupils! How absurd! " But not if
ong gees into the teaching of it as a practical tecol. Take it first
nn:'ﬂanmstry of Form: What shape is it?" Hers we find angles, tri-
aq%;aa, quadrilaterals and common polyeons. With common drawing
instruments, such as compasses, ruler protractor and right triangle,
we can construck various kinds of triangles, and discover the angle
sum of any triengle; we can construck perpendiculars and bisectors;
w8 can construct an angle equal to a given angle and a triangeld with
variocus parts given; we can construct parallels and develop princi-
ples relating to the angles formed by transcutting two parsllels. We
¢can draw to scale.and apply the problems of the builder, the farmer,
the enginesr, the designer, and the geographer.

Next we take the subjeot as the "Geometry of Size; How long is it .*




and measursments of heishts, distances, and areas. Make the pupils
estimate the dimensions of the school room, the school ground and then
nhagk the estimate by 'measurement. By the use of congruent triangles,
we mea;ura such heights as trees, bulldings, flagrocles and wldthe of
rivers, The pupil is dslighted to find that he has sufficient mathe-
mayical Ehowladge tc determine inacceseible heights and distances. Hs
has the knowlsdge and should feesl the power.

ﬁere we may intreduce the study of area by the use of squared

pap@r and develop formulae for areas of common figures which apply to

~ mumerous practical situatione such as thoss which Mmocst commonly con-

front the farm2r, housewife, enpinea}, business man, and artisan.

The third topliec, "Geometry of Position, Hharﬁfia it?" may be very
nichiyhintrnduced by problems such as locating the the proper position
for gecend base on a basball diamond after the other bases have been
lnuatad._ This especlally will be facinating because there are more

arnumants on this point in a "serub" pame than any other in any organ-

iged plar. You can alsc challenge the interest of tha pupil by intro
ducing problems dealing with attempts to locate buried treasurs. Thus
you will develop four important principles; (1) a practical method for
determining points equidistant from two ziven points. (2) distance of
a point from a lines. (3) points which are equidistant from two lines
and (4) the pointe at a gpiven distance from a piven point.

Experience se2ms to indicate that the arithmetic and constructive
and intuitiocnal geometry of the saventh grade should be continued on
thraﬁgh the eighth year. We should develop the geometric sense by
intreducing mensuration of figures, including surfacs and volume. We
should derive formulas for and aprly tc problems arising from the (a)

Trapezoid (b) Circle (¢) Equilateral triangle (@) cylinder (e) prism

el f -
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(£) cone (g) pyramid (n) sphere.

This, of course, should not be burdesned with technical phrase-
ology but should be utilitarian in the larpgest sense. In deriving
4he formulas for the above, we are teaching the alpebra of formulas
and equations, the knowledgs of which is needed in roadine many bocks
uﬁﬂ'agticl&s; the graph is used in many lines of buain;;B, the
eqﬁhtiun is h2lpful in manipulating rcrmulaa-and the knowledge of
negative numbers is necessary to the egquipment of every reader of
current literature as well as of scientific bocks.

But, during this time we must continus the study of arithmetic,
Ffundamental operations with :I.ntag:ars, common fi;:acticns and decimals

should b2 reviewed for speed and accuracy. Thén we take up for de=-

',;nflad study those practical topies of arithmstic for which the

pupil's maturity has prepar2d him; among these topics should be a
n%mplata study of percentage and interest, taking ur successive dis-
count, the arithmetic of trade, transportation, industry, building,
hagking, home life, farming, problems includine. . investments, loans,
mn%tgagﬂa, stocks and bonds, insurance, taxes, internal revenue, and
tariff. As one will notice this year is a contimnation, after a
raview, of the seventh gradz and merely takes the intuitional and
practical side of tha three subjects in a unified manner.

It is not impropable that the ninth schcol year will be the last
year of required nathematies. It is very desirable, therefcre, that
the pupil have some knowledge of formal mathematics. The time, then,
4in the ninth grade is devoted to a study of demonstrative aleretra and
.gdnmﬂtrr. By emitting the non-essentials, it has been proved that
puplls can complete algebra through quadratics during the first half

of the year. This means the pupils are intreduced to factorirng,
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fractions, fractional equations, graphs, simultansous equations,
square rocts, and quadratics. In scme of the schocls whers the plan
has besn tried, the trigonometry of similar triangles was Iintroduced.
Thers should be, howsver, a gradual introduction to demonstra=

ti;; gecmetry. Independent deductions shculd preceds formal proofs
and a large mumber of practical exercises should follow each prepo-
sition sfudied. Extreme formality of trzatment should be avoidsd and
arig%pality. clearness, and conciseness should be emphasized. The
way tL de this, in my opinion, is to follew the methoed ussd in the
Giél‘s High 8chool, Boston, for first year demonstrative geometry-
use no textbook . The teacher dictatss tha thenrfﬁ or perhaps, only
the.hypothesis, and the class draws the figure and puts down in their
notebooks the hypothesis and what is to be provadf The proff 1s laft
tﬂrthﬂp. This methed leaves the pupil tc her own ingenuity and oripg-
inality of proof and any preof is acceptable, providing it 1s ripght,
although sometimes the proofs are long and complicated. It eeems to me,
hawavér, an excellent way to aveoid rote learning and gives copportunity
for fine work. :

thith the work thus lald down by the seventh, eighth, and ninth
grades, which are commonly callsd the junior high schoel grades, the
question arises as to how we ars to articulate the work of mathe-
matica of the junior and senior high schools. We may pet continuity
in the work of the secondary schools in three way:

I By the continulty of the plan; which 1s secursd by having

one man, or group of me in confaerence, presoribe the work in any given
locality for both the junior and senior high schools.

IT By continuity of the supervision; which is secur=zd bv having

as supervisérs those who have had experience as classrocm teachers
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in both elementary and high aéhonl.

IIT By cdﬁtinuity of the instruction, which is secured by com=-
pulsory frequent exchangee of visite, and sc of ideas, by class-
room teachers in the two schools.

3 ‘ The method which seems to be the bsst for sscuring continuity
of instructicn is by means of the function. A rather recent Eurcpean
book,,K Scheffer's "Lehrbuck der Mathematick" (Leipsie, 1811) on
mﬁthgmatics for non-technical students is divided into chapters with
hsadinp l1ike thie; I, Linear Function, II. Quadratic Functions, III.
Afﬁubraio Function, IV. Logarithmic Functicns, V. Exponential
Fun:tiﬂﬁa, VI. Trigannﬁetyic Functicns. In sach chapter, the author
carries the readsr from the very elemsnts of thafpubjact up thrcugh
the graphical representations, the analytic gaomﬁtry and calculus.

_This idea, then, 1s the one which 1s sufficlent in scope to
uni?y-a wheole ccurse. The concept of a variable and ths dependsnce
of this variable upon another is of great importance to everycne. Of
ccur@a, it 1s true that the abstract form of theses concepts can bscome
Bignificant to the pupil only after long a;ps:ienée and training in
mathématics; but, we can present specific ccncrete examples and illuss
trafiens of dependence even in the early parts of the course. That is,
we are not to teach even the element of the theory of functione and
the work "function" itself should be used sparinely, if at all, and no
formal definition of the word should be insisted upon. !

"What 1s desired i1s the growth in the mind of the pupll of the

. ldea of relationship between quantities, of the dependence of ¢nse

guantity upon another, of the corrgspcndence’ that exlasts batween re-
lated quantities either of an arithmetical or pecmetric character.
It is desired further that the pupil form ﬁhe habit of szseking to

understand such relations when they present themselves and of thingke

T Ry e
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ing.clearly in terms of them. "Such is the reguirement of the
functional training mads byt "The National Committee on wvathematical
Requirements."

5 The first relationship which we meet are those which occur in
algeﬁra. The very firet illustraticns given are the uses of letters
in the place of numbers, which offer valuable material fer the die-
cusainn'nf quantitative relations. Thus, such-relations as
l;:;ﬁ bh (area of a triangle) I - rpt (simple interest) and A -

T rl are statements of general relaticnships, ths nature of which

'iﬁﬂuld be understood. .These should be used to accustom the student
not only to the use nf latter in the place cof nufbers and to the
soclution of simple numerical problems, but, alaé; to the idea, for
example that changes in "r" affect the value nf?i. o0 & gl BT
d&ﬁb;ad, what will happen to A? If "r" is doubled, what will happsn
to,I?" Aprreciation of the meaning of such relaticnships will tend
to nla;ify the entire subject under consideration.

' The second topic in the algebra fi2l1d which relies en the
Iunéiiun is the equation. Every simple problem ieaiing t0c an squa~-
tien in the first part of an algebra would be better undarate?d for
Just such a discussion as that menticned above.

The third topic which will relate more closely to the first
is the function in formulas of pure science and of practical affairs.

In such formulas as those for falling bodies, levers, etc., the

P manner in which changes in one quantity cause chang2s in another,
3 are of prime importance and then discussion need cause nngdiffiault?
niatavﬂr. Take for a speoific example, the formula F- “33r. When

such a formula is used, the teacher should pet intelligent answers

to any guesticn of this sort: "If theweight is twice as he2arvy, what

‘,___“_..__._-;_aulllllli

i
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1s the effect upon the force? If the speed is twice as gresat what
is the effeot upon the force?

Another type of relationehip 1s found in the formulas of pure
algebra. For instance, the square of the sum of two numbers, LX) h)a
till.Le better understoed and aprreciated if accompanied by a dis-
cussicn of the manner in which changes in "H" cause uhanEﬁs in the
total r;sulta This can be accomplished safely by attaching such a dis=

cussicn to such concrete realiies as the error made in computing the

|
|
|

arsa of a square fisld or of a square room when an error has been made

in meaguring the side of the rcam.

———— —

In connsction with the formula fér a prn&ﬁct, we may introduce
ths functional idea in tables. For example, a tdble of squares is

conetructed from a functional relation, y = IE‘E%Tha differences in such

a table are the differences caussd by changes in the value of thes in-

dupéndent variable. An appreciaticn of the facts in such tables is

desirable and all necessary for their proper use.

. The sixth and last type of functional rélation is that which

-

exiete in graphical representations. This is so obvious that no detailed

-

explanation sesms to Ee necessary. However, i1t i1s desirable to point
out the functicnal relations may be studied directly by means of graphs
without the interventiocn of any algebraic formmle,

Thus far the instances taken up have been largely algebraie,

though certain mensuraticn formulas of pecmetry have been menticnad.

|
|
|
|
|

Theare are five distinct relationships in gaemetry which illustrate the

i

funoticnal concept.

The first is the relationship in the congruence of triangles.

In any such thecrems, the parts necessary toestablish congruence evident-
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1y datermine completely the size of each cther part. Thus, two sides
and the included angle of a triangls evidently determine the length

of the third side. If the etudent clearly grasps this fact, the mean-
1ng_nf this case of congruence will be more vivid to him and he will
be able to use his understanding of the situation in practical cases.

., In theorems rsgarding unequalitiss, the functional Gharacter
is vuryhﬁrnnaunﬂad. If two sldes remain the same, as the angle betwesn
th;migrnna, the side opposite it bscomes larger. A full realizaticn of
the f;ct would envolve a real grasp of the functicnal connection between
th; angls and the side oprosite it.

The third class éflthaorama in which the fuﬁctional ccncept plays
a large part is the circle. We imagine variations of the figurs
through all the intermediate stapes from oee caaéﬁta ancother. The angle
beﬁihqg two linea that cut a cirele is measurad by a proper combination
of the two arcs cut out of the circle by the two lines. Such observa-
tions. are essentially functional in character, for they coneist in
uarefél ovservatiocne of the relationshipe between, the angle to be
maaéu%sd and ih& arcs that measure it.

T:That discussion leads tc the fourth class, actual motion. As
figares move, either in whole or in part, the relationships cetwsen the
quantities may change. To note these changes 1s to study the functione
al relationships between the parts of the figures. Without the
fuﬁatinnal idea, gaomstgy would be whelly statio.

The fifth and last class of theorems, perhaps is the most cbvicus
one -~ the theorems of propertion. Evem the simplest theorems on

rnaianglaa; agsert that the area of a rectangle is directly preopcrtional

to its helpght if the base is fixed.
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o the funoticn in trigonometry, Which is nothing more nor lses than

il

the ratloc of the sides of a right triangls. %Thus the side of an angle
is a definite ratio, whose value depends upon and is determined by the
gize of the angle to which it refers.

: In reading over this rather long discussion on the importance of
the function idea in the mathematics of the secondary éahocla. some
pigut';ay that we have not followed ocur cresd of prantieal knowlsdge
éndausefulnaaa in future activitise. But, the problem of insurance
takss into consideration the relation of time, Interest and chance;

Eha great questione q# tariff, rates .of pvstage and express, freight
rates, regulation of insurance rates; incoms taéea and many other publie
guestions invcolve relaticnships b;tween quantif;an that require hablts
ﬁd functicnal thinking for intslligent deaiaiﬂﬁaf The training in
#unh.habitn of thinking is therefore a vital element toward the creatim
of* Food citizenship,

: go far, fhia paper has dealt only with the topics and courses that
we phould teach. There are many topics which have Dbeen recommended fgr
omission in a course which would follow the ideal unified method. Many
of -shese, of courses, could be taken up later when the pupil has laft
the requirsd mathematics c¢lass for the specialized or elesctive couress.
| Those to be omitted are:- '

1. Parentheses more complicated than one within the other.
(2.) Multiplicaticn and division of polynomials having literal exponents
N . or fractional coefficients. (3) Special rules for square of polynomials
'{§ plﬁs ¥y plus z?.‘ (4) Factoring leading tc irrational or imaminary
fistnr:. (5) Transformaticn of proporticns by alternation, ete. (8)

'In'iinultananua equations, method of elimination by comparisons and the

. Lrﬁhg:;piution”bf examplss with more than three unknowns. (7) Radicals
e \J |
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luigarﬁgr'highar than 3rd. Baticnalization of bincmial dencminations.

Radical squations. (8) Theory of exponante excapt sufficient work with
monomials to make clear the meaning of fractional and negative expon-
ents. (2) In quadratic equations, the "Hindu" method of campleting the
-quara: (10) Imaginary numbers except for a brief mention when encoun-
tersd 4n the quadratic formula. (11) Equations in quedratic form.
Bimqltaheéua quadratice excapt when cne equation is linear and the
axaﬁpl? can be easily sclved by substitdtion. (12) Theory of guadratics

. Now that we have designated what topics cught to be eléminated
and-having carefully and in detail coverad the work which is to bs
taken or omitted in the }irit three years nf thes Béaandary schosls, that
which we will name as "required mamhémnxics' the-qqeatinn now arises as
to What- the student who wishes to go on farther 1E€that field should
have épan to him the last threes years of high school.

:Fizat, having the elementary notions of demcnstrative geometry,

a ocentinuaticn of this course should be presented. If the student has
had & peal, valuable course in intuitional geometry, this will simply
be a r;viﬂn plus a great number of coriginals and exercises basad direct-
ly on-she theorems, as 1s done in Girl's High School,

An advanced course in algebra should alsc b2 open to them.
"Advanced" in that it is a cocurse in formal algebra, a continuation of
the ninth year. Here we should include I, Illustrations and problems
invelving linear, quadratic and other simple functions of one variables;
II, Various methods for sclving a quadratic equation in on2 unknown. In
this anneatinn, we should include a very brief discusesicn of complex
nunb;rﬂ, ITI. The algebraic sclution of linear sgquation in twc or three
unknownes and the graphic sclution of linear equations in twc unknowns.

IV. A study of expcnents, radicals and logarithms, giving the definji-
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tions of negative, zerc and fracticnal exponents and making olear that
these definitions must be adopted if we wish such expcnents tc con=-

form with the laws for positive integral exponents. Reduction of radical
expressions to those involving fracticnal exponents should be givan-ﬁn
well as the invarse transformation. The rulees for performing the
fundamental cperations on expressions invelving radicals. . In close con-
nactiég with the work on radicals and exponents there should be given

as much of the theory of logarithms as is involved in their application
to coéputation and sufficient practice in their use in computaticn to
assure a falr degree of ;faﬂility. V. Arithqatical and geometric pro=-
grasslons should ba studlsd te the extent of find{pn the formula for the
nth term and the sum of n terms and the applicaﬁiéﬁ t¢ significant prob-
lens. _?I. Binomial theprem with a proof for pcsi@éva integral exponents;
1% ﬁay be stated that the formula applies tc the case of negative and
fractiaﬁal expon2nts under sultable restricticns, and the problems may
innlé@g the uss of the formula in these cases as well as in the case of
pﬂsittfs integral expconents.

:';Anuthsr courss which would rightly coms 1nt§ the higher mathe-
matics' of the high school is sclid peometry. The aim of the work should
be to Qxarciae further the spatial imagination of the student and to
give him both a knowledge of the fundamental spatial relatiocnships and
the power to work with them. The minimum of such a course should cer-
tainly include propositions dealing with perpénmdiculars to planes,
dehedial angles and the simpler theorems on areas and volumes. It
should be possible to complste such a minimum course in a third of a
year. Scme Eurcpean schools have found it desirable to replace scms of
the work now usually given in solid geometry Ly certain important tcpics

of descriptive gecmetry.
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1 The work in elementary trigonometry begun in earlier years should
o be completed by including the logarithms sclution of right and oblique
- triangles, radian measurs, graphs of trigoncmetric functicns, the deriva-
r P ticn of the fundamental relaticns between the funeticns and their use
in ;!G?iding indentities and in sclving easy trigponometric equaticns.
Beyond trigonometry in high schocl, there are very few whc baliave
An ta;ching more but up to this tims, mathematics has bsen required
:tﬁfaugh the fcur years of high scheool training and now, we hope to have
only those who are especlally fond of mathematics or who really need it
ﬁfﬂr use in higher educaticn take the fcur year mathematic courss. Hence,
we have a relativly ;1uksd group. Why would 1§ not be possible, then,
to introduce the elements of cnliagﬂ work? - E
: For instance, why not include in a aourde the meaning and use of
.fundamantal concepts of elementary statistics with simple frequency
.&iatributiana with 'variocus graphic represantations and measures of cen-
tral tendsncy. In this grcup of electives we could alsc intrcduce a
¢qu'aa' in elementary calculus. The work Ehuulnl_ be ia.rpal;r graphic and
clznely related to that in physice: the necessary technique should be
reéduced tc a minimum by basing it wholly or mairly on algebraic poly=-
nemials. The work should include (a) the general notion of a deriva-
tive . (b) Applications of derivatives to easy problems in rates and
| in maxima and minima. (e¢) Simple cases of inverse problems. (d)
Approximate methodes of summation leading up to intersraticn as a power-
h | x ful method of summation. (e) Applicaticns to simple cases of motion,
area, volume and pressurs.
B Throughout all these elective courses, historical and biosraphi-

cal material should be used to make the work more interesting and

significant. Such additional elsctives as mathematics of investment,

ol |
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‘shop mathematiss, surveying and navigation, desoriptive or projective

geometry will sppropriately be offered by schoels which have special
needs of conditicns. So, with these additicns, it is rossible to get
'/ in high school a knowledge of the elements of the subjescte which are
o usually taught in collsge. .

.As a summary we wishf tc call to mind the fact that mathematics
has raali} threes aims: First, the practical aims which apply tc the
1mﬁad§ate or direct usefulness in lifa of a fact method or process
in :ma,;.hama.tica. The second, is the disciplinary dim, with proper
;agiriationa-aucn training involves the development of certain more
or less goneral chaxact;riatina and the !ofmatinni%t certain mental
habits mhinh. besides being diractlf.applicablariq the setting in which
they are developed cor fermed, are expeoted to ﬂp&é&ta also in more or
laals'c;casly related field. Third, is the eultural aim by which we
mean.the development or acquisition of the appreciation of beauty in
the geometriocal forms of nature, art and industry, in the ideals of
pa_rraétiun, as to logical structure, and the appreciation of the power
of mathsmatics.

-4srhe course, which is still stronbk in traditicnal high schocls is

| obvicusly inadequate for the nesds and abilities of students. By a
change from the old standard we gain many advantages which are not only
helpful to these going on farther but also to those who are tc leave
gchcol early cor whe enter business. The change tc be made involves the

gquestion of differentiated cocurees s0 that the mathematics ofa domestic

arts course will b2 as adequate and useful to a pupil there as the
-n&tianatias given to students in an academic or college tralnins coarse.

But, before we branch out to the differentiated courses, we have




I,i el

ke Tva keal hvatsLoinl Emenstry) o fne. MING

- last year of required mathematics, that is, the ninth year, we go.on'
to the higher branches, bound throughout the whole ccurse by the

function concept which begins with first substitution of letters for
mumbers and continues on through calculus and statistics. So, we have
the entire course developed, giving the pupil who doss net wishito o
on farther in mathematiocs, the alamaqta of alegebra and gecmetry and
giving ths puril who wishes to go on, an oppertunity to take the higher
h?lnah&s of mathematies.

In closing, we will quote a itatémﬂﬁf made by the Natiocnal
Gommittea on Mathematical Hequirsmanta which aa;mn the idea we
ahnuld always have in mind in teaching muthamnmiya- "The primary
purpcses of the teaching of mathematics shculd bg tc develop those
pbigfh of understanding and of analyzing relations of quantity and space
nhfuh are necessary tc an insipht intec and ecntrel over our envirconment
ﬁnd:td“an appreciation of the progress of civilization in its wvariocus
anﬁ!pta, and to develcp those habits of thought and of acticn which will
makea these powers effective in the 1life of the individual." Thie is

what a unified course in mathematics will aim to do.
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