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MATHEMATICS IN THE -TECHNICAL SECONDARY

/‘

3 SCHOOLS IN THE UNITED STATE’S.

: ' ' ;e
i o PART 1. .

1 / - : INTRODUCTORY. .

The secondary technical schools of the United States, because of
their llctcr()"enelt\, present peculiar difficulties to an investigation
ulong the lines Inid down by the International Eommission. While
such schools have existed for many years, it i~ particularly within
the last decade that a great increase in their numbers has taken place,
for it is within that period that the tendency to break away from .
the traditions of the general secondary schools and to bring the
schools into close contact with industr‘i;ll?‘,ud comniercial life, rather
than to raise to a maximurh their efficierfey in furnishing preparation
for higher education, has become n niovement of sufficient strength
to alter essentially the character of existing schools und to determine -
that of'tlmM(ﬂ\\]v established,

The “ manual training high school ™ is the oldest of the important

- types of pubhc secondary techmcnl schools in the country. .\sa type,
moreover, it is the most conservative of the schools to be ‘considered in

' this report, in that to a large extent the traditions of the general sec- .,
ondarg- school have been retained and the function of the school as
an instrument of preparation for higher education emphasized. The*
ideals of this type of school are essentially scientific rather tlmn clas
* sica or technical. ~ . .

‘At the other extreme stmxls the * trades school,” “a type which is:

« - in its infancy as a public Institution” but examples of which have
existed for many years as pnvn}o or endowed institutions. Tlere the
aim is primurily that of training for immediate entrance into a defi-
nite trade or trades and for cfficiency in the work thereof. The school .
is not, or is not primarily at least, wn mtormedmto step in the stu-
dent’s progress toward higher education. '

These types represent the extrémes. It must, however, be remem-
bered that the lines of demarcation are by no means sharply drawn
and that rigid (‘]ﬂSSlﬁ(‘l‘lllOn ix, at the present time at least, scarcely
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6 MATHEMATICS IN TECHNICAL SECONDARY SCHOOLS,

The schools just mentioned are in the provinee of subcommittee 1.
The schools considered by subcommittee 2 fall into three classes—
high schools of commerce, commercial departments of general sec-
ondary schools, jnd private commercial =clhools (the so-called * husi-

- ness colleges ”).  On thew ~chools, too, though to a less extent, the

influence of the traditions of the geeral secondary school is in evi-
dence at one end of the series, while at thé other end. the ideal of the
trades school, i. e training for immediate business activity, is
dominant. )

The secondary agricultural schools studied Ly subcommittee 3 ave
of recent origin. More thau schools of the other two elasses they we
supported in whole or in part by State rather than by municipal
appropriations, and consequently pre to u greater extent under Stato
snpervision,  Their object ix to provide sugh an cdueation for the
youth of the agricultural (mnmun}t) aswill tend to retain him in th 1t
community as an eflicient member theregf. In consequence, except in
sp far as they lead to the agricultural colleges, their tendency is
toward producing immedinte vocational efficieric v uthtL than to serve
as u step tow ard higher edueation. :

Tn view of this d@ersity it may well be :mkc(‘l what there is in

N . . " P . o L]
common amonyg these schoold that justifies their inclusion in the

sume -category. The obvious answer is that the schools in guestion
are the most recent resnlt of that movement \\huh has led to the-
establishment of the technical colleges and the bloa(lcmn" of the
curricula of the classienl éolleges and secondary schools, n.mw]}. the
movement toward bringing the instruction within the school into

’

closer contact with the phenomena and problems of life outside the-

school, and toward making thy knowledge gained in the school more
immediately usefill to the pmpil when he lesves, o

~ AIM OF THE MATHEMATICAL INSTRUCTION.

With the wide differences in general object which exist in the
technical secondary schools are naturally assoc *(l similar differ-
erices in the aim of the mathematical instruction Merein.

The schools show.in different degrees the common tendency to
emphasize the utilitarian sifle of the subfect Large, well-organized
schools which form an integral part of a municipal school system
or are controlled by university authorities, while recdgmizing the

utilitarian side and proyiding for it by suitable selection of problems~

and correlation with the work of the “technical ‘departments, also

. emphasize thg logical element of the subject and the 1mportance»nf

mathematics as an mdependent science.
There -are schools in which, if the character of 'the text used it .
any indication, the formsl element is predominant; and o the other .
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MATHEMATICS IN TECHNICAL SECONDARY SCHOOLS. 7
. ~ . .

hand, as in the trades schools and the prinate commercial schools, the
aim is mainly to produce accuracy and speed in the application of 2
limited range of mathematical principles o the problems of a definite
trade or occupition, B

v The situation may be ilustrated by the fnl]omng _quotations from
information furnished by various schools:

(1) The ends to be attained are the knowledge of a pody of geometrical truths
to lJc usedd in the discovery of new truths, the power to, draw correct inferences
from given premlises, the power to use algebraic processes as a means of finding
results la practleal problems, and the nwakening of interest In the science of
M thematies,

("f In mathenuitics two ends are constantly képt In view : First, stimulgtion
'uf\h'p inventive faculty, exercise of Jud;:nwnr development of logical reasoning.
and the habit, of concise statement { second. lthe n\Nh(LlllUll of the hridaghes ot
pure- nmtlwm.\m « with each other and with applied sci euw that the pupil niay
see clearly the true n-Lutmm of princlples aud things

(3% 1t 18 the alm * ¢ * to give that knowledge and truinlng to the
students that shall make them capable men, ready to meet successfullythe prac-
tical questions ¢f everyday life, and to solve intelligently the problems con-

';stuml_\"nrlsilm In office, factdry, and field ; hence, the practical side of mathe-

maties is emphasizeq rather than the purely theoretical.  Abstrict mathernatical
Qlscusdtons, ax such, are avolded- exgept us they are necessary to a h(\lter com-
prebension of results, and then they are mide as direct and clear as possible

\lr(*\\ i placed upon the application to mechanleal, ph\su.ll. aud electrical
pt (‘hlt‘\llh but it is Intended that the instruction shall be of sueh a character as
to give the student power and fucentive to perform ordimary mathematical
work with contidence, precision, and Sllu'('ﬁ%

“(4) In the conrses in muthematles the umlu purpose {s to train the btudents,
wot to prove prupositlous and formule, but to make intelligent use of these
propositions and forpulie in the solution of original problews.

¢ (H) They must know enough of mnlhomumw dr.n\lng. and sclenc‘o to insure
1ntelllgcnt. progréssive workmanship, as contrasted with rule of thumb methods.

~

(6) We alm to give them some iden of the subject of elementary mathe- ©

matices with specisl Yefercuce to its appiication anochulonr studios.

(7) The aim of the “courses 18 twofold : Firat, to tench the methods of com-
pdtqtldn necessury for the solution of comman problews arising in shop practice;
second, to present n condensed form tho essentialy of algebra, geometry, and
trigonemetry fot the benefit of those w vho have not hag a high-schiool trainoing,
. and to ‘show the applications of ﬂwuo suh}vu‘l to the more advaneed types of
shopk)roblems

»
(8) The pmctlnnl toﬂulls of the mggliod are usually the acquisition of certatf”
“rules of thamb " which are humedlt\toh uvaflable in the {rade wqrk of the

student. There is probably no very grent increase in mathematlical abittty”

(9) The course in mathematics is designed : ’

First, to develop 'in the pupii the puower of independent thought, to cultivate
the lnventive mculty, and to inculcate the habit of cleary concise, logical state-

meént, -To this end the course i8 so arranged that the graphle, concrete brwa___

of the subject pretede those that are abstract and analytic.. J
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8 MATHEMATICS IN TECHNICAL sngoxan SCHOOLS,

8econd, to teach the student. the importance of mathematics In relation to the
applied sclences, the mechanle arts, and to business life. For this purpose hé
is required to apply the formilas of.ulgebra and trigonvmetry to physles, me-
chamics, chemistry, and engineering:-and the short methods of arithmetie and
mensuration to the practical work of bookkeeping and architecture.

The course in mathematics as taught !n this school 18 both preparatory and
complete. Those boys who finlsh their studies here possess a good working
knowledge of the subject; and those who coutinue their studies in colleges or
in tﬁchnlcal schools posseds an ndequate preparation for bigher work.

(10) The alm of the Instructlon {8 to inculcate habits of accuracy, rapidity.
and neatness {n manlpulation of algebraic operations, and to inspire a
‘thorough knowled e fundamental principles and laws of the subject. To
ald in securing these results the puplls are required to solve a lurge nunber of
carefully selected problems

Deuring the first balf of the sophomore year algebra I8 again taken up. * A
thorough review of such portions of the elementary algebra as are deemed
necessary by the Instructor Is followed by a course {n advauced algebra. This

course covers topics usually studied in the fresbYuan year in the colleges and’

higher technical schools.

Five recitations a week during the second half of the sophomore year nnkthc
first half of the junior year are devoted to plane and solld geometry. The
tnstruction aims primarily to use the subject as an instrument of edueation.
Geometry contains s system of knowledge tbat s indispensable to success it
many of the pursults of life, but the presentation of this system of knowledge
can neverspe other than a secondary object in a course of proper instruction in
the subjgct. In resiity the pupil ordinarily comes to the subject with many of
its leading facts already in his possession. The reul objects kept constautly in
view in tenching the subjects are tralning in logleal refisoning, an object of
Increased importance, ns it is the only conrse in strict reasoning with which =a
large number of young people ever become closely acquuinted; training In clear
and accurate expression, an object not wisely neglected in any department of
instruction; training in imagination and Invention. To aid in these objects, ex-
tensive practice In original exercises is given, In which the pupil 18 required to
devise his own proof, under the guidance and suggestions of the instructor.

The last half of the junior year is given to plane and nnalytical trigonometry.
The textbouk is supplemented by frequent fgmiliar talks pointing out the best
methods of procedure and illustrating the a lications of the subject to surtey-
ing, nnvlgatjon, etc. Speclal stress is placed upon the use of fogarithms in com-
putations and also upon analytical work to insure famiiiarity on the part of the
pupll with the transformations and definitlons necessury to .success {n future
mathematical and englneerleg courses. :

The schools considered are secondary” schools, whatever their
specific name, and consequently the aim of their instruction, except in
the case of the private commercial 8(&]00!8 and trades schools,
is to &' greater or less degree influenced by the requirements for admis-
sion to higher institutions. In fact, this element is an important
consideration.ia.all of the activities of these schools, though of course
it is'not necessarily predominant. -

The mathematical curricula include arithmetic, Yommeércial arith-
metic, algebra, geometry, trigonometry, analytic geometry, the cal-

> oulus, hi of mathematics, and so-called “applied ” or “shop” -
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| ’ MATHEMATICS IN TECHNICAL SBECONDARY SCHOOLS. 9
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In schools where curricula are arranged with more or less reference
to the entrance requirements of the colleges, algebra, geometry, and
trigonometty receive aboutethe same amount of time as in general
secondary sshools, viz, one year each of elementary ulgebra and plane
geometry, and one-half year each of advanced algebra, solid geometry,
and trigonometry. A year's work ordinarily represents five exer-
cises per week for "33°to 40 weeks, 1. e, a total of 165 to 200 exercises.
The length of the exercises is from 40 to 50 minutes. . *

The data accessible render a precise statement of the division of

time between the two algebraic subjects und between the two geo- -

metric subjects inpracticable. The more ad vanced subjects are occn-
sionally omitted. and in this case the tendency appears to be toward
the retention of solid geometry and tugonometrv rather than ad-
vanced algebra. -

The schools to which the above statements-apply are ordmnrllv,
though not necessariiy. of the type known as “ manusl-training’
schools, as distinguished ffom tlle%)‘técﬁmcnl“ “ industrial.” or

“trades " schools. - -

These latter schools. s well as ~ome.ofthe manual-training school
prefer tq offer a course in arithmetic of from 50 to 200 exercises.

A few schools present courses in so-called “shop mathematics.”
the nature of which ¥ppears from the followmg outline taken from
the circular of a trades school : ®,

|
COUBSE I, LLEMENTARY.—SHOP ARITHMETIC. ,-I.
‘I'his course comprisex work with common and decimal fractlons, jmonsur&
ments, percentage, ratio and proportion, square and cube root; npply'iug these
prineiples to such shop probiems as gearing—simpie and compound ; how to
welect gears to cut screws and splrpln: computations on the lever, including the
Inthe indicator, lever safety valve, the Prony prake; pulleys and hoists; simple,
compound. angd differeut!al lndexing with the milling machine; proplems con-
nected with the speed Inthe and cugine lulhe;\compntlng the borpepower of
stea¥n engines, electric dynnmos‘ and notors. . /
COURSE, 11, ADVANCED.— ALGEBRA, GROMETRY, AND 'rml.ovom‘nv WITH M’rqmculoms
TO SHOPWORK. . .

< .

This course Is 0 to those who have complefed Course I or who “have had
a preparation equivalent to a good grammar-achool education. It treats of the
most 1foportant principles of algedra, especially of the equation-as n meanas

of solving problems and of the derivatlon and use of formulas. ; The practical )
slde of geomotry is next taken, empharizing the methods of ﬂndlng areas and

volumes, weights of ‘bars of various shapes and materihla, beatlng surface of
bollers, etc. 'The last half of thix course Is spent on trigonometry, including
the use of logarithms and logarithmic tables and empb._aslzlng;the‘ applications
of trigonometry to the more advanced types of shop problems.

The privafe commercial schools give no mathematics hut arithmetic
and commercial arithnretic; the commercial departments of several
seoondary schools give commemnal arithmetic and sometimes algebra
and geometry, while the J‘hgh schools o commerce” always give

guzs'-xg--—z
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10 | MatEEMATICS KN TECHNICAL SECONDARY SCHOXLS.

commerciul arithmetic and a course in algebra and offer geometry and
trigonometry as elective subjects. L

The agricultural schools genemﬁy give one-half to one year's
work in arithmetic, usually with reference to the problems of farm
life, e. g., farm accounts, mensuration, bookkeeping. etc. They ordi-
narily give the same amount of time to algebra and geometry as do
otMer secondary schools. Advanced algebra s oceasionully given,
trigonometry in about 25 per cent of the schools. frequently with
reference to its use in surveying. ’
- Anslytic geometiy and the calculus are seldom given except in

. schools which properly belong in the province of Committee 1X

in that their work, while not leading to a degree, nevertheless covers
the first two years of the work of the higher technical schools.
Except for these schools, the subjects mentioned are offered only in
courses preparatory to the colleges,-

The history of mathematics is specifieally mientioned by only one
school (and that a school for girls) and is given in connection with
the regular work in algelma and geometry. :

As to-the matter of correlition of the mathematical subjects nmong

* themselves or with other subjects, it would appear that it is IRCCSSArY

to distinguish Letween the actual state of affairs and the tendencies

- at work. Taking the schools as a whole, it may fuirly be said that

systematic correlation is not widespread. The principle of correla-
tion, however, is generally regurded with favor, but as a rule it is
not systematically applied, except where the relation of the subjects
(e. g, commercial arithmetic and bookkeeping) is so obvious that
the necessity is ‘apparent. In so far as the term “ correlation ™ indi-
cates use of problems aken from-+he applied sciences or from daily
life, there is fairly general application of the principle, but in the
sense of systematic coadaptation of mathematichl and other courses
it'is not generally applied. . '

The situation nay be illustrated by the following quotations:

(1) On'.the technplcal slde the pupll articulates the mpthematics with the
work of the drafting room, shop, domuestlc aclence, and dowmestic art. “Tenchers
of technical subjects are in constant touchgyrith the mathematics department,

anticipating problem:s which will arlse and reporting immediately to that
department any weakness shown by a pupit In problem ot principle.

(2) In this work a great'deal of titme will be spent in Mboratery study, so
that the pupil will obtaln such a first-hand knowledge of the subject that he

‘can afterwarde readily and eficlently apply, 1t In the shops and laboratories.

No sharp distinction will be drawn between algebra. geometry, etc., but the
different methods will be treated merely as various ways of getting ab the
same thing, of which one way may be the more useful 1n one case and another
method that best adapted to deal with another Bituation. At all times the
work 1o mathématics will be kept in clobe touch with the shopwork; the aim

will be to mo train th¢ pupil that he can use.his mathematics in the ghop .
. teadily and eficiently, = . : : -
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These statements are made by schools which strongly emphasize
the principle of correlation. Both are recently organized schools.

On the other hand. we have in answer to the question, “Are any
~ystematic attempts made to correlate mathematics with other sub-
juets 27 the following:

(3) Some, but more later.

(4) To past, 25 centx on the dotlar; will nim to do hetter in future.

In many eases the answer was a flat * No,™

The chairman of the committee is of the opinion, based on internal
contradictions in the evidence submitted by the schools, that no satis-
factory conclusion as to the nature and results of the spplication of
the principle of correlation ean'be obtuined except on the basis of a

study of a considerable number of schools, this study to be made by -

“a single individual or a small committee and on the spot.
) ' .

EXAMINATIONS.

There is no evidence to' indicate that examinations are to any
extent used ax the =ole means of determining the proficieney of the

pupil. They are used as auxiliavies for that purpose, but the re-"

“sults ave combined with those of daily work. They are ordinarily
written. may be from 40 minutes to 4 hours in length, and occur
from 30 to 2 times per qrear. The tendency is toward relatively
frequent examinations, not exceeding 2 hours in length,

METHODS OF TEACHING.

The movement which has fed to the establishment of the second-
ary teehnieal schools finds its principal expression in the emphasis
laid on the concrete. Consequently one should expect to find, and
does find, that increasing attention is paid to the concrete element of
the instruction, both in materml and method. Nothing, however,

could be further from the trath than an assertion that as a clasy.

those schools hage developed and are using methods of 1nstruction
widely different from those of general secondary schools. Certain
schools, it is true, have developéd such methods; the majority have
not. o '
The informuation devived from the questionnaires is not estensive
or detailed cnough to warrant detailed statements. The basis of
the abov¢ nssertions lies rather in the,direct and indireét evidence
contained in the catalogues of the schools. : '
As illustrations” of such evidence the following 'statements are
quoted : ; 3 . .
" (1) Paplls in mathematics are given ncqualntance with the language of

efieht, size, time, force, and the llke are frequently stated. They ure taught

@ inderstand 'these formuls, to slve problems. so statedy and:<to fiee the

e

Nl o s

R Y

MATHEMATICS IN TECHNICAL SECONDARY SCHOOLS. 11

mn,i, lainatical symbols, called formule, i® which problems and laws involving-
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12 ‘ MATHEMATIC8 IN TECHNICAL BECONDARY SCHOOLS, . -

.
mathematical symbols io the statement and solution of new problems.  Pupils
are taught also to stute and solve problems by graphical methods, i. ¢, by
scale drawing or by the graph, and immediately to solve thie snwme by the
algebralc methods of the equation or the proportion. The pupil becovies
familiar w;lt.h the standard geometrical forms, the laws of their structure,

" measurement, und, relation to other forms, aud :u-riul;os the power to stute

.

these: lnws algebraicaily, together with some ability _to: make a clear aud
logical p‘roof of the truth of geometrical theorems., Geometry and algebra are
carried along together for two years und a part of the third. In the first
year the geometrical lawas and concepts furnish much material for developitg
algebralc problems and processes. In the gecond year algebra is used to
develop geometrical theorems, and to fix them in mind through use. ‘Lhe
school offers a continuous four years’ course of elementary and sjdvanced
algebra, plane and solid geometry, and plane trigonometry.

In the classréom a scombinntion of Iaboratory. recitation. aud examination

methods I8 employed. The theory of a new subject, especidliy i the earlier

years, i usunlly developed by the fustroctor: and home work s assigned to
('Inrlf_\" and tmpresa it, and to enlarge its application. ‘I'he method of approach
to new subject matter is, in general, that of induction, the particular leading
{o the general. the concrete to the abstract.  Deductive work becomes uore
prominent in the late years. -

(2) Throughout the —(y_liro course this study (mathematics) will he pur.
sued a8 a menns to quantitative determination In the workshop, laboratory,
office, and countingroom. .Much of the educational valye Hes i the grasp
which I8 gives the students of quantitative relntions. .

Objective work will introduce new gubjects, so that there may be 4 vitionad
basis for intelligent use of symbols nu,}\u thorough conceptton of the power
of the equation. Formule should be deduced from relations actually seen.
fo that the pupll may discriminate between the abstract formula and s
concrete practicnl relatious to real thinga. :

"The boys of our school will have sever:] weeks of constructional geometry
work nt the beginning of thelr mechuntcal drawing.  ‘This belps to lay n goed
foundatlon for demonstrative geometry, as well a8 to Le of great practiend
value In their future use of drawing.

Supplementary exercises are given to rhow some of the nsex of atlgebra in
the natural sclences. Correlation hetween algebra, geometry, and the sclences
is shown wherever possible. The graph and sonie ef Ity uses are tnught in
linear equations and in easy quadratic equations.

In geometry the pupil will to a cousidernble extent originate hix demon-
stratlons instead of slmply miemorizing those of the atithor, Model proofs will
be given when necessnry to teach good form and fogicnl argunients, but s a
rule such demonstrations will be given only when the pupila wolNd. otherwise
be at a loss to know how to p

When a class in trigonometry has developed the working formulag it does
most of its problemt work In the field with the {rausit. leveling rod, and tape-
Hne. Much of the work 18 plotted to senle, This work is found to be {nterest-
lng and practleal ‘e

V¥IBST YEAR,

Firat term. Algebm to simple equatlong, including the application of fac~
toring in slmplifying fractions and in-solving ensy quadratic equationa of once
unknown quantity, y

Becond term, Algebra to rano. including easy exercises taken from the

Dhysical and chemical laporatories. The: shmpler uses of, the m;ph wm be
huht ggrlnx thll term. :

v
%~
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. SBECOND YEAR. )i o
I"lrst term. ’I‘l.ne first two books of plane geometry. Specinl aftentionswill
heepiven as to what constitutes a rigid proof. Suggestions nre given on methods
of attacking propositiong and problems, Neat, accurate form work will recelve
speclat attention. and puplls will be required to bisect ltues, gangles, erevet per-
pendiculars, :nd draw parallel Jues by actually using compasses and ruler. [}
Second germ. Dinne geometry  ¢ompleted.  We expect most puplils by this
tTine to be able fo do considerable work on their own fnitiative; to be able to
have sowe determination. to master a propositlon set hefore them.
The practical applications of the subject are shown whenever possible to

do ro.
& FILRD YEAR.
I'irst term, Solld geonietry.

. Seehnd term,  Elementary algebra (‘nm]yl("tl'd. This includes ratio, propor-
thon, varlation,  imaginaries, serfes. partial treatment of I)/'hnn)i“l theorem,
logarithims, review, . ’

.

FOURTIT YUAR.

First ferm. (1) Plane trizconometry.  Develppment of formutag.  Fleldwork
with trauklt, leveling rod, nud tapellne,

(2) Higher algebra. ° 5 ©
“seeomd term. (1) Descriptive astronomy. A brief, simple, nn.d accurate
account of the heavens as they are known to-day. It Is intended only for.
high-schonl pupils, amd to give.some inforwmation on the subject that 18 needed
for the person of ordinary cuhure. Interesting facts will be studied, but no
attempt ean be made to galn any clear conception of the processes by which
the fundnmentnl truths of astronamy. have been estabiished. The methods of
discovering the wouderful truths of this subject belong to the advaonged student.

() Hlgher arithmetic for those who expect to become teachers. .

NoTE.—The formation of these clagges depends on the number of pupils whoe

- firrange thefr programs 8o that it would Justify the taking of a teacher’'s

time from the crowded classes in first, second, and third years.

PR

These quotations indic;.te what is done in certain schools which
have paid much attention to the development of methods.

On the other hupd, there ave two sources of evidence fur the
statement that the schoals as a class have not developed special
methods of instruction. The one is the negative answer in the an--
«wers to the questionnaire; the other is in the lists of textbdoks.
The use of texts dominates the instruction in the majority of Ameri-’

L can scliools, and hence the fature of the text is to some extent an
index of the character of thi teaching. YWhen one finds, as is actu-
ally the case, a widespread use of a few texts in which the treatment

"o is essentinlly abstract and the problems constructed with small ref-

erence to other than formal requirements, it is a justifiable inference
in the absence of evidence to the contrary that the instruction in the
schools using these texts is not markedly different from that in

7 general secondary schools using the same’ texsts, and this inference -

is strengthened by detailed statements of mattey covered, which not
infrequently are extraets from the tables of contents of these texts, .’
While the use of texts, and, mHM traditional texts, .is_ general,

the:newer schools, papaeinlly. those in- which thejndustrial idea

ERIC
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14 MATHEMATICS IN TECHNICAL SECONDARY SCHOOLS.

prominent, are to some extent breaking away from these tests and
the corresponding *instructional methods. A number of schools
have prepared collections of problems taken from shop practice or
from matter contained in technical periodical literature. Unfortu-
nately but few of these are accessible in published forn.

As to the process of instruction, it would appear that the method
of holding recitations upon assigned textbook nditter i= not extinet.
T]rlis metliod, which renders the recitation mercely an oral examina-
tion, is, however, giving place to the method of development of new
matter by questioning on the basis of the pupil’s fund of knowledge.
The use of problemis as an instruction to new matters of theory is
apparéntly more common than the use of problems solely as Fppli-
cations of a didactically presented theory.

It must be said, however, that the evidence on this point is meager
and conflicting. .

It must be borne in mind, moreover. that even approximate uni-
formity of method does not exist.  The nature of the school, the
necessity of preparing students for external examinations, the prep-
aration and personality of the teacher—all have their influence on
the method of instruction.

The laboratory method of instruction ean not be said to be widely
used. The term may be taken as denoting the usé of experimental
processes devised for the purpose of discovery or emphasis of mathe-
matical truths. The mathematics & the final goal. the physical
process the means.  The methed may be illustrated by the following
quotation:

Algebraic problems are developed from the Inws of percentage from the sides;
angles, und‘:n‘onx of polygons,  The liws of the lever and of berix are estah-
lshed by experiments 1n the clngsroom and are made the basis for the develop
ment of the fundamental procenses afid the lnws of sight. Drawlng to seale
glves many problemr in: simtlarity of trinngles and tn ratio and proportion.

Allied to the laboratory method, but distinct from it, is that
which may be termed the “shop method.” Here as in the former
physical processes are usgd, but the physical result is the final gonl.
the mathematical truth, a thing which i€ introduced and devel-
oped becnuse it becomes necessary to the accomplishiment of that
end. The method may be illustrated by the following quotation:

.

WORKSHOP MATIFMATICS,

After a thorough re{-lew. which demonstrates to the pupll and the instructor
the ability of the formier for this important hranch of his trade, the apprentice
18 led, by the solution of practical prublems, through the necessary portions. of
arithmetie, algebrn, geometry. and trigononmetry. These subjects, when pre-
sented to pupils In the abstract, gre frequently beyond their mental grasp, but
when connected with their trnde practice the-absolute necessity of this knowl-
edge bécomes plaln; the student then attacks thé problem from a new stand-

‘point and with renewed vigor; and succeeds lo mastering the difficulties,

3 b4 \ : . * : :
b ‘ R &2 i 5
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S
Al 4he problems jo this branch of apprenticeship, also, are speclally pre-

pared by the instructors and printed by n‘eostyle.' Much of this work i8 re-
quired to be done by the students as home study. Lectures and shop talks
supplement the workshop mathematics.®

Tt is, of course, -scarcely necessary to add that the distinction
between the two methiods, as they are actually nsed, is not absolute.
It is a difference in the position of the center of grayity of the in-
strnction, which. if great, may amount fo a qualitative distinction.

Some of the more distinctively vocational schools and all the com-
mercial schools emphasize to a greater extent than'the others the
matter of computation, for the evident reason that with them the
numencal result is a matter of technical importance.

In the commercial school particularly unremitting drill on the
clementary - processes of arithmetic is an essential feature of the
instruction. Naturally the proportion of time expended on such
dril] depends on the breadth of the curriculum, and is greatest in the
private commetrcial schools, where the only mathematical subject,
conunercial arithmetic, is essentially u technical subject. In the
“ high schools of commerce ™ the drill is important, but the broader
.curriculum permits emphasis on the theoretical side of the subject.
Naturally, in all the commercial schools much attention is paid to
the use of materinl drawn from commercial practice.

PREPARATION OF CANDIDATES FOR TEACHING.

Ty the greater number of schools a considerable proportion of the
teachers are graduates of *normal schools,” or schools of college
grade. Tn many instances they are graduates of engineering schools,
and, in a few cases. they pessess the doctor's degree (obtained in
course). In the trades and industrial schools some of the teachers
have had experience in a trade or in one of the engineering pro-
fessions; in the commercinl sghools many of the teachers have had
experience in business houge€ A

The question of the prfparation of teachers is the gravest which
these schools have to face, particnlarly those in which the trades or
industrial element is predominant. * Normal ™ courses for teachers
of “Mmanual training® exist, but there appears to be as yet little
provision for the {raining of men who, with an adequate knosledge
of the technique and problems of a trade, also possess a thorough
knoyledge of the science of mathematics and of the theory and
practice of education. Such men exist, but they are few in number’
and are the result of accidental circumstances, not of organized in-
struction. A few institutions, notably Teachers College, Columbia
University, are now offering courses desigmed to meet the needs of

-

=3 N

persons preparing to teach mathematics in the sécondary. technical
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PART II.

M'ODERN.'IDEAé CONCERNING SCHOOL ORGANIZATION.

" The manual training, the industrial, the trades, the agricultural

schools, and the high schools of commerce are. in their present form,

essentially new types of school 'which have been developed as the

fesult of the movement to render instruction more concrete and

immediately available, : '
‘COEDUCATION.

The schools considered by this committec are fortunaTe in that the
vexed question of coeducation presents itself in so objective a manner
as to permit sane discussion, in_some respects at least. The question
of the simultaneous attendance of the two sexes at the same institu-
tion is one which may be regarded as settled in America by custom,
This question need not concern us here. : ! )

. On the other hand, in proportion as the schools are distinctively
vocational, the question of segregntion rather than coeducation be-
comes important. Segregation becomes imperative when the voca-
tional element is predominant and differs for the two sexes. When-
ever in the schools considered, correlation of the mathematical in-
struction with that in the technical subjects is regarded as essential,
the difference between the technical interests of the two sexes is

{ - found to be so great that the successful application of the principle
of correlation renders segregation necessnry.

On the other hand, in the commercial and agricultufal schools the
interests of the two sexes are so nearly identical that segregation in
the cladses in mathematics is neither imperative nor usual. The same

~ considerations hold with rfesence to the sex of the teacher.

MODERN TENDENCIES CONCERNING THE AIM OF INSTRUCTION AND
_ OF THE BRANCHES OF .STUDY. o

There is a tendency to omit so-called * uscless subjects,” but the:
criteria are variable and often contradictory. - The tendency, how-
ver, is to omit subjects rded as involving complex manipula-
ion or difficult theory unless they are of essential and img ediate
‘vocational importance, TFof example, the extraction of numerical
.cube root, pargial payments, etc., are omitted from the courses in

. arithmetic given-in the agricultural schools. On the other hand, -
*. the commercial department of & high school omits as useless-the
~ subject-of graphs from its course in algebra. . In general, however,

B X R P
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the tenaency is to retain the traditional content of the courses of the’
general secondary school, except in those schools whose courses are
.= narranged with reference to&}z*mediate'teclinical availability.
The general tendency is, moreover, not.to increase the content of
*  the courses or to replace old subjects by new except inso far as the
so-called © workshop mathematics ™ mny be regarded as a new sub-
ject. Such courses are new in their point of view and their concrete
material, but not in their imathematical elements.
In this connection ny be mentioned, however, the generu] tend-
ency to introduce elementary trxgonometry into the curriculum be-
1 cause of its nwnerous applications to shop ﬁ)roblems and to surveying.

EXAMINATIONS.

There appears to be no noticeable tendency to abolish examinations
but rather to subordinate them to the regular work.

3 METHODS OF TEACHING.

With the increase in the size of the cities and the centralization ot
industries has come a decrease in the fund of general knowledge
which is avarmble in the.child as a basis for mathematical instruction.
In the days ofdthe small shop in the smull town the artisan's boy -
frequented the shop and used his father's tools. He learned in g
desultory and accidental way. perhaps, but nevertheless he learned
to plan, measure, and build, and became fcquainted with the materials
., and methods of the various forms of industrial nct}\ ity. From all
this the city boy of to-day is excluded.
In consequence of this the voncrete basis which the boy formerly
obtained for himself. and unconsciously. must now be systematically
provided by the school. The mathematically ill- eqmpped\t;ncher
of an earlier period had no suitable mathematical superstructure to
erect on the excellent foundation provided by the boy; the better-
equipped teacher of to-day finds the foundation madequute to sup-
port the structure he is prepurod to erect. The consequence of this
essentially economic change is that systematic intuitive instruction
in the school is becoming increasingly necessary and is supplied with
increasing frequency, e. g., by the use of “laboratory’s and “’shop
methods ” and by the use of concrete problems. .
i The technical secondary schools from their very mature tend to
adapt their instruction {o this need more readily than do the geznl

soc(mdary schoo]s, and with apparent suecess.. One school reports:

The boys take hold of mathematics ag If they * needed It in thelr business”
()ur buys are not exceptiofally bright, aud yet the best sectlon of girls {n a

“ regular " high school would not be uble to keep pace with then.-

Along with this tendency to emphasize the intuitive element <1 .
instruction, theresis the conservatire tendenoy, partly due to inertia =

- : 21125'-—12—'—3 ' . . r , g
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and partly to external acndemic reqt\xiremen_t,q,; td emphasize the
abstract element. *

In view of the lack of central control of American schools. the
existence of these two conflicting tendencies, especially the Iatter, can
not be regarded as otherwise tlm‘ fortunate for the future of mathe-
matical study and research tn this country.

The general secondary schools already feel the competition of the
technical secondary schools. The dnngcr lies in the possibility that
the attractiveness of the intnitional and nnmiﬁ’ﬁm available cle-
ment of the instruction in these technical schools, whose ideal ap-
proximates to that of the trades school, may so diminish the abstract
and logical element in the mathematical encrienla of all the second-

-ary schools, general as well as te¢hnical, as to hinder the progress of

mathematics asw scignee in this country.

The lack of concrete basis for mathematical instruction is the cause
of n tendency, expressed in the curricula of certain schools, to pre-
u‘do the demonstmtno worlk in gvnmetn by work in “constructive ”

“inventional” geometry. The cirenlar of one school says:

This study (geometry) s, flrst of all, inventional. With r}ller, dlviders, com-
pass, and protractor, the pupil is taught to draw geometricnl figures and then
to study and understand them, After o term's work i Industrial gevnietry,
tie pupll studies plane und then solid geometry with an interesf which would
not be possible otherwlse, - 0

The age of the pupils in the schools considered is such that, once
they have becgne familiar with the elementary geometric conoopts
through their work in constructive geometry, the logical element of
the subject can be made predominant.

Muaterial aids to mathematical instruction are of course much in

evidence in schools which make use of the “labomtory or the .

“shop method " of instruction. In geometry and tr igonometry, when
climatic conditions are favorable, outdoor work is oceasionally used.
In solid geometry the use of wodels made by the pupils ignot

infrequent.

Excepting in the commercial schools, where the mnt'tel is one of
vital importance, the matter of computation does not. receive the
generalattention one would expect:in schools of essentially voeational
purpose. A few .schools, however, lay much stress on the matter,
and one, at least, offers a course gn the sub]oct the outline of w hlch

" _gnay be quoted: 5

Fes

* solution of practicgl problems,

CoMPUTATION. B clusa.  (Applled Mathemntics.)

A course in the Anterpretation and application of standard englneering for-
mule, abbreviated methods of calculation, the use of mathematical tables,
approximatien by grapbical methods, and the use of compntlng devices. The

(3
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The uims of the course nre: : '

1. To give the studenl soue adequate !l(qlltlllllllll((‘ with computing m(-(hods
*2 To dev elop 1n hlm at thc sanie time aecuraey wnd speed.

3. To cultivate the nblllt) to estimnte results with o reaxonubly close deg
of approximation,

4. To wminimize iabor 1n hirs calculations, Vo

>

The experience of the voeational schools indicates that the solution
of the problem of giving mathematics a better place in populur n-
struetion and of reacting against the prejudices against the science
lies in bringing t]\(‘csllb](‘(.l- into such close gelation with the activities
of daily Hfe. expecinlly those of an industrial nature, that the neces-
sity of a knowledge of the subject i~ felt. From the qtundpoint of
the progress of the seience - lln~ i the valuable element in * workshop
mathematics.”™ s . .

The dangerous element in * work-hop muthematics ™ is not funda-
mentally distinet Yrom that which i< so often the bane of abstract in-
struction wnd against which the representatives of the secondary
technicnl schools so emphatienlly protest, namely. excessive formalism,
By formalism ix here meant the unthinking nnd mechanieal execution
of mathematicil processes withont vegard to the Significance of the
data, the operations, or the vesults.

This formalism may be illustrated by the following problem taken
from a published collection thid is comewhat widely used: The di-
mensions..of the parts of a rather complex combination of crank,
screw, nmd gears ave given, and it is required to find the weight whlch
can be raised Dy a force of 60 pounds applied to the crank. The
mathematical work involved is merely the numericel evaluation of a
rational fraction the factors of whose terms are given. Thd pub-
lished awgwer is 203,575.68 pounds; that is, a weight of a hundred tons
is given to the sixth part of an onnce. Tt is evident that such a result
can be obtained only by n mechanical and unthfuking use of the
mathematical processes involved. and without the slightest congfd-
eration of the sigmificance of the concrete elements of the problem.
This is formalism pure and simple, and it is the: more pernicious in
that it masquerndes under the guise of “shop mathematics™ and
claims to be an example-of “how togapply mathematical prifciples,
rules, and formulas to the solution ?uqn(‘h (i. é.. shop) problems.” ‘

There is a desire among some of the teachers of inathematics in the
secondary technical schools to break down the conventional barriers
between the several branches of mathematics, and in a few cases this .
desire has been réalized. The principal”difficulty mentioned concern-
ing this movement appears to be the lagk of textbooks designed for
such combined courses, n difficulty which is not inconsiderablé by
Jeason of the dominant posmon of the textbook in American mathe.
matxcal instruction. A few. such texts, however, have been pubhshed.

Sl
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There are administrative difficulties, particularly in the case of schools
which articulate closely with the grades on the one hand and the col-
leges on the other, and these difficulties, while not mentioned by the
schools, have proved a serious barrier to the movement in the colleges.
The conservatism of teachers also retardls the establishment of these
combined courses.
It would appear that the .technical and industrial schools offer

unusnal adv untnges for the development of combined conrses, becanse

0 the fact that,.in the newer ones at least, the articulation $ith
- cstablished echoolq is Tess close and the force of tradition less strong
than in the general secondary schools. Tt must be 1ememhercd‘ ’

however, tlmt these combined courses are of comparatively recent
erigin, while the traditional courses are the result of a long period
of evolution. The combined course i in the experimental stage, and
for this stage of its evolution the secondary technical schools offer,
for theﬁreasons just mentioned, a favorable culture medium.
Wherever the courses are separated it appears that the study of
the elements of algebra-precedes that of plane geometry.  The rela-
tive posnmn of the secon:l course in algebra and that in solid geom-

’ etry is variable.

.

4 \ N

Y RELATION BETWEEN MATHEMATICS AND OTHER BRANCHES.

k)

While sys«tematic (‘nn(]nptnlmn of the courses in mathematics and
those in other subjects is not general; therd is n strong tendency to
make such adgptation to a greater or less degree. The tendency may,
and sometimes does, take the form of emphasis on the application of
mathematical-results at the expense of the logical and demonstrative
element of mathematics ang of its dignity as an independent science.
The “ pocketbook engineer™ has his counterpirt in the secondary
schools. More frequently, however, the tendency findsa more rational

expressxon in the form of emphasis, in the mathematical courses, upon”

problems derived from other branches. These problems may serye

’
as an introduction to'the demonstrative work or as an nppllcntlon of
its results.

The difficulties and dangers in the working out of this tendency
are precisely the saine as those which arise in a similar situation in
the higher schools. Unfortunately, neither the teacher of mathe-
matics nor the teacher of the technical subjects is omniscient. The
one lacks technical training, the other a thorcughly grounded knowl-
edge of the science of mathematics.

LA study of published collections of problems used by some of the
schools indicates that th® mathematical principles involved in the
technical problems considered in their courses are, for the most

', part, of a very elementary character. In geometry, the propesitions -

A8 g "
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of congruence and similarity, the theorem of Pythagoras, and the

mensurational theorems; in trigonometry, the definitions and ele-.

mentary properties of the functions with their use in the mmp(m-
tion and resolution of vectors: and in algebra the fundamental opers,

.. ations and the solution of linear equations and binominal ot]u.mons
*of lower degree fory the theoreticgl basis for the greater part t of
the protdems in question. The problems arising in surveving, of
course, require more extended knowledge of trigonometry, and the
varied problems of the machine shop involve ulm-lnmc principles
of a more advanced character.

. FFor example, pml)lcms on {he efficiency of hoisting devices (frie-
tion C()l]\l(l(‘l(‘(l) and in the design of cone pulleys invalve geomet-
rie progressions; problems of gearing and serew eniting involve in-
determinate equations, Kuelid's algor it of the greatest comnmon
divisor :m\d'.('untinue(l fractions.

-”

-
>

REPORT OF SUBCOMMI'I"I‘EE ON SECONDARY COMMER-

CIAL SCHOOLS.

Rourcex qf informution. —Thix r(-pm't Is bused on stntistical informatlon obtalned iy
means of questionnaires and on other data avallable to the members of the commitiee,
especlaily the chaleman, as wembers Gf the fnsiructing stalfs of commercin sehoonls.

* +»  The report wns prepared by the chaltman of the subheommittee In consultition with
! * the vother membeia and with the chalrman of the committee on seeandary technleal
sclools,

Abn of the repurt.—As some of the work of the schools considered does not greatty
differ from that of geueral secondary schools the subcommitter Jas confined ftself largely
In thix-report to the constderation of the points of differenee efween the work of the
commercitl and of the genceral recondary weliools —the nature, cause, and results of these
differences.

b oo Classification of schools.—_—*he schools considered by the subeom-

- - mittee fall into thrge classes, viz. high schools of commerce, commer-"
?‘ cial departments.of general secondary schools, and 11\.1(0(011111101(’1:\1
‘ schools (the so-called business m]]c"e\) / .

The private schools were first in the ficld; their primary ain was
i and is preparation for immediate vocational activity.  Though they
are, therefore, essentially of the same nature as “ trades schools ™ and
by * are largely conducted for profit, the committec is impressed with their
‘ .educational ¥alue and the professional spirit of their instructing stafl's.
| There are. many of these schools throughout the country. The
l fact of their existence is proof of the’demand for the kind of educa-
tion they offér. Tt is a further testimony of the gyork done by these
schools when it is cited that some cities, as Berkeley, Cal., already
offer n two-years’ course in ¢ommercial subjects. 'Boston., Mass., has
just voted to establish a central tlerical high school, to be in sessxon
from 9 to 5; its scope of work will be that- usually offered by the best
busmess colleges
" The commercial department in the general high school is the nat-
I ural outgrowth of the success of the pnvate comma'cml school, ]ust
u 2 glbo., o %
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as earlier in the history of our country the general high school was
the outcome of the success of the academy. Moreover, just ag the
private academies began to go out of existence with the success of the
general high school, so that now but a compnmtn ely few of those
in existence from 1850 to 1860 stil remain, in the same way it is
probable that the public schools will do more and more of the work

now being done by the private commercial schools.” And just as-

there are now some academies still in existence, and in a most
healthy condition, so is it likely that we shall always have our priv-
ate commercial school; but it is improbable that we shall have all
that we have at pxe\ent

The same observation which is made here with legmd to the
pioneer work of the * commercial college ™ is manifest in the history
of many features of our present educational system ; the need is first
shown by experiment carried by private enterprise, either philay-
thropic or commercial; then the public-school department, hitherto
Dassive, becomes eager to incorporate the private success into its own
field of activities.

Since the commercial’ depmlment of thie general high sclmol aims
to do the work of the private commercial schocl, there will be but

little to report in regard to them in addition to \\'Imt will be reported
for the private school beyond the fundamental differences hetween

the two kinds of schools in all Tespects.

The commereial high school is but one step bevondd the commercial
department and must be from the nature of affairs restricted to the
larger cities. However, this step to the separate high school is 4
long one. The “high school of commerce™ expects to give a better
fitting for business life than either the private commercial school or
the commercial department can: better than the one because the
course is longer and its scope is broader: better than the other be-
cause the work of the four vears in the high school is much more
specialized.

¢ 2
COURSES OF THE SEVERAL TXPES OF SCHOOLS.

In the private commercial school the length of course varies from
three months to two vears, depending on the pgeparation and wish
of the pupils. The usual course, however, is for one year. Certifi-
cates or diplomas are given for work covered. The same work is
given for both boys and girls, as would be expected since they are
found in the same class. The entrance requirenients are not as
clearly defined as for the public secondary school; the scheme is
rather to put the pupils into those cl¥8ses’ where they can take up the
work to best advantage. The-nge of the pupils varies from 14 to 20,
a8 8 general rule; both younger and older puplls, however, will bé
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In the commercial department of the high school, the course is of
four years' length: the studies in the commercial department are but
a part of the student’s studies; the others are- ‘taken from the general
course of the school. The dlplomn given at the end of the course is
the general school diploma and-dves not usually specify that the
pupil ix a graduate of the commercial department; it states rather
that he is a graduate of the school; the diploma is the same as that
given to the graduates of all the other departments of the school—
this statement holds true so far as facts have come to the observation
of the members of thix committee. The work of the first year for
pupils in this course does not vary materially from that of the other
pupils of the schdol: accordingly. the same entrance requirement
holds for all—that they satisfactorily complete the grammar-school
conurse.  The average age is from 14 to 20 years fmm entrance to
graduation.

SN the eBmmercial high s(‘hon] usually called “lugh school of
commerce.” the same general consideration for age and entrance
holds true as in the case of the commercial department. The cur-
riculum, however, is more spegialized. The aim of the school is to

. . . . hd
prepare for a commercial life in a broad sense\oThe commercial

departments prepare more for secretarial and clerkship positions
and make bookkeeping. stenography. and typewriting. the courses
around which the work of the school centers. The schools of com-
merce make the  economic sciences and courses the subjects around
which the work of the school centers. The other subjects are studied,
but are given but comparatively small emphasis in working out the
aims of the school. DBusiness men’s organizations comfected with
such schools are of great value to them.

THE AIM AND SCOPE OF THE MATHEMATICAL INSTRUCTION.

The only bianch of mathematics that is taught in the private com-
n‘e\rojul school is commercial arithmetic—sometimes called business
arithmetic. The placing of commercial aTithmetic as pne ofthe
bragches of mathematics is one of the points of differesce between
the American and the German practice, for in Germany it is con-

sidered as one of the branches of the commercial studies. The aim

_of the work is to give drill, constant drill, in the ordinary operations

of lmsmeqs, so as to secure hnbltq of accuracy, speed of eomputation,
and skill in mental operations. _—
There are usually five recitations per week, and the usual length
of the recitation. is 45 minutes. Some schools have recitations, how-
ever, that are one hour in length.. The work in commercial arith-
metic in these schgols ig~made to correlate more with the work in
bookkeeping than.with any other subject. #The teachers in these
schools frequently make the complamt about the preweus prepars-
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tion of their’ pupils in arithmetic, that they lack in accuracy.gpeed,

and knowledge of practical problems. Seme schools report, how- .

ever, that the foundation which they have in m\(honmtwai'tlmmng
is excellent for the dMil that the business college wishes to give them,
The comment made by the teachers in these schools is also made by
many of the teachers in the other types of schools. .

In the commercial departments the same subject is offered as is
offered in the private commiercial school—commercial arithmetic,
The subject is nearly always elective in the school, but required for

those who wish tv take the commercial course. I‘he length of reci-
= .

tation period varies from 40 to 45 minutes usually, and the number
of recitation periods varies from two to five per weck throughout
the year, or the equivalent of it. The work js maosf, often t.x]wn in
the second of the four years of the pupll s course in the high school.
It is sometimes, however. taken up in the first yvear of thc course,
In schools where the pupils also take algebra either the arithgetic
* is-carried on at fhe same time that the algebra is or it is taken up
after the pupils have had one year of algebra. The latter is more
often the case. Accordingly. the usual age of pupils taking this
subject is 14 to 16 year<. In'the New York High School of Com-
merce the subject is gfven by the commercial department; in Boston
by the mathematical departinent.

In such schools as these the commercial arithmetic is usually cor-
related with the work in bookkeeping; less often it is carrelated
with work in physics. One school reports that it is made to cor-
relate with the study of commercicl laxv. It is very evident where
“this can be done, since the discussion of many problems arising in

« commercial arithmetic.involve questions of both' custom and law.

Where algebra i« offered in these schools the pupils of the commer-
cial departments are found in the same classes that the pupils of
other departments are foypd in. Hence the report given by the com-
mittee on the general high school s regards algebira will Tie appli-
cable to the algebra of the commercial departments. This same
observation holds true for geometry and trigonometry.

In the commercial high school, however, mathematics is given

more time. 1In the first year ulvol:m is taken up for either four or

five periods per week, with recitation periads of from 40 to 45 minutes
‘in length. 'II)’he algelra is offered largely as a vocational subject, and
the problem is made the central th(mght in the dev elopment of the
subject ; the equation is gtudied in so far as it will lxelp in solving
the problem, and the different processes are taught onl) in so far as
they help in' sqlving the equation. The general aim is to” study the
applications, and only such principles of the science as help one to
understand the appllcat ons, :
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The work in this subject is correlated with the other work of the
schoal. Tt is evident where it ix correlated with arithmetic, from
the close relation existing jn the nature of the subject, it is corre-
I-ted with the work in science, in drill work, in the formulas of
physies, und in problems taken from the field of natural science. In
the use of squared paperand in the graphical representation of <imple
Atatistics. it ix correlated well with the work in compercial geography
and economics: in the matter of requiring the same ~tandards of
good penmanship that are exacted in the penmanship classes and in
the matter of rapid calenlation~. invoicing, and the variouns apphica-
tions of percentage. it “ix correlated with thé business technique
classes: in requiring explinationg. aral and written.expres=sed in good
English. it is correlated with the work of the English department.

The description here given for the method of traching algebra is
taken from the usage of the Beston High Sehool pf Commeree; it

applies with equal force to a. great migny eneral high schools of t
country. Tt would be very haud to ‘present a ~tatement about

teaching of algebra that would be above censure: scme eriticisim
would be sure to come from some part of the conntry. There is a
feeling of unrest throughout the country as regards the teaching of
algebra, and cagerness to make the subject more significant than it
has vet been in secondary instruction.

The work m commercial arithmetie has all the features of the
snme work done in the prevate commereial schools and in the com-
metrcial departments.  The time wllowance is the same as for algebra.
Since the merchants are much interegted in these schools, practical
material is available fram them \\‘hia_-hﬁk'oul‘] he othierwise impossible

. to obtain. « The stores of the city are the laboratoriey 8f the studénts

of the commercial high <chool. The books and pccounts of such
stores have much material that is of the utmost value to'the school,

and that materinl is being sought out by the teachers of the com-

mereial high school. and already quite a little has been bromght into
use in the classroom,

Besides the drill in rapid and securate perf nce of arithmetical
operations, .this work aims to give drill in :T‘S real significance of
numbags, drill in habits of sustained attention and concentration of
effort, and drill in specific Sroblems brought in from the business
houses. The general aim is to give drill rather than to teach the
pupils anything new. The subjects emphasized are the fundamental
operations applied to integers, common fractions and decimal frac-
tions, percentage, interest, stocks, bonds, sinking funds, insurance and
taxes, and equation of aceaiints. Arjthmetical operations which are
seldom found in business are omitted:

This work is correlated with other debértments of the school in .
many ways. - The extensive study of significant statistics having to -

- by
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de with, the commercial life of the city, State, or Nation, and the
gruphical representation of the same in all the more commoh forms

later on, as is likewise the study of actual problems in stocks, bonds,
and sinking funds. The teachers of bookkeeping and commercial
arithmetic are constantly in communication, so that their work may
be of much assistance to each other. The work of the English
department is emphuasized as in the case of algebra.- Tho work is
correlated with the s~ience department in the manipulation of some
of the practical problems encountered in the science work.

Geometry and trigopometry are sometimes studied, but they are
studied for their cultural rather than for their vocational values;
accordingly there is a freedom of methbd dnd choice of theorems
which would otherwise be impossible,

It is pointed out that a school which emphasizes the practical side

< of algebra should also-emphasize the practical side of geometry and
trigenometry. This statement is true, and it is quite probable that

“some time in the future we shall have a course in these studies more
applicable to the commercial high school._ This, however, is a problem
which has not yet been worked out in connection with so com-
pantively recent a departure in education as the commercial high
school. o

The preparation in mathematics of pupils entering the commercial
high school is the same as that of those who enter the classical hig
school or, the general high school. Since these features of 'the Amer-
ican educational system should be more properly treated in the
reports concerning those schools, they aill be omitted here.

In both the private commercial school and the commercial depart-
ment, special desks are provided for the students; these desks are
made to conform as much as possible to commercinl usage. In the
commercial high school these desks are found in the department-of
business technique. 0 s

In some schools which have no commercial department a half year
of advanced arithmetic or commercial arithmetic is offered during

" the senior year, less often dlying the junior year; this course covers
such essentiuls of everyday arithmetic as every high-school graduate
ix supposed to be prepared with.

R : THE EXAMINATIONS. \
In most States diplomas from the school are not dependent on n
final examination of the work covered during the course, nor ay
“the examinations at all of that nature. They are more commo%
given every week, two weeks, or month on the work covered during
the time since the last examinatioh. The examinations are only
incidents of more or less importance in the progress of the work.

z Ve P
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of graphics are of great value to the pupils in their economic studies -
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The regular daily work is considered of much more jmportance in -
estimating the pupils’ progress and educational worth than the-

examinations are. This principle holds true of all three kinds of’
schools,
THE METHODS OF TEACHING.
=

Textbooks are very freely used hoth for class work andl for home
work: and many excellent books on commiereinl aritlunetic have been

written by the teachers i these schools. particularly by the teachers
of the private commercial schools. Since the . general fiim of the
work is to give accuracy and speed, much oral work is given for
mental drvill.  The textbooks are made up of the kind of problems
that are met with in the_husiness activity of the country as far as
the author has discov or(‘ﬁ\urw and custom of business houses,

Interest tables. simple nnd compound. are the only kind of tables
that find much use in the arithmetic work: a few schools report the
use of lognrithmie tables. The Boston Tigh School of Commerce
advoeates their use m the ‘commercial arithmetic work, by the obser-
vation of their nse iu statistical offices by people who have never
studied any mathematics hevond the arithmetie, .

Many of the private schools. fewer of the public schools, veport the
possession of adding machines. This is not surprising when we
consider how recently such machines have come into general com-
mercial use. Tt is sigmificant. however, that our schools are begin-
ning to recogmize that the adding machine is hs necessary (o modern
business as is the typewriter. TInstruction on the latter forms a recog-
nized part of every commercial course, and within a few vears the
skillful operation of the adding machine will doubtless be taught in
all the well-equipped commercm] schools,

One school reports the possession of a cash register and loose- leaf”
ledger. Other kinds of caleulating m.wlnno» are seldom, if ever,

- found in the schools.

Some teachers in the commereial high school report the use of
the laboratory method to good advantage. By this mothod a set of

exercises is chosen. in xome such suh]cct- as commion fractions, from

the commercial life of thc\ci(_v. State, ov Nation. Eac® pupil is
given a separate problem—an experimen{—on which to work. Inas-
much as all problems are different, the pupyl/f:4 thl;own on his own
resources; since results are proportionate to efforts éxpended, such
work offers an incentive to ambitious pupils for extra work.

Sets of exercises have been compiled for such subjects as addition
and subtraction, mifltiplication and division, cotmon fyactions, deci-
mal fractions and percentage, exchange work, stock in!oicing, mark-
ing goods, and sinking funds. .

The methods in algebra vary from the usual course in that subject

88 much as is consistent with the different aim of the subject; the.

L
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, 28 MATHEMATICS IN TECHNICAL SECONDARY SCHOOLS,

mental exercises are fhore particularly drilled in the commercial high
school than in the general high school. Ratio and proportion are
taken up early in the course, since the work is so closely related to
the work in equntmnx .

Geometry i~ taught quite irrespective of college entrance require-
ments.

PREPARATION OF CANDIDATES FOR TEACHING.

But a few of the teachers in private commercial schools are college

men. The preparation of the teachers for the work of instruction _

has been by attending the private commercial school, or by having
attended a commerm.ll department in a general high school. or by
having had actual business experience. Mary of the teachers in
these schools have had this business training. and, of course, this faet
gives themr one excellent qualifieation for this particnlar kind of in-
struction. Teachers are quite often found in these schools who have
had practical training in higher accounting or have pursued courses
in the subject. S

The preparation of teachers for the commercial high school is of
higher grade, from an academic point of view, than that of teachers
of the other two departments. The best teachers for this particalar
kind of a school are vet-tocome. The school is a comparatively recent
innovation ; accordm"]\. fhe demand for teachers for this special
kind of sthool i comparatively a new one, They nearlv all now have
good academic training; what they will netd in the future is more
business training. The teachers are taking the problem serionsly,
too, and are making decided and effective steps to supply their

. deficiency in these regards.

he preparation of the teachers in the commercial department of
\high schapls, of necessity from the nature of affairs, has been
he same as that for private commeréial schools. Preparation
has been mainly in the private commercial schools and from the com-
mercial departments of the high sehools. A sinaller number by far

- have obtained business experience: this is probably due to the lack

of sulary inducement more than to the nature of the problem.

In the past, few college men, or women, have gone into this line of
professional work: but with the present tendency toward vocational
education, so mahifest in the country, more college men are under-
taking it.

A marked advance was made two vears ago.when the Salem
(Mass.) State Normal School offered both pedagogical and vocational
courses in theicommercial subjects. - This course has met with  such
success since its institution that the course has been lengthened to
three years, with a corresponding addition of opportunities offered to
the students. A few other State normal schools in the country. had-
prevxously oﬂ‘ered the vocat.xonal courses, The Albany (N. Y.) State
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Normal College has since then offered the same kind of courses that
the Salem school offers. The private normal school at Valpa{‘also,
Ind., has long conducted training courses for commercial teachers, as
have also several other private normal scho. s of the Middle West. It
is further interesting to note that the Teach. s College of New York
City is preparing to inaugurate (1910-11) a course in' commercial
arithmetic. and later ong in stenography and ty pewriting. Simmons
College for Girls, of Boston, for the past few years has also been
meeting the demand for instruction suitable for preparation for
teachers of commercial departments of high schools.

It can readily be seen that a great many teachers of comunercial
subjects in the future will get their preparation from these normal
schools, Tt is well that these schools offer this opportunity, for the
demand for commercial education becomes more pronounced year by
year, and there is constant demand for more and better trained

" teachers.

REPORT OF THE SUBCOMMITTEE ON SECONDARY AGRI-
CULTURAL SCHOOLS.

The agricultural high school is of recent origin in ths United
States and owes its existence to several causes. Probably those
most puient are the growing conviction in ‘the niind of the rural’
community that it must furnish some form of education beyond
that given in the district school of grammar grade, the recent
awakening t& the necessity of industrial education of some form for
every commujnity, and the attempt to in the General Gov-

* ernment .to_gppropriate funds toward the dsh:ort of agricultural
high schools in ench congressional district.

S That the concentration of school districts in the country, with
provision for the transportation of pupils from a sufficiently large
territory to form a graded school, has materially increased the
efficiency of the rural schools is undisputed. That the same prin-
ciple extended to the secondary school will be successful is expected
by the rural communities which have undertaken the task of sec-
ondary education.

These secondary schools, started in agrlculturnl dlstncts and main-
tained in practically every instance by public funds, in many cages
~by the State itself, have attempted with more’ or less success to
adapt the work of the school to the principal industry of the sec-
tion—that of ngrlculture, and accordingly ghey have formed their
curriculum to give prominence fo the sciences underlying that in-
dustry and have curtailed the instruction in other lmes. most notice-
ably perhaps thdt of forelgn language. .
This brief statement is made by the subcommittee in order that the

7/

‘result of the questxonnme sent ont my he better understood .
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. -
Yonr subcommittee sent {o the department of public instruction
of nearly every State a r&quest for the list of secondary agricul-
tural schools within the State, and in pragfically every instance a

reply was received giving the information asked for. In many’

instances schools not -of secondary grade were mentioned; as well
as schools in which “some” agricult®ee was taught, but which were
not styled agricultural schools. The subcommittee, believing that
an inquiry into the teaching of such schools was not within their
province, rejected all schools mentioned which did not seem to come
under the head of secondary agricultural schools. As a result of
the inquiry, a list of 63 schools was obtained which seemed to em-
brace all that properly cnme under the class delegated to this sul;-
comniittee,

The distribution of these schools was of interest to the subcom-
mittee. About half the number were in the Southern States, and
nearly as many in the middle Western States, while the East and
Far West were represented by un oceasional school. Some of the
leading sgricultural States scemed to have no schools of thig kind,
notably Iowa, Illinois, Myssouri, and Kansas. It was found that
schools of this class existed in only about one-fourth of the States,
and that in but 8 States, of which 5 were Southarn States, did they
seem to be established by districts. :

A questionpaire of limited scope and admitting of easy reply,

covering the source of students, method of support, kind of control, ’

special aim of school, general and mathematical curriculum, methods
of admission, and special questions on the instruction in nfathe-
matics, was framed and sent to the schools listed, and replies were
received from about 40 per cent of the number, and judging from

the replies, in most instances from {ypical schools of the different -

sections. Based on these replies,
© comments are given:

" The schools are generally located in the country, or in small yural
‘towns, and draw their students largely from the homes of the farm-

he following deductions and

ers, although a number report that the students are recruited from _°
- all classes. They are all supported by public funds. . Some have

State support and others areynaintained by local taxation.’,In most
instances both State and local funds are used They are practically
all coeducational,

The predominan{ aim seems to be to fit the pupll for farm life,
and to emphasize those subjects bearing on agrxculture and domestic
sclence. In many instances the’ avowed purposes of the school are .
to create a deeper interest in thmgq agricultural, to direct the in-
terest of the pupil to the problems of the farm, and to hold the

attentIdh to the ndvantages of rural life as enmpared with those of

.\\.
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-

At
To attain these ends the curriculum is more or less affected. Spe-
cial stress is laid upon #e sciences, and departments bearing dfrectly
onagriculture and domestic science are introduced. A number report ’
that the curriculum is not materially affected, some that it is more
practical or more scientific, others that it is industrial, and onesthat
all subjects are taught from the standpoint of the farmer. To pro-
vide for tlre vocational subjects in many instances the amfount of

foreign language taught has been curtailed. ‘.

The mathematical curriculum is reported by many schools as not
at all affected by the special object of the school. A few report that
the amount of mathematics is reduced.  One reports more geometry
and surveying thun would otherwise be given. Quite a number
report that the work is more practical and th{t advanced arithmetic -
and farm accogits are included. )

The geplies to the question asking how the specific aim and object
of the school affected ‘the method of teaching matheniatics were
so diversified that rio general conclusion can be given.  About a third
of the replies state that they methods are more practical, but only a
few state in what way—that iy, whether in subjeet matter and char-
acter of problems or in methods of teathing. About a fourth of the
replies state that the method 6f teaching (he subjects is not affected.”
Several muke no reply, probably pecause the methods are unaffected.
One states that the laboratory méthod is used and one that the work
is mostly individual on account of the uneven preparation.

The subject ,of the correlation of the various mathematical sub-
jects seems to have received but little attention, and but few report
any effort in that direetion.  No attempt sfems to e made to correlat
mathematics with agriculture, except in the case of arithmetic. A
few report that an attempt is made to correlate with physics and with
science. In general a favorable opinion of correlation is expressed,
although it appears that verylittle attention isgiven to the mhtter.

TFhe use of the laboratory n.ethod with-mathematical subjects -

seems in-genernl to be very limited.  Where used the reports state
thalfthe results are good.

In\ggperal the requirements for entrance are the completioy of the
work of the common sehool, which varies somewhat in the different
localities. Eighth grade arithmetic seems te be about the maximum
requirement in mathematies. One reports no entrance requirement
exeepting a minimum age limit of 14 years for hoys and 13 vears for
girls. . . 0

Entrance is generally secured by either examination or-certificate,
akhough a few admit by examination only. The work in mathe-
matice in the different schools, while showing a considerable varia-
tion, differs more in degree than in,subject matter. A majority of
the schools present arithmetic of some #ort, under the nanve

of prac-
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tical arithmet'clz, farm accounts, bookkeeping, mensuration, ete. ©
Practically all include a reasonably good course in algebra. Well-
known texts are used and a fair amount of time allotted to the
subject. The same may be said of the course in plane geometry,
\, while a number pay attention to the applications as well. Solid
geometry is given in quite a large number of the schools, and the
time allotted to the subject seems sufficient to do the work satis-
factorily. € .
. Inabout 2 per cent of the schools replying trigonometry is given.
and in a somewhat smaller number, plane surveying.

Tho relati®® stress placed upon mathematical dexterity, analytical
power, nccuracy, and logical keenness seems to differ widely in the
different schools. A disappointingly large number seem to put no
special stress on accuracy. =

Owing to therecent establishment of this type of school in this
country the curriculum is yet in‘a formagive state. Undoubtedly a
satisfactory course for these schools will be developed, probably as o
part of the larger problem of industrial education. On account of
its practical character and wide application, mathematics is sure to
occupy an important place in this kind of education. That the sub-
ject matter, problems, and applications of mathematics to various
industries can and should 'be much better presented than has been’
done in" the past seems obvious.

~

SUPPLEMENTARY REPORT ON THE INDUSTRIAL SCHOGL
OF SECONDARY AND INTERMEDIATE GRADE.

Within the last.decade the industrial school of secondary and
intermediate grade has assumed an impgrtant place in our system of
education.

It has been felt that both elementary and secondary schools have
made it ‘too generally their aim to prepare the pupil for eventual
higher education and have in consequence laid too little stress on pre-
paring him for immediate vocational efficiency: To this may be
attributed the sudden decrease in school registration at the end of
the period of compulsory attendance.

To satisfy. this demand for vocational education of intermediate
and secondary grade numerous technical and industrial schools have
been established and are being established in all parts of the country.

In order to determine the natyre of the mathematicAt™ewrricula of
these schools, and,in particular to determine what mathematics their

~ anthorities consider essential for industrial efficiency, the following
circular was sent to about 40 schools listed in Bulletin IT of the
“ National Society for¢he Promotion of Industrial Education:

-
I. What is the mathematical preparation required of a candidate f6r admis- .
slon to your school? , \

* 2Mnssghasetts Comuileston on indugteial and Technical Bducation. Beport, 1608,  * . i

’
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IL What textbook, if any, do )ou use in each branch of mathematics taught

- lu your schGdl
s HI. Is the mathemiitics in your school similar in scope, content, and wethod

to that fu the ordlnary academlc secondary school ?

IV, 1t it 1s not. is it practical, applied, or shop mathematies?

V. What toples, partg, or subdivisions of nlgebra, geometry, arithmetic, ete.,
do you inciude iu your course In mathemuties?

VI. How much time (hours 8 week, weeks a year, and years) do you m-\ule
to each Lranch of mathematics? ~ -

VII. Can you furnish me with a few specimer problems used by you dn the

varlous branches of your practical mathematles?

\'III Could you gend me specinién examinatlon pnperx which you ha\e set
for your classes in the varfous branches of mathematles?

Replies to these questions were received from 21 of the 40 schools.
It appears from the answers that of these 21 schools g are of college
grade, and hence need not be considered here; 6 are high schools of
the usual type, listed as industrial gchools l)ecause they oﬂ'er a certain
nmount of shopwork; 2 are ~chools for apprentices; and the remain-
ing 11 are really industrial schools. .

The replies may be summarized in part as follows:

I.—Preparation for entrance.

Number
of achooln.
No preparation required for entramee. ... _____________ . ___________.___ 1
Knowledge of the fundamental operations. . ___ . __ . ___. T D
Mathematics of the first /ix grades of the olewment: 1y se Imul_ 5 oomamscencas '3
Mathemutics of the first elght grades___ .. . _________________ . ___"_ o 13
I -Use of teats, g e
It app°nrs that a number of the schools use no text in certain or
in all of the subJe(ts, but that when texts nre used they are®f the
type employed in general secondary schools_ The results in detail
are as follows '
Number of schools using -
Knblocts - —— o =
No text. | Text. Totnl..
- e . —
Elementaryalgebra. ... ... .o L 8 1t 19
Plane geometry......... .. 0 10 b
8olid goometry. ... ... ... . 1! 4 3
Plane tri onomctr) o 5 5 10}
Advanoed salgebra. . ..... 4
Elements of kkaeplnx..,.....i... I X -2 2

MI.—Scope and contunt of course.

Mc')\siwf the schools aim at including in their course the mathe-
matical work ordinarily given in the general secondary school. They.
“ordinarily give in addition instruction in such matters ag' percentage,
mensurat.lon, and the uge. of formulw. '

o . [
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84 . MATHEMATICB IN TECHNICAL SECONDARY SCHQ()L,\‘.

All claim a scope and content of course more extensive than that
of the gcnetn] secondary school,

IN L the worl practical applicd, or shop mathematies?
The .s'choi)]s_u]] claim that it ix eminently so.

VI Problems,

There is « marked difference in the character of the problems suls-
mitted by schools which are merely general high schoolsgith shops

attached and those which are essentially industrial schools. In -
. schools of the former class the problems are for the most part similar

to those found in the mathematical tests used in general secondary
schools. In a long list of problems submitted by a school of this
class, the nearest approach to an industrial problem is the following:

*“TIn a hexagonal nut the distance across the flats is 1) times the
didmeter of the bolt plus § inch. The thickness of the liead is one-
half the distance across the flats. A hexagonal nut is 2 of an inch
on a side. Find the distance across the- flats, the approximate
diameter of the bolt, and the thickness of the -head.™  The problems
submitted by schools of the latter <lnss are apparently drawn from
industrial practice. They involve, however. no mathematies heyond
npnsm'ntum and the arithmetie of the clementary, schools,

If one is to judge the mathematicaldiceds of the secondary indus-’
trial schools gu the basis of the problems submitted in answer Yo the

questionnaire, it seems thmt direct nse ix made of Little mathematics

beyond arithntetic and certain clementary facts of alzrebra, geometry,

and trigonometry. Nevertheless, these schools gpparently cover the .

tradjtional mathematical curriculum of the secondary school. It
would appear that jn the present early stage of their evolution thes®
schools have not yet satisfactorily adjusted the content of their
courses to the eoncrete e\tornnlﬂdvmnmls of the shop, oq1 the one hand,

and the more abstract internal requireménts of gond pcdugogv, on
the other. There are eertain problems frequently arising:in machine-
shop practice which do not appear among the problems submitted,

end which re.luu'o for thorongh comprehension much more than the
usunl mathematieal eourse of the sgeomlary school. The opomtlon

" of “compound indexing” on the milling macljine requires the goln-

tion of a linear indeterminate- équation. Certain operation$ with
the Strew-cutting lathe require the approximate representation of a
given rational or irrationa] pumber by the*eonvergents of a continued
fraction and the determination of the error of the approximation.
The fact that such convergents give the best approximation. obtain-
able by means of rational fractions of denominator not exceeding
that of the convergent is of prime 1mpommee here. Not only this,

- > but the following problem .often arises: To express with as great
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approximation as possmle a given irrational or rational nigmber by

nl
means of 2 product =t pf rational fractions in w hl(‘h Ty Ty, m,, m,
l -

are compnratl\'ely sma]l mtegers
In certain industrial schools mathematics, though definitely in-
cluded in the course of study, is not taught as a separate and distinet

subject. Tt is slmply introduced as tlne student happens to strike ?

some phase of work in the shops or drafting room which requires
the knowledge of a certain fact. The fact is brought Qut for his
immediate use. In thisway he obtains his mathematics.

The question now arises, How much of this instructipn is valu-

able? " How long can. the student, so. taught. retain the knowledge

of the fuets given him! Can he, moreover, apprecinte the facts
bronght to his attention? = .

In the first place, such instruction can hardly develop any orig-
inality on the part of the pupil. In the second place. he has not the
apperceptive mass, from which the various mathematical fyets and
relations can be drmwn out. At best, he can only be made to see that
the statementsrmade to him are plausible. At most, he sees only a
glimmer-of light, and then comes total darkness. When one realizes
Low diffienlt to most pupils are certain propositions in geometry,

. what must one’s judgment. be upon a method of teaching which tries

to impress merely isolated mathematical facts upen the mind—upon
a mind. moreover, which has not heen prepared by constant drill to
recognize intuitively mathematical velations.  The conclusion must
be that such teaching can not give the student power or lasting
knowledge.  Often no better teaching can be done on account of the
lack of, time, but such teaching qhonld not. he do%wnntod as instrue-
tion in mathentatics,

In conclusion it may be said that in schools in which mathematies
is taught as a distinet subject, the gourse has not yef been developed
which will provide thorough and adequate plcpmutmn to attack with
full understanding the problem of the shop. It is doubtful whether
such preparation can be supplied with much less attention to, the
formal and logieal element than is now customarily given.

The instruction in schools which have no separate umthematlcal
course must, in its present condition, at best [)(, regarded as nn
undesirable though possibly necessary concesamn to the demands of
a brief course. ‘

The problem of constructing a course which shall be both mathe-
matically and industrially satisfactory is as yet unsolved, largely
for the reason that the schools of both types are as vet only in an
experimental state.

NER -

1;,\ Practical Treatlse on Gearing,” Brown &ISharpe Manufacturing Co., Providence
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