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MATHEMATICS ‘JN ‘THE PUBLIC AND- PRIVATE
SECONDARY SCHOOLS OF THE UNITED STATES.

COMMITTEE No. IIl. PUBLIC GENERAL SECONDARY
: SCHOOLS.

I. GENERAL REPORT. N

ORGANIZATION.

. The pupils—The puiblic ~ccondary schools of the Unfied States,
usually ealled high schools, receive pupils that have completed an
clementary school course, generally of eight yews. The age of
pupils beginning high-school work is about 14 years. <

The studies of the elementary sehool include arithmetic, geogra-
phy, history, English grammar, literature and composition in Epy-.
lish, with other stadies that vary according to the location of the
schools and with the resources of the coammunities that support them.
These studies do not inelude foreign languagesy except in very rare
instances, .and only occasionally include rudimentary study of
algebra,! the construction or measurement of geometrical drawings.
or models, or the study of geometrical facts beyond a few rules for
mensuration of- simple plane figures and the very simplest solids.
The algorithm for square root is often taught, but that for ¢ybe root
seldom.. * The greatest emphasis and the longest practice aro put upon
commercial applications of arithmetic. %

The_purpose of the high .\‘g‘hﬂ(:l.——T]l(- purpo‘so of high-.sjchﬁol edu-

-cation has generally been twofold-—not only to furnish preparation

for collegze, but also to provide some of the elements of a liberal edu-
cation for those whose formal and directed study is to g no further.

In not a few communities high -schools were established in which

the former purpose was ex@essly waived; hut ‘even in these schools

the gradual broadening of college entrance requirements has com-

bined with the pressure of able and ambitious pupils to establish
college preparation as a recognized purpose of high-school work.

More yecently a new type of high schools has been devised, to furnish

preparation as direct as possible for certain special voeations, not-

ably those of the machinist and the merchant. These will be dealt

with in another report. This report is confined tq high schools of

the general type. ' :

 The word *algehra” in this report includes all arithimetic in whih letters are used to represent numbers,
- : . § L. Rt
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12 MATHEMATICS IN SECONDARY BCHOOLS, -

The length of the course.—The high-dchool course is generally one

"()f four years. The work is usually done in & separate building from

the elementary school, by more highly paid teachers. In tlnnly

settled and poor communit.ies the work is frequently done in the
same building as the elementary school, and even by teachers w

" must give part of their time to the care and teaching of the younger

~ grades. In such eases the period of high-school work is shortef:!cd

. sometimes to two or.even to one year, and obviously can serve only
for the beginning of college preparation, if for any; the pupil must
go to some more central institution to complete tho lu;,h—school work.

Until within a few years the }n«vh-school diploma in the ecity of
Boston was given for three years’ work a postgraduate year being
necessary for the usual college preparation. At present this is no
longer trae in lar"e centers.

In o very few cases the work of the high school has been carried
into subjects usually reserved for college; this, however, can not be
said to present & tendency of actual development to-day. H
* The sir-year high school.—The last few years, however, have scen
a decided pressure for the extension of high-school work downward
into the two upper-grades of the cloment.ary school. The six-year
high school thus constituted had its most telling argument doubtless
from the language teaching, in earlier utilization of the imitative
faculty; it presents, however, great advantages for muthematics,
especially in the possibility of closer correlation of arithmetic nnd
algebra and i in the introduction of intuitional geometry at an appro-
priate age. '

As tlus propoaition has been detailed for congideration in the city
of New York, the gix-year high school would be divided into scpa-
rately organized parts, so that the complete school carcer of a pupll
would consist of six ycars in the elementary school, three years in
the lower high school, and thregyyears in the upper hl{:h school. In
some otler places it has taken@he form of departmental organiza-
tion of the last two years of the elementary school under the direction
of the high-school department heads. In five high schools, which ;
include the two oldest schools in America and a school in one of the
youngest States in the Union, puplls are admitted at the end of their
sixth school year and thesix years’ work is organized as one whole, ‘ d

A separate report on six-year high schools has been prepared by a :
subcommittee upder the chairmanship of Prof. A. 8. Gale. . b

Supemswn —In about a dozen States of this country there is no. "
supervision of high schools exercised throughout the State, either 4
by the government or by any university. Ifi these States the high .
schools are under the direction of the local school board and its exeou-
tive officer, the superintendent. The results are not chaotic, in,
spite of thelack of centralization; for the superintendents and the

’ .,‘., i . = [}
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r ' PUBLIC GENERAL SECONDARY 8CHOOLS. 18 -

teachers.under them confer with their fellows elsewhere and follow

the lead of universities, though not officially related to them, and

of such associations as the National Education Association and their

_SL several committees. .

i Even in the States where the high-school course of study is pre-
scribed by the government or by the State university some latitude
is generally left within which the local ‘authorities can modify the
work, especially for pupils not destined for the university.

The elective system.—In some high schools the pupils are permitted
to choose, with the consent of their parents and under the advice
of their teachers, not only the general aim of their work but the

- 'soera_tn courses of instruction that seem to contribute to that aim,
! just as a graduate student does in a university. A diploma is then
given for the completion ‘of u certain number of units of work— .
generally not less than the equivalent of 20 courses, each consisting

i of 4 hours class instruction per week for 1 year. B o

Lléction by courses.—In most high schools, lowever, an attempt is
-made to provide for varying nims of study by organizing £roups
of studies, with descriptive titles, such as “The classical course,”’
“The English course,” “The commercial course,” and so on. The
State of Maine officially recognizes seven sucl courses in the regular
high  schools,” besides providing . fot agricultural high schools as
separato institutions. o .

State regulation.—Such regulation as that just mentioned is hased
upon State aid to the scliools, or upon the admission of their graduates
to State normal schools or State universities, Communities receive
grants of money from the State treasury on condition that certain
‘conditions of equipment are met and that tho courses of study
suggested by the State authorities are efliciently maintained. In '
cerfain cases State university officials inspect the schools to geo =
that tho instruction is of sutisfactory qlality. '

In many States this dictation and supervision is confined to careful
definition of the subjects of study end of the time that may - be
allotted to them, leaving the grouping into ‘courses” to be done by -
the local nuthorities, This is in line with the plans now in vogue for

elining requirements for admission to college—in which many more

(fgubjects are provided for than any one student can possibly think

it wise to take, so that individual proferences and aptitudes can be
accommodated, and the total achievément estimated by a uniform
‘though somewhat _ artificial standard of replaceable educational N
values. Among studies which all- pupils are expected to includo in
their work are, generally, ] nglish language and literature, history,
and 2 yoars of mathematics, including plane geometry and algebra.

The minimum requirement.—Where the State authorities define .

in detail the various “courses” of study among which the pupil .

. . P
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may choose, algebra and plane geometry generally appear in dll such
courses. This is the case even in such specialized courses as those
labeled ‘“agricultural” o “commercial,” but Mgine excepts the
‘““household arts course,” in which there is only. nzrear of “mathe-
smatics”’ not otherwise described. !

Throughout the countky there is an apparent minimum of over
3 years of mmthematics required;' this includes, however, a year
or so that might properly be classed as elementary school work,
being arithmetic drill of a purely mechanical type, studied \ol('l\
for the sake of its commercial applications. )

The principal—The principal or executive head of a high school '
gives his whole time to administrative duties in the largest schools.

As we pass to smaller and smaller schools wo find that the prin( ipal

~must devote more and more of his time to teaching, until in small $
towns the high-school principal has only a short.time each day for
the duties peculiar to his position. More time is often secured for
them by making him also superintendent of schools, or by combining
all the schools into one institution with kmdervurton clementary,
and high-school departments.

In the absence of general laws regulating the high-school studies.
throughout the State, the principal of a small school has great influ-
ence in changing the character and extent of the work done, some-
times even to the extent of completely changing the aims and
fortunés of the school. An energetic man in this position can always
materially affect the methods of teaching and ihe details of the
material covered, if the subject is one upon which his opinion'is .
definitely formed.

The head of the departmmt of mathematus —Where two ar. niore
are teaching mathematics in one school, the custom is growing of
having one teacher designated as head o_f the department. Some-
times he is selected by the principal, more often by the superin-
tendent of schools or by the school board. His duties include a
more or less definite responsibility for the work in mathematics 3
throughout the school, especially with a view to the coordination i
of parallel courses; he conducts department 'meetings, confers with !
the principal, informs himself as to textbooks and teachers available )

s
{

T ¥]
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]

for future work. His advice or direction is sometimes eoffective -
upon the topics of instruction, generally effective upon the methods,
Cooperation.—The body of teachers, in s high school separately
organized (i. e., not in the'same building with the elementary school
or not having the superintendent of schools as prmcxpal) has little or
@0 influence upon the teaching of mathematics in the elementary
school. A considerable influence* on the other hand, is exerted '
m]pon hlgh-school mathematlcs by the existence of college entrance

T T M. mn wuom,msomnmmmmnﬁm«. April, 1910,




\ 3 PUBLIC GENERAL SECONDARY SCHOOLS, 15 !

standards. Within a few years an additional inflyence has been
the organization of associations of secondary school teachers of
mathematics and of kindred subjects, in which college instructors
have pnrticipntod Less than half of the high schools of the country
are represented in these associations, and their effect seems rather to
have heen the awakening of interest on the part of the teachers than
“actual reform on the part cither of subject matter or of method.

The teachers.—The best of the.high-school teachers of -mathe-
matics, with rare exceptions, have po more knowledge of mathematics
than would be indicated by a 1 year’s course in the calculus. The -
great majority of them have not even thgt, Séandards are, however,
improving, the principal obstacle being ignotance and indifference.
on the part of educational authorities.. This obstacle is more obvious
in States where thero is:no State 11mver<a1ty at tho head of the educa-
tional system, or where there is no State-wide organization of
education.  The city .supezintendent of schools is generally more
an organizer than a scholar, and roprosontq the demand for elemen-
tary education rather than for secondary, for practical education
rather than for college preparation; and- thus far mathematics in
high schools continues to point its signboards toward the univex*ty
As n whole, then, the result is a lack of emphasis on proparatlon of
teachers uf mnthbmntwq In the smaller high schools it is not §
uncommon to find the ‘bright young'girl who was studying solid
geometfy last year teaching algebra or geometry this. '

Racial restriction. ——Throughout the South negroes sre excluded
from the high schools whero white pupils are taught. TIn certain
localities separate high schools are provided for the negroes; work
done in thent i3, with very few exceptions, of a distinctly inferior

. character, .

Promotions.—In about 75 per cent of the high schools promotions
are annual, in the rest semiannual. In the South and in the smaller
schools promotion is more often by class; elsewhere by subject.

THE CURRICULUM,

Directive influences.—The curriculum in mathematics is determined
in general by the mlmission'rcquircmcnts of collegcq This is, of
course, (onf(-ssu]lv 80 in the States in which there is a complete and -
State-wide organization of c(]ucatlon, with- the university recognwed
as. the final stage. It is also true in other States, and even in the
smalle} communities where few, if any, of the pupils may be planning
to go to college, and whero the local school committee disclaim the .

- intention of following university guidance; and it is true of the mathe-
matical curriculum even where it is not true of other subjects of study.
The reason for this 'nan? universal dependence on college definitions
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16 MATHEMATICS IN S8ECONDARY SCHOOLS, 1'

is that mathematics is not otherwise defined by any author;xtv that
the schools feel willing to accept.

The definite and legal enactment of all public high-school courses
of study is in all cases made by the school committee (often called
the school board, or the trustees). Only occasionally does this body
contain members able or willing to decide upon details of a subject "
that seems to the ordinary layman so abstract as mathematics,
Where the definitions of the university are not accepted bodily, the
advice of the principal is generally sought, occasionally that of the
head of the department, or of the special teac hcr of mathematics.

Importance of the textbook.—Thero are States in which the text-
books are prescribed; in one all the textbooks of mathematics are
prescribed as those of a certain author, reliance being placed on the
publishers to keep his productions up to date. Some of the teachers-
replying to the questions of the committee state that no deviations
from the textbooks are allowed ; hut this is doubtless the decree of the
local authorities rather than of the State, and is undoubtedly due to
the unpleasant experience of trying to connect the work of a radical
experimenter with that of a successor incapable of appreciating and
pursuing a wide and uncharted departure from the orthodox course.

Correlation of mathematical subjects with each other.—The different
branches of "high-school mathematics are not in general correlated
with each other, but are pursued one after the other with such differ-
ences of method and of point of view that algebra is often forgotten
by the time geometry is completefl. Of recent years the teachers in
a small number of schools have, of their own accord and with con-
siderable diffliculty, arranged the geometry work so that algebra can
be applied to some of the numerical problems given in illustration of
the metrical theorems. More than anything else the subject of
proportion is treated algebraically. In a still smaller number of
high schools there is a well-organized blending of the different sub-
jects, algebra, geometry, and trigonometry, into a general and pro-
gressive course in mathematics. _ :

The customary independence of these mathematical subjects is
restricted almost everywhere by the requirement that a pupil must
have “passed algebra’’ before he is permitted to begin geometry.

Correlation with science—The mathematics work is little correlated
with physics, though many schools insist on algebra at least, and
sometimes geometry or even trigonometry, before beginping physus
The requirement. of algebra for .chemistry student,s also is not
unknown.!

1 An ideal state of things Is desoribed by Miss Thirmuthis Brookman, as the result of 12 years’ develop-
ment in the high school of Lincoln, Nebr. IIere an “Inspirational’’ half-year course in general sclence
serves as an introduction to a course in mathematics, where each week's work is ' a definite-and clear-cut

tion of a well-proporiioned system,” ineluding algebrs, geometry, and trigonometry. Pupils showing
mpxked nability in the general solende !ntmdwouon are 1o} urged fo enter the work in mthemma -

oW, Janmdey, 1030,
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THE SUBJECT MATTER.

Elementary algebra and plane geometry.—Every regular high school
in the United States: offers algebra and plane geometry for at least
one year cach.  Half of them give algebra for an extra half year; less
than 20°per cent give algebra for two full Years. A very fow schools

. give algebra for two years and a half, and a very few give plane
0 geometry for a year and a half.
Solid geometry, trigonometry, and college algebra—Solid geometry
. for a half year, planec trigonometry (often witl spherical right tri- -
angles, occasionally with the general spherical triangle!) for a_half
year, and advanced algebra, so called, including certain special
topics listed below, for a half year, are given in some of the larger
V Righ schools or in some of the smaller ones that definitely prepare
for college.. ‘

The textbook as evidence—The fact that few of the high-school
teachers of mathematics are thoroughly trained in their subject and
that the subject matter is settled for the most part without their
initiative indicates that the content of the curricalum will be closely
defined by the textbooks used. This is also the comment of publish-
ing houses in discussing new textbool projects: “We must have g
book that the ordinary teacher can follow without change; it is only
the exceptional teacher that can strike out independently of its
guiglance.” : ' . : :
" The kind of textbook in general use up to 12 or 15 years ago,
and the kind .08t widely used to-day, will enable us to define the
subject matter and the methods of algebra, geometry, and trigo-
nometry as presented to more than 75 per cent of the high-school
pupils of the United States.. Hereon is based the following outline.?

THE ORTHODOX SYLLAB'US.
1. Algebra to Quadratics.

’

P4

\

Introductory—Definitions and “axioms,’ discussion of negative
quantities, brief practice in algebraic expression and interpretation,
one or two lessons in the use of algebra for problems so simple that
~algebra adds to their difficulty, . '

The four operations.—Addition, subtraction, multiplication, and
division, completed successively in that order, with formal rules of
manipulation (not necessarily stated in advance); literal and frac-
tional coeflicients- and exponents ‘used; ingeniously involved paren-
theses, brackets, and braces; and expressions sometimes more com-
plicated than most of the pupils will ever aco again, '

! More than s half year i3 taken in this case, - : :
$ For tho purpose of this outiine only, “numbers’ wili be understood as expreased without leiters, and
“‘problenis’’ will be uniderstood as “clothed "’ in words. N R S
! o8’ o 95000-'11'—_2 N LI R B a0, 0%, L S
o = N LT . | wiialiaat e il S B {NCEY :
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18 MATHEMATICS IN SECONDARY SCHOOLS,

..+ Factors.—Fuctoring expressions, such- as "the difference of two
" 8quares, az*+br+c, 22+ y" (often with “‘demonstrations,” as of the
*. cuse wherd the sign is + and 2 is odd); factoring **by parts;” forms

like a*+2% + y*; expressions such as can be obtained from the sim-
pler forms by substituting binomials for ono or more. of the letters.
Usually noapplication is made of these feats except in the reduction
of fractions, and in highest common factor-and least common mul-
tiple, which follow as introductory to fractions.” )

" IFighest common factor and lowest common multi ple.— Iighest com-

““pon factor, first by factoring, then by the Euclidean method. A

demonstration is usually given for this, but is hardly ever assimi-
lated by the pupils.  Not seldom the proof given is applicable only

“to numbers—that is, it will not hold for Jiteral expressions in which,

as is usual, somo of the dividends have to be multiplied and some
monomial factors have to bo saved out. Towest common multiple,
generally by factoring only, with a perfunctory comment on the
method which utilizes the highest common factor.

Fractions—Fractions, with the rules of transformation formally
demonstrated, and the four operations ench completed in its turn.
Expressions of ingenious complexity are handled under each head.

Simple equations and  problems—Simple” equations, that is,
equations of the first degree with one uukén letter, and abounding
in parentheses and fractions; and, at Inst, problems to be solved by
menns. of such equations, exeept that the equations needed for the
purpose are really simple.

Linear elimination and problems.~—~Two-letter linear equations,
including fractional and literal equations; three-letter equations of
the first degree, and occasionally simple four or five letter sots.
Equations solved for the regiprocals of the letters involved. Prol-
lems leading to equations o?‘ the first degree in two or more letters.
Literal equations are scattered at random under this topic and the
preceding one. )

Inference of equations.—The model examples worked ou¢ in the text-
book generally indicate the inference of an equation from the preceding
work by meahs of phrases printed at tlie side, such as “transposing,”’
“‘clearing of fractions,” ‘‘adding to eliminate the z terms,” cte. No
expectation is indicated that the pupil will use any substitute for
thése annotations. v

Neglect of practice in devising equations.—The number of problems

' .given under this topic and the preceding one is generally insufficient

to give real facility in algebraic expression, and their introduction
seems isolated, an interruption in the progress of manipulation,
Haste or neglect at this point is explained by the fact that no topic
is more difficult to test adequately in & written examination than the

3 g »
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devising of equntlonb, and where time i scant it w 1ll be (lcvotod to
topics ‘that show.” : >

Involution and evolution.—Under the title ““Involution” next are
trented powers of numbers and of monomials, and squares and cubes
of binomials; under the ‘title " Evolution™ ure treated square roots
and cube roots of polynomials.” Some details of the theory of expo-
nents are necessarily included under these heads.

Radicals and radical (quations.--Radicals, including the rationali-
zation of binomial (]cnnminnlol\', and the square Toot of a binomial
surd fgenerally  given' without adequate  demonstration); radical
equations, carefully selected or constructed so as’to give, upon ration- .
alization, equations of the first degree.  Extraneous solutions, some-
times declared admissible heeause of the *ambiguous’ sign of the
square root.  Problems again, few in number, leading with suntub]e
choiee of letters to radical equations.

Erponents—Theory' of exponents, without any mention of lugn-
rithms; good correlation with the preceding topice.

II. Quadratics and Beyond.

Quadratics in onc and two unknowns.—Quadratics in one unknown,
first_ without the second term (pure” quadraties) and then com-
p]clc quadratics (‘aflected”’ qumlmtl(s) problems leading to such
quadratics.  Linear-quadratic  pairs, elimination by substltutum
special cuses of quadratic pairs solved by devices suited to each
case; special emphasis on symmetrieal equations,. solved by reducing -
to values for r4+y and z—y. Very few problems. - Literal equa-
tions at random under this topic.

Ratio and proportion—Ratio and pmpmtmn including the tra-
ditional transformations of w proportion; examples of litersl equa-
tions,and of problems to which pmpm(n)n can bt applied if one insists;
no mention of its applieation in’ geometry, and no comment on the
relation of this subject to fractional oquutmns This topie is not
referred to under any other part of the work in algebra. .

The progressions.— Arithmetical progression; fmmulns for the nth
term and for the sum of the terms, any three of the five constants
being given, to find the other two. " g ‘

Geometrical progression; formulas for the nth term and for the
sum of the terms, certain groups of three of (he five constants being -
given to find the other two constants. Formula for the “‘sum of the
series” when the ratio is less than one and the number of terms
mdeﬁmtolv great; recurring decimals. '

Inserting mcans.— Arithimetic and geometric mean; insertion of.
two or more arithmetic or geometric means between two gxyen num-
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20 : MATHEMATICS IN SECONDARY SCHOOLS,

Binomial theorem —The binomial theorenr for positive integral
exponents; proof of the same;® application to powers of a binomial
of which the terms may be complicated with ftnctions, with radical
signs or with exponents that may or may not be positive or integral.

'Formula by which any term of any power may be*written down.

’ HI. Plane Geometry. E.

The five books.—The sequence in all the prdinary textbooks is that
of Legendre; five books, the first on lines, angles, triangles, and other
polygons; the second on circles and the measurement of angles;
the third on proportion (treated as an algebreic subject) and similar
figures; the fourth on areas; tne fifth on regular polygons and the
measurement of ‘the circle. c

Incommensurables.—Incommensurable ratios ‘occur™in Books 11,
III, 1V, and V; in most schools an attempt is made at every one of
these points to master the explanations given in the book. ]

Construction.—Geometrical constructions, to be made as with
Euclid by the use of the compass and unmtrked straightedge, are

.given in a logical place among, the other propositions.  Locus theo-

rems are given, beginning with the bisectors of nngle-a and the perpen-
dicular bisectors of lines in Book I.

Original erercises (*riders”).—Exercises are given® for practice in

the invention of demonstrations similar to those in the text, and in
the application of available theorems to numerical data, These ex-
ercises reach the number of 500 or 600, angl are often accompanied
by suggestive notes or diagrams. They ure for the most part rigidly
confined to subject matter like that in the text, so that successful
practice with them does not add materially to the geometricul infor-
mation of the student.

IV. Solid Geometry.

Order of topfws —This includes successively the following topics:
Perpendicular and parallel lines and planes; dwdral triedral and pol) -
edral angles (including the ratio of mcommomumhln diedrals); equiv-
alenco and congruence among, and the measurement of, parallel-

" opipeds, prisms, pyramids, cylinders, and cones; the geometry of

great-circle diagrams on a spherical surface, with scant reference to
the corresponding polyedral angles at tl ter of ‘the sphere' the
surface and volume of the sphere.

Mensuration theorems.—Development 13\E£nost never used for the

lateral areas of cones'and cylinders, and the assumption that there is

a quantity spoken of as ““the area’’ of a cylinder, conc, or a sphere is
tacitly made (& similar assumption having been made for the “yngth”
of the urcumference in plane geometry), the areas of succdssively

!lnpostchmthhpm(homlmdmt@uhmg . S
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approximating figures approaching this assumed quantity as a limit.
The important distinction between area and volume in this respect
is not commented upon. _

Method of limits.—There are about a dozen places in plane and solid
reometry in which the method of limits is used to deal with the in-
commensurable numbers which have arisen in the work. In nearly
all cases the proofs are so cast that a variable number is determined
in two. different ways independent of each other, and use is made of
the following * Theorem of Limits”: :

“If two variables are equal and cach approaches a limit, the limits
are equal.” o

Pupils seem to {-)Kablc to learn to repeat the words of this theorem
while failing in many cases to appreciate the cogency of the proof in ¥
which it is used. The treatment of limits in geometry is the source
of much discontent not only-among the teachets themselyes, but also
among the university examiners and professors. i

'V. Trigonometry.

c
Introductory.— Definition of the functions of an acute angle; general-
ization to angles in any quadrant. Represeiitation of the functions -
by lines drawn on a unit circle; change in the values of functions from
one quadrant to another.
; Formulas.—Proof of the formulas for the sine and cosine of the

“sum and of the difference of two angles; of the tangent of the sumn and

of the difference; of the sine, cosine, and tangent of the double and

the half of an angle; formulas for the transformation of the sum or

tho difference of two sines or two cosines into products; practice in

the use of all these fornmlas in reductions, )

, Logarithms —Generally logarithms are studied at this point.
Triangles.—Application “of logarithms to computation of a right

friangle; proofs of formulas for an oblique triangle, using trigono-

_metric algebra as much as possible. ‘Sunple applications to survey-

‘ing and navigation, A .
V1. Advanced Algebra.
Topics treated ~Under this head are given various disconnected

topies including: Theory of quadratic equations, with graphs of
y=ar +bz+c; solution of numerical ‘equations of higher degree in

" one unknown, with graphical illustration; occasionally successive

derivatives of algebraic polynomials, geometrically interpreted, are
‘incidentally taken up as far as advisable in utilizing graphs for ex-
iplanation; occasionally trigonometric solutions are given for certain
equations. Choice and chance. Determinants, with practice in reduc-
«tion and evaluation (the multiplication theorem omitted). Indeter-
.minate coefficients. :

[ . 0 [ % ua P . - ° 55 a l v
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Purpose —The solo purpose in this conrse scems to bo to furnish
information that may be useful in later mathematieal study.

Confusion of title—In many schools the latter part of the course in
elementary algebra deseribed previously is st yled “ Advanced algebra,”
This usage is confusing and-should be avoided.

VII. Arithmetic. .
“In addudon to the subjects which are generally recognized as secon-
dary school gtudies, manyhigh schools give a half year in arithmetic,
In smaller schools and in distriets whero the clementary schools ape
not so effective, either on account of short terms or on account of
more recent estublishment of public school education, this is given at
the beginning of high school work; in other schools it is given after
the years devoted to algebra and geometry, and is ealled “Advanced
arithmetic.”  The topics are not inn any respect different. from those
treated in elementury schools, though the problems are somewhat
more difficult and aim afu closer correlution with commercial prac-
tice. There is a dedided purpose to attain facility and accuracy in
routine operations.  Little or no effort is made to treat, arithmetic
as a science, or as having any real connection with the of lier mathie-
matical subjects in high school work,

GROWTH OF THE COLLEGE REQUIREMENT. V
Harvard College as Example.

o

Advance of the last 60 ycars.—The definition which we have just
completed of the subjects of mathematies covered in high school
work represents a very considerable advance over the conditions 60
years ago.  This change ean be well trnced by a stdy of the require-
ments for admission to Harvard College. ]

FEarly textbooks—1In 1845 Lacroix's Arithimetie, Euler's Algzebra,
Davies's First Lessons and his Intrdduction to Geomet ry “to VII of
Proportions” and ““ Algebra to the Extent of Square Root” were re-
quired for admission; this was a larger requirement than was made
at that time by any other New England college. - ‘

In 1866 Chase’s Common School Arithmetic, Sherwin's Common
School Algebra **to Section XXXVIII,” and Hill's Second Book in
Geometry, parts I and II, were required. The algebra require-

~ments so defined omitted radicals and fractional exponents, pro-

portions, and algebraic and geometric progressions. The ‘scope .
of the geometry requirement is considerably less than that of the
subject of plane geometry to-day; it is developed in the textbook

" referred to by first acquainting the pupil with thé facts of geometry,

and then discussing the methods of proof, together with some sug-
gestion of how proofs can be arrived at. . : :
. The next year the metric system was added to the arithmetic
requirement, and algebra was defined as ‘‘through quadratics.” No.
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refarence was made to a particular textbook for these two'subjocts, -
but elementary plane geometry was defined by the “first 13 chapters
of Pieree’s Treatise. " In the next vear the practical use of Jogarithms
(ot the theory) was advised, and was required the following year.
Plective requiramits T 1870, while the old subjects of exanyina-
tion were retained for such "ax chose to take them, an alternative spe-
cifiention was made with a much. reduced requirement in Latin and
Greek and an sinereased  requirement in mathematics. "This in-
duded permutations, prohabifity, determinants, in algebrn; solid
“eeometry s theory and use of logzarithms; plane trigonometry *hy
the analytic ethod 75 elementary mechanies ad Ly drostatics,
‘ For some venrs the experiment was tried of aeeepting plane analytic
weometry ns an examination subjectibut it seems to have been on the
whole unsatisfactory, and within the last 10 or 12 yeurs it has not
been included among the alternative requirements for admission.
Chaties in sichject neatter. —-The textbooks by Thomas Hill, re-
ferred to thove, contained a fow numerieal exercises and *origingls”
(riders), anid did ot rigidy Tinit the sulject by the compass-and-
uler canon: Daviess Legendre, which was much more widely used,
was merely Fuclid 1'(45}'1':”1;:(»\1: it Svas studied mord often s n classie |
documnent than os a seiontific texthook and it contained no originals,
Chauvenet's geametiy, published about 1870, contained good arigi-
' nalss not very eavofully greaded, 281 of them on the five “hooks™ of
' phine meometey. 1t was not until 1875 and thenw only for an “op-
tonal ™ examination. that origimals in‘geometry appeared among the
. requirements for admission to Harvard College; for this the exercises
in Chatvenet's geometry were recommended  as affording u good
preparation, . 6
In the texthooks of algebra 50 years ago much more stress wus
placed on Jogieal exposition than on the solution of problems. The
development of arithmetic, asfollowed in the textbooks of the ele-
mentgey school, was faithfully imitated in algebra, and various
“operations” (some, like the square_and cubs root of polynomials,
Laving no conceivable use, und others mere pedantic elabarations of
methods that.in simpler form were well worth while) were Inboriously
discussed and exploited hefore the use of equations in discussing
“problems was entered upon. U
)y The alzebras of Todhunter and Hamblin Smith, in England, were
followed in America by Wentwortl's Algebra, published about 1881,
The exorcises in” the latter bovk, which were widely commended by
the teachers of the day as “well choggn, numerous, and carefully
graded,” ‘were the selling feature, and the book sprang into great.
popularity at once. The idea was to “learn by doing,” and since
that time the exercises huve been of much greater importance in text-
books and im teaching than before. . .

A}
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Causes of change.—The changes tlips noted in the school work of
algebra and geometry are the result of attempts to take subjects
that were originally a pagt of the college curriculum and adupt them
to the comprehension of high-school pupils.  Abstract discussion
was to be replaced by means for practical drill; the teacher, rather
than the mathemetical scholar, was the arbiter in choosing hooks.
At first he rejected books like Hill's and I*wr\\‘in's. which were actu-
ally better adapted to his classes, for those which had been familinr
to him in his own work in college.  From those the progress was
gradual,” Ten yeyrs ago a prospectus of the two hooks last referred
“to*would havo seemed quite up to date. ‘

RECENT PROGRESS,

The last 17 years.—In the last 10 years changes in the details of
«high-school mathematics have been radical and rapid.'  ‘They nre
largely the result of the active interest tuken in the work-of high-
school teachers by university professors, and of the conference be-
tween high-school men of different localities.  Both of these influ-
ences have made themselves felt through teachers' ussociations. » S0
far as the changes and tendencies referred to have sctually begun to
affect teaching, they appear in recently published texthooks in good

use.  For this reason the committee has examined some thirt ¥ of the .

.recent high-school hooks on algebra, geometry, and trigonometry,
and presents the results of that examination licre,
The order of topics.—In almost all these books goometry is sup-
posed to follow a year's work in algehra, though there aro one or two
_books, whose succeess is still not completely assured, which essay a
eombination of the two subjects. A combination (or “blending ™)
of plane and soltd geometry does not seem to have been seriously
. attempted. | ;
In algebra the order of topics is only slightly varied from the
following: Co ‘
1. Introduction, negative numbers, ete.
2. ““The four operations.”
3. Factors, II.C.F.and L. C. M. by factoring.
4. Fractions.

5. Simple equations and problems,
6. Elimination, linear systems:
7. Powers and roots, exponents, radicals.
8. Quadratic equationa, .

9. Elimination of quadratics,. *~ :
10. Literal equations, generalization, c
11. Proportion, *‘the progressions, logarithms,
"12.-The binomial theorem.

i ! Bos.“ Presont Tendonclts in the Teack ing of Geomotry ™ (In the United States) in A. W, Stamper+y
- Tistory of the Teaching of Goometry, New York, Columbis University (1908). . 5

- LY




O

ERIC

Aruitoxt provided by Eic:

¢
f
f

i

R ——

e i iR Rk o T a1

PURLIC GENERAL SECONDARY SCHOOLS, ' .28

"In geometry the order of development s still mostly that of Le-
zendre, the five beoks of plane geometry being successively polygons,
circles, similar figures, areas, and regular polygons; and the solid-

_weometry order being planes and lines, pulvhedral angles, prisms and

pyramids, and the *“three round bodies.™  Two hooks transpose the
third and fourth books of plane geometry; here and there also 13 shown
a disposition to group propositions in smaller lists than the **books,"?
without, however, changing the order much.

The texthooks in trigonometry agree fuirly, well on the topics
which should be tuken, but dilfer \\l(lt‘l\ in their estimate of the rela-
tive importance of these topies. -

A common Brrangement of topies is the following: Funetions of an
aciete angle: solution of vight trinngles by natural functions and by
lograrithms: functions of any angle; general value of an angle; the
addition and subtrw “tion formulas; formulas for double an angla and
half un angle; the conversion fonnulu.s. and the solution of ‘oblique
tinngle by logaritls, Th addition to these topics, we find the
radian measure, inverse functions, and the Ene representation of
functions, mud, in some books, graphical discussion of functions and
a eareful treatment of the measurement of angles near 07 and 40°,

("m/»lu'ul/ wethods of discussion—For some 15 vears there has
been inercasing pressure for the introduction of Cartesian-coordinates
us an instrument of study in clementary algebra, 1t began to appear
in the sehoolbooks - about 1888 Al hut one of the books hefe
examined niake use of this deviee; sometimes it is given in a separate
chapter,dn one case in an appendix. Tn o fow others it is made an
effective parc of the structure of the sulject. The word *function”
is sometimes used, but-gven without it the work generally begins by

plotting eurves in which 'y ix a non-algebraic funetion of 1, 5o that the .
student gets some insight imto the functional relation.

The graph of w two-letter linear equationis pointed out ax a struight
line, -No proof is given, though one book remarks that the ~“proof
follows casily from the geometry-of similar triangles.””  Eliminafion
of lincar pun\ is illustruted, generally ulso linear- quadratic and
quadratic pairs. No comment {s made, as a general thing, on the
limitation of this illustration to two-letter equations,

In about one-half of the books the solution of a numerical quad-
ratic equation by the use of a stundard paraboly (y=1r%) and a straight
edge ismentioned, und its use recommended us u check on thesolution
obtained by the algebraic process. . .

Com ]mlatwn.—ln spite of the fact that Jolm Perry’s propomhomi
for reform in mathematical teaching have been widely and on the.

whole favorably considered in this country, not one of the textbooks

of nlgebra, and only one of those in geometry, makes any reference -

bo the numbea of sxgmﬁca.nt ﬂgurea i & number s 8 cmermn of t.he
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degree of approximation. None gives any directions for economical 4
methods of computation having regard to the degreo of accuracy
warranted by the data, or gives problems with data appropriate for -
such practice. .

In a geometry textbook of excellent character nnd long use,
problems appear in which the data are such as would soccur under
the actual circumstances described in the problem; but no directions
were given for dealing economically with the diflicultics of arithmetic
thus introduced, and the problems were considered unsuitable by
the schools. In the moro modern books hero examined the data are

- all of the predigested sort (one or two-figure integers). '

In trigonometry the subject of approximate computation in
general, and the fact that only approximate results can be obtained
by the use of trigonometric functions, are rarcly referred to. 3

Checks,—The practice of checking the solution of an equation in |
algebra. by substituting the roots, and checking an algehraic trans-
formation by substituting arbitrary values, appears in elmost all

* the algebra textbooks, In trigonometry the subject of checks for
the solution of trianglé®is not carefully treated—several books grive
no checks except the obvious one for the angles when the sides of the
triengle are given. The topic does not appear at all in geometry-. B
No reference is made anywhere to methods of checking the detuils of
computation; it being nssumed, no doubt, that the matter Kas been
adequatcly treated in the study of arithmetic. The textbooks in
that subject, and tho irresponsible habits of the pupils in computing,
do not furnish good ground for suel an assumption.

Notation.—In algebra there is a tendency to breuk the monopoly
that the letterzhas had in representing numbers whose value is sought.
The symbol 5 for “‘is not equal to” and the symbol = for algebraic

“identity have come intouse. Ingeometry the symbol —is apparently
favored for congruence, instead of =, which already had good author-
ity. For the excoedingly mysterious thing which some authors call
the ‘‘intrinsic” sign of a number, & diminutive plus or minus sign is
sometimes. used. .

The notation of lower-case letters for lines and for lengths of lines
has at last been introduced into elementary geometry textbooks,
to the great advantage of the algebraic proofs® This appears in three _

- of these books, one of which applies it very imperfectly. The same WL
book also. uses lower-case letters to represent the number of degrees
in an angle, though analogy to the unlimited and the limited straight | -

lines would suggest using a capital for both the point and its asso-. i

\.
A ™

T

- oiated.magnitude, the angle. , ;

" Logical terms.—The technical terms of logic are mostly avoided.
‘The term ‘‘reductio ad absurdum” occurs in three; the same thing is

¢plled *“indirect proof” in four others; the ‘‘method of exelusion” is *

pAg. 6l
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" pointed out in three.® ‘‘Reductio ad absurdum” and the ‘‘method
» of exclusion” are both classified as ‘‘indirect proof” in one book,
while ‘“‘indirect proof” and the ‘‘method of exclusion” are both
classified as “‘reductio ad absurdum” in another. One book manages
to avoid all mention of these terms.
2 The logical inverse is cilled the converse in a.ll current textbooks
and there i3 no e'«‘eptlon in these lutest books. The obverse is so
i ~ called in one book, is ¢called the opposite in two others, and is omitted -
in the rest. The (ontrapnﬁlte is so called in one, is called, curiously,
‘ the contradictory in another, and is not menuoned in the rest,
' although one book points out the equivalence of the converse and the
opposite,

The term ‘‘immediate inference” is given and much used in one'
book. Tomothetic position is used for the similarity theorems in
t“ o of these textbooks, but under different names (‘“radially situated,”

“‘in perspective’”), und in only one of them is it systemntlcally used
as a means of demonstration.

Innovations.—The changes in the subject'matter of algebra have
been referred to under preceding heads. Those in geometry are much
less extensive, no doubt because of a widespread belief in the invul-
nerability of the logical structure represented by the successively
(lependent propositions. The treatment of incommensurable mag-
nitudes in geometry seems, in particular, to be protected by sacred
tradition. . .

~The theorem of limits, namely, that §‘if two variables are equal and
each approaches a limit, the limits are equal,” is used systematlcally

. 'in all but two of the books examined, and one of these puts it in an
appendix. '

The similarity theorems are based on the aren theorems in two.
Axial and central symmetry are both usedin three, and neither appears
alone. The idea of syminetry is used for comment and illustration
rather than as a method of attack or as a resource in argument.

A decided innovation is the custom of explaining methods of attack
for new theorems; this is contained in almost all of the newer text-
books.

The word ‘‘congruent” is used in four books, osie of the others
using the old-fashioned phrase, ‘‘equal in all respects.” Only one
of the books using the word ‘‘congruent’’ uses the w0rd “equa.l" in
the sense of ‘‘equivalent.”

In solid geometry also there are few innovations—that is, innova-
tions so far as really popular use is concerned. Among them are
shaded figures or photographs of actual madels, the spherical degree
(or “‘spherid” as one book calls it) as the unit of area on the sphere,

“and the pnsmoxdal formula. Nome.of the books speaks of a ‘“unit of-
.sohd angle,” 1t ls always s “umt ‘of: area on tho sphere.’-’ Somo,' '
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even of the most enterprising of these authors, adhere to the trirec-
tangular triangle as a unit. The prismoidal formula is apparently
not introduced as a means of simplifying the logical structure; it is
rather & new addition to the old task. :

Problems in algebra.—Much more space is given to equations, and
to problems giving rise to equations, as a response to the frequently
repeated contention of teachers, uttered in magazine articles and in
teachers’ associations, that the equation should be the fundamental

. work at least for the first year. In most cases, however, the prepara-

tory study. of transformhations (multiplication and division, factoring,
fractions, etc.) is carried to a degree far beyond what is necessary for
the manipulation of any reasonably probable equations; certainly
beyond what are given during first-year work. The study presents,
therefore, a somewhat .disconnected aspect—first, transformations
treated in A systematic and fairly complete fashion, with a few intru-
give illustrations of the application of them to equations that do not
need .much; then, equations treated as material for practice of a
small part of this manipulation; and, finally, problems, hopefully
sought from newer quarries, designed to show how equations might
arise that could’be managed by this manipulative xkill.

It would probably be easy for a young person of good judgmnent,
engaged in reviewing his high-school algebra, to ledrn that problems
cause the inverition of equations, and that transformations are neces-
sary for the solution of equations. The prominence given, however, to
this systematic development of what must be considered the mechani-
cal side of algebra tends to weaken the interest of the pupil in that
part of the subject that is of most value, not only to him whose educa-
tion stops with the high school, but surely also with the future
student of engineering or of pure mathematics; the study, that is,
of expressing the conditions of actuality in mathematical form, and
of interpreting mathematical results in terms of time, space, and
things. s

The problems in all these books are very plentiful; sometimes the
teacher is warned that the work should not include the solution of all
the problems, and that their profusion is his opportunity to vary
his work from class to class and to specify fresh problems for review
lessons.  While the character of the problems in three of the books is
strictly orihodox, the others take their data freely from: geometry,
physics, and even from engineering and dietetics (1). There is no

. hesitation in utilizing the properties of similar triangles, or the pheno- -
mena of falling bodies; but there is a chaste reluctance to do anything

. more than mention the existence of reasons at the back of the facts -
" and formulas used. Our olﬁ\%lyock problem survives the
. dead and buried hare and hound} the solution in odd elevenths .

of a second continues to. pass without challenge. = =

&
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Long division, square root, and generally cube root of algebraic
expressions are still treated at length, without any comment on the
futility of the pupll’s attempt when the result does nat “‘come out
even.’ !

The comment that an extraneous root of a radical equation can be
made to satisfy the equation “‘by suitably choosing between the two
p()\\ll)lo signs of n square root’’ is passing out of use. :

Problems in geometry.—The number of “original” exercises to

which the pupil is expected to apply his newly ncqmred knowledge"

varies from 600 to 1,200 in plane geometry, and from 300 to 600 in
solid.  Some of them use freely the results of the modern geometry
of the triangle and of projective geometry, but without any intro-
duction. of the corresponding modern methods in the text. One
book, however, includes the nine—point circle, the radical axis, and
the notion of reciprocal theorems in the regular text, but omits all
mention of sy mmetry

Some effort is made to create a *“‘practical” ntmosplmre, nnd .one
or two modern books are rich in nll{lsiong to and illustrations of such
things as surveying, parquetry, and architecture. They are deait
with, however, by the sometimes cumbrous methods of Fuclidean
geometry, instead of by such medns as practical men would use.

The fundamental definitions of - trigonometry appear, and in a
couple of books the tables of natural functions; in one there are two-
place tables, in the other a four-place, whilg in both is used what
seems to bo a three-fizure anglo (degrees, and tenths by interpolation).

Loci.—The definition of a locus is introduced at the very heginning
in ono textbook; in Book II in another; in most of them it appears in

Book I in connection with the theorems about perpendiculars and -
bisectors. In no textbook does the locus of an algebraic equation in’

two varisbles appear, though this would seem a not inadvisable
corollary of the introduction of graphs into algebra. The nbarest
thing to it is the problem to find the locus of a point raoving so that
the figures determining it retain certain numerical properties, as in
the locus of the vertex of o trinngle with-fixed base and constant
pcrlmeto..r. The *real” pmotlcnl” locus problem is still rare; a

type of such is the art'lsnn s way of testing the cross-section of a-

cylindrical core box with a steel square. .
Wlile no reference whatever is made to the locus of an equa-
tion'in the text books on geometry, somgq of the trigonometries use

it in tracmg tho chinges in the values of sine, tangent, etc., as tho_'
angle varies; all of them, however, make some reference to t.he repre- -

sentation of the trigonometric ratios by lines rélated to a unit circle.
Only one comments on the important fact that lmm wo have a lme
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Problems in trigonometry.—The problems in trigonometry telt-
books comprise the proofs of identities and the numerical solution of
equations as opportunities for practice in ‘the transformations of
trigonometric expressions; and also the solutions of plano triangles,

* with applications to questions of surveying, civil engineering, and

navigation. The pupil is expected to remember all the formulas
referred to on page 21. . ,

Spherical trigonometry is usually considered a college subject, but
spherical right (and quadrantal) triangles are often dealt with in the
secondary school. With these the so-called Napier's Rules furnish
the possibility of memprizing formulas, apparently an indispensable
requisite in subjects offered for admission examinations.

Only one of these books mentions the fact that oblique triangles
may be solved by dividing them into right triangles. The idea of
projection and of the angle functions as projection ratios does not

enter into t,hesq books. One book refers to it, but makes little use

of it. :
The solution of obkique triangles comes late, following the addition

. and subtraction formulas. One book gives a geométric proof for the

tangent formula.  Angles are generally expressed in degrees, minutes,
and seconds; twq books have degrees, minutes, and decimals of a
minute, and one has a set of examples in which degrees and decimals
of a degree are used. Few books have a discussion of the theory of
logarithms. Tt is evidently assumed that the student has received
from algebra a knowledge of the nature and properties of logarithms
sufficient for the practical application. to the solution of triangles,
~The use of the augmented characteristic in the case of s negative
logarithm is almost universal.

We find in one textbook theradian measurement introduced on
the second page in the book and no further use made of it, while in
another book it is found well along in the book, where an excellent
discussion of it is given, and frequent use is made of it in equations,
identities, and problems. We find a similar condition of affairs whe
we look for the inverse functions. '

Only one of the books completes the solution of plane oblique tri-
angles before entering upon the discussion of the standard fortmulas of
trigonometric algebra. . . -

EXAMINATIONS.
Before the high school.—Examinations are not generally required
of pupils applying for admission to high school if they have been

advanced through the regular grades of the school system up to that-

-point. Pupils from private schools or from distant communities
are in general examined for admission. _ ‘
_In the high school.—Examinations are required for promotion
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schools replying to our questions pupils atfaining high marks (gener--
ally 90 per cent) in class work ure excused from these Hmninations.
After the high school —Fxaminations are required for pussing
from high school to university except for pupils certified from an
“accredited ” high school; that is, one of which the university lias
oflicially -approved the course of study and method of teaching.
This privifege is continued only to those schools whose pupils bear
out in the main the favorable opinions expressed on their certificates.
Lffect of examinations.—As to the cffect of these several classes of
examinations on pupils and temhom, dinmetrically opposite views’

“aro expressed, the weight of opinion being apparently favorable

50 far as the examinations in thehigh sehools themselves are concerned.
Various modifieations of the university admission examinations: are
suggested, such us permitting the pupil to *ake all Lis books into the
examination room and to use them-as le thovses; the perfection
and extension of the acerediting system is also suggested.
“Acerediting’' - elenmientary schools.—For passing from elementary
schools to high schools a few sugeestions were made looking toward
a gystem similar o the certifying of high-school pupils for college, a
system in which the high schools should maintain an attitude of
friendly criticism toward the elementary schools, testing their work
rather.by its efliciency as preparation for .subsequent study than by a

wﬁttvn examination,
/

-

METHODS

Relative popularity.—In the questionnaire lssued by this (‘ommxttee
12 methods were listed, the names being taken from well-known
books og tho teaching of mathematics.  The replies indicated clearly,
by practice or prvferen( ¢, that five of these methods were most popular

Measurement uml computation.
Laboratory method.
‘Use of models.
Use of cross-section paper.
Individual method. -
Next in order of po]mlmlt\, after a considerable interval, come
the following: g ’
Combination of algebra and geomotry.
Out-of-door work. - o
Paper folding. :
Observational geometry, to procode deductlve geometry.

The least spopular of the 12 suggestions offered were the com-

bination of plane and solid _geometry and of geometry and trlgo-

. nometry; next to them in Ygopularity, curiously enough, is the

“heuristic” method; ‘and, in"view of the noticeable tendency in
recent and wxdely a,dopted bextbooks the mference is unavoxda.ble




O

ERIC

Aruitoxt provided by Eic:

s ‘91"?9,,:_ agd the slide rqlé has not, appeared in high schools,

v

82 : MATHEMATICS IN SECONDARY SCHOOLS,.
1]

that this apparent unpopularity is due to the fact that ‘“héuristic”
is & hard word.

On the other hand, the low position of “observational” geometry
in these reports is significant. A progressive teacher in Arkansas
writes: “‘ We tried a six weeks’ course in observational geometry in the
second high-school year and saved timo by it, but the pupils did not
like it; they were too oll.”  Tha most successful work in observa-
tional geometry has been in schools where it could ho dono by pupils
of 12 vears of age; the six-year high school is probably a necessarv
condition for the best nso of this expedient.

Outdoor work and paper folding depend. on loeal conditions and
individual teachers, respectively. One high-school teacher borrows
a transit from the city engineer every spring. - Paper folding, used
occasionally for svmmetry propositions at the beginning of geometry,
has not been found available for much elso.

‘The combination of algebra and geometry has a wood starft in the

senso that algebra is applied to the discussion of geometry problems
involving numerical relutions, but except in isolnted cases there has
been no blending or interweaving of the two subjects into one,

The five topics listed us the most popular eniphasize tho decided
tendency to cultivate the intuitional side, to utilize sight, touch,
and muscular sense as avenues to the pupils’ intellizence,

Separate problem book.—One or two attempts have been mado hy
publishers to present algebra by means of a manual and an exercise
book scparately, but except for review work this plan is hardly
ever followed. Principles and practice appear not only in the same
.book, but as nearly as possiblo on the same page.

" The use of models.—Models, in most cases made by the pupils
themselves with cardboard. wire, and fine cord, or thread. are very
much used in solid geometry. ,

The model for equivalent parallelopipeds and for the dissection of a
triangle prism into three equivalent pyramids can not generally
be s0 made, and the school owns the patterns, if it is not, so fbrtunate

“&s tocown the right sort of teacher. The spherical blackboard
is generally used.

Squared paper.—(ross-section paper is very much used, generally
for the illustration of c]iﬁinntion, sometimes also for the introducfion
of the idea of function. A considerable opportunity here for the
correlation of algebra and geometry seems to be entirely neglected.
Little or no attempt is made to find approximate sqlutions graphically,
in cases where elementary algebra will not help out. _

‘Computation.—Meunsurement and computation are undertaken in
true schoolroom style. No attempt is made to work to a specified
degrie of accuracy, or-to acquire convenient and systematic habits
of computation, Logarithms are only used in the trigonometry

4
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'mprovement of problems.—Search is being made everywhere for
problems that make a more direct appeal to the interest of the pupil
than the collections handed down by previous generations. Even in
the not infrequent case where these problems are theiselves highly.
improbable as instances of perplexity in human beings, » *me gain is
made by clothing the inventions of the schoolmaster in the words of
people that walk: the streets to-day, and a great many of them are
; “real’’ problems of “practical”’ import.

{ The marks.—The marks by which pupils are ranked and promoted

) are most frequently based on oral recitations and on exercises written
out in the classroom; written examinations at stated intervals and
the teacher’s general estimate of the pupil’s power and achievement -
are alsq utilized for this purpose; and least often exercises written out
at homeé or voluntary original work.

Failyres.—Failyres are reported as low as 3 per cent of the member-
ship of the class and as high as 45 per cent; most of the reports are .
evenly distributed from 5 to 25 per cent. The State superintendent’s
report for New Hampshire is probably a typical result for small hlgh
schools; it contains the following details:

- S=re s ]
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Redults of examinationa.

Number | Number | Per&ent
pamed. failed. falled.

First year elgvbra ...... e el PN L) 385 19
Bocond year algebra ! : ot 45 1
Third year algebral. 668 . 2 3
Plane geometry, Books I and 1 L243 % 134 10
Plane geometry, completed. . 632 px] 3
Solid grometry............ 169 7 4
Advanced arithmetic. .. .. 580 5 L4
TEBONOMEIrY. c.oouvunteniiniiii it e P 84 1 1

1 Second and third year algebra are not consecutive.

All the results reported are likely to give too low an estimate of
the number of failures, mostly because they are tested from the gbint
of view of the teacher conducting the course, and with a yiew to -
deciding whether work assigned has been performed; not by ascer-
taining the pupil’s efficiency in a subsequent course of study for
which his high-school work is a necessary preparation. A special

| ~ report on failures in high-school mathematics has been prepared by

o a subcommittee of which Mr. William Betz is chairmgn.

‘ Unsatisfactory recards.—The pupils’ marks in different, studies are
generally entered on a permanent record, available for reference in
subsequent years. The keeping of these records is an irksome task,
involving a considerable amount of clerical labor after the actual 2 o
teaching has been completed; it is often neglected. So far as furnish-

- ing data from educational experience is concerned, it is practically
' worthless, and will continue to be so until 1t is very much expanded. .
9560°—11—3 : . E
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Valuable details unattainable.—Any investigator consulting a high-
school record would be unable to ascertain whether a pupil is proficient
in numerical computation, in algebraic manipulation, in knowledge
of mathematical facts, in comprehension of successive logical depend-
ence, in mathematical invention and ingenuity. These are presum-
ably the qualities his mathematical studies are to develop. A pupil
at the head of the rank ligt might be presumed to be excellent, in all,
and one at the foot to be a failure in all, though this'is not neces-

- sarily so; & pupil midway between head and foot may have con- .

spicuous: defects in some of these and conspicuous excellencies in
others, and it would bo extremely important to have this fact
definitely known, o _

Educational values.—Again the various educationnl improvements
suggested from time to time, such as the practice of checking numer-
ical work, the use of cross-section paper, the use of a textbook without
full ready-made.demonstrations, may produce results that are not
simed at, which can only be discovered by the isolation of these marks.
In general, such records as these would be indispensable fdr long-
continued educational experiment, or for statistical investigation,

No device suggested.—The great majority of our replies, while
admitting that such a system of records was not in use, were decidedly
in favor of it, but éxpressed great doubt as to its feasibility. The
only suggestions made for the purpose were to the effect that specially
ruled class books (marking lists) would be desirable,

Mathematical museums.—Practically every high school has some
mathematical instruments, models, ete., but mathematical mugeums

. -comparable in any degree with that at Columbia University are.very

rare, even in university towns.

Mathematical clubs for pupile.—Of mathematical clubs to which
the pupil has access, there are very few. There is one at the Stuy-
vesant High School for Boys in New York, and one is promised at
the William Penn High School for Girls in Philadelphia. The
McKinley High School in St. Louis reports as follows:

The Mathematical ¢lub of the McKinley High School haa been organized for three
years. During the earlicr part of the organization the history of elementary mathe-
matics was studicd. Topics were assigned to the different members of the club and
repogts were made upon these. Along with this work mathematical curiosities and
puzzles were presented and discussed, The more recent work has had to do with the
use of the slide rule and all kinds of graphicsolutions; problems were selected that

would show wide use of the slide rule, and other problems to show the value of graphic
.methods. = Mathematical puzzles were continued.

. AIMS.
General culture and college.—The aiin of high-school education, so
far as mathematics is concerned, is generul culture, and at the same

time is preparation for college. There is a slight preponderance of
popularity in favor of the former reply, but the latter is closa enough’
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to it to makeit clear that in the minds of school committees and other °

official bodies, general culture seems to need the sort of mathematics

that is prescribed for admission to college. A considerable fraction—

from 25 per cent in the Middle West to 75 per cent in the Atlantic,

States—include preparation for techmical institutes as a part of
2the purpose that mathematical education is to fulfill.

Not for occupation —Of the careers that teachers are consciously
looking forward to for their pupils, those of the merchant or ac-

- countant, the civil or mechanical enginéer, the teacher, the farmer,
and the “\\dmnn of the house” are frequently mentioned. It may
- well be doubted whether the mathematical trammg received in high

_ schools ﬁivos added efficiency to any degree, in any of these callings;

" that is to say, the effect of the kind formerly acclaimed and now dis-
credited under the name of general discipline; certainly not to any

T greater degree than the snme amount of time and interest applied
1o geology, or chemistry, or. even to music. The pupil learns to solve
algebraic equations, bhut does not apply them to devising balanced
rations for the farm stock out of the crop he raises; ho learns about

‘similar llillllgll‘\ but knows nt so much as his grandfuthor about the

~ thrust on a givder, or about the way of mappifg a river, or of estimating
the amount of excavation in grading the house lot. He is brighter
and keener, because he has been educated, and ho has sclf-reliance:-

r " beeause he has done things by his own thinking power; but he hashad .
nothing directly contributory to the.special knowledge or aptitude
required for these occupations that he may follow—except teaching;
surely he -can teach what he has becn taught, and he does; Thus’
schools nherit.

The college determines the aim of high-school work, —Smce tho high
school does not prepare by means of mathematical teaching for
occupations in which the pupils may subscquently engage, and since

 mathematics as deeined desirable for general culture is doﬁned by the
entrance examinations of the unive xslt), the whkole question of the
aim. of this subject in high schools must be decided by the views of
university people, and*made known, aside from the scanty informa-
tion of catalogues, by .the character of examination questionis. On
this account tho report on examinations will be of great interest.

. The presumption is, then, that the subjects of high-school mathe-

‘ matics contain ihformation and cultivate aptitudes that arc neces-
sary and useful in college mathematical work; or that so far as they
do not do so, they are more useful in other ways than subjects that.'
would do so. This is not true. .

No systematic study of the desiderata.—The' sub]ect of geometry, for .
example, passed down from the university to the high school, con--
.tinued to be tnught with little change of content or method as a

~ consequence of the transfer. There.is no indication that the present .
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syllabus of high-school mathematics has been adjusted by university
professors to the needs of their departments. Nobody#&knows what
parts of it are absolutely necessary for subsequent work in exact.
scipnce, or whether any of the necessary parts could with advantage
bo postponed to the university and replaced by topics of interest
and of greater value to high-school pupils. '

Tho question is not discussed in such a systematic way as that.
Changes that have been brought about, mostly additions, have been
fortunate guesses, proposed by tentative examination questions and

. afterwards reenforced by argument and formal demand. Such are
the locus problem and the *original”" or “rider” in geometry, the
use of graphs in algebra. Within a few years some inconsiderable
omissions have been made, such as the division process for H. C. F.
in algebra, the square root of a binomial surd, and so on; and a
decidedly critical attitude hus been maintained against the traditional
type of problems busgl on highly impractical data. All these
things, while not aimless, can fairly be called tinkering rather than
scientific reconstruetion. ’

Influence of teachers’ associations.—The formation of fssociations
of mathematical teachers, in which university professors are actively
interested, i3 bringing about a different attitude on this subject.
Several of them have prepared and published reports on aims ang
methods in algebra and geometry. The most thorough and scien-
tifio work may bo expected from the committee appointed recently
by the National Education Association to form a syllabus of ele-
mentary geometry. The plans of that committee include an inquiry
into all the considerations that should weigh in determining the
scope of the subject, and its membership is such as to warrant the
expectation of valuable results. A

II. REPORTS OF SUBCOMMITTEES.

SUBCOMMITTEE 1. BOYS™ HIGH SCHOOLS.

In order to obtain material for this report, questionnaires were sent
to 25 bays’ high schools--all that could be found—in various parts
of the United States## Replics were received from 10 of these schools,
and this report is a summary of the information thus received.
Though the number of schools which sent replies to the question-
naires was not large, they include .some of the largest and most
important schools in the United States. Of the 10 schools replying,
one has 2,800 pupils; four have between 1,000 and 2,000; three,
between 500 and 1,000; and two, less than 100. Two are situated in

* the Southern States, three in New England, two in New York, one in

~ Pennsylvania, and two in Maryland.
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e . ORGANIZATION.

" In eight of these schools the departiment of mathematics is organ-
ized with a head usually nominated by the principal of the school,
with the appraval of the superintendent of schools, No informiation
was obtained in regard to the general management of the department.

In six of the schools the teachers of mathematics have to teach
other subjects, and in half of the schools they have work odher than

«=teaching, such as the supervision of athletics, pupils’ organizations, or
journalism, ST

The teachers of mathematics are generally members of some asso-
ciation of teachers of mathematics, and four of the schools report
that these associations have some influence on the teaching of mathe-
matics in the high school. Tt does not appear that there is any
similar influence exerted by the mathiomatical depurtments on the
teaching of arithmetic in the elementary schools. '

The average age of pupils at entrance ix about 14 years; three
schools report the age as 15 years, and one ax 13 vewrs.  In all the
schools the available work in mathematies extends thronghout the
entire school course. The four sehools in the South and in Maryland
report racial restrictions against certain classes of pupils, presumably
against the negro.  Promotions.in seven of these schools are annual,
in three semiannual; by elass in four, and by subject in six. The
reports in regard to the per cent of the wholé number of pupils taking
mathematical courses are unreliable, owing evidently to a misunder-
standing of the question,

'THE MATHEMATICAL CURRICULUM.

The mathematical ‘cupriculum is generally determined by school- -
board courses of study, and these are influenced largely by the
requirements of higher institutions of learning.  Four schools report
that recommendations made by tho principal and approved by the
superintendent have great weight in determining and modifying
the curriculum. '

The different branches of mathematics are correlated in six of the
schools. The correlation generally means some sort. of combination
. of algebra and geometry,. or geometry and trigonometry. In nine
of the schools the course in mathematics is progressive, in the sense
that admission to second-year mathematics is conditioned upon the
-satisfactory completion of the first-year course, and 50 on. Mathe-
matics is correlatod with other studies in about hélf of these schools,
and physies is usually mentioned as such a/study. One school
states that algebra, geometry, and trigono /etry are required of
pupils who take physics. Another school says that the science, -
.. drawing, and mathematics departments -ate working. together by = -
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furnishing problems and explanations which relate to the other
departments. Six of the schools malle a report on the sequence of
topics in the course. Five of them begin with some work in arith-
metic, and then take algebra, plane geometry, solid geometry, and
trigonometry in the order mentioned. Two schuo§ report. spherical
trigenometry and one analytical geometry.

EXAMINATIONS.

" Usually pupils coming into these schools from the clementary
schools of the town or ¢ity are admitted without examination. Al
but two schools require examinations for graduation.  Tn.one school
pupils who attain high rank, 90 per cent or more, are excused from
the examinations for graduation.

Five of these schools secure the admission of their pupils to higher
institution. of learning by certificate, and five by examination.

Opinion is divided as to the effect of these examinations, though a
small mujority of answers seem to indicate that the teachers believe
that the exdminations for graduation and for admission to higher in-
stitutions have a good effect, both on the teaching of mathemnties and
upon the pupil’s attitude toward the subject. In the ense of those

- schools that are not favorably disposed toward these examinations,
it does not appear that any attempt has been made to eliminate tham.

METHODS OF TEACHING.

The laboratory method and the individual method of instruction
are used in very few schools.  Paper folding and outidoor work do not
seem to be popular, but the use of cross-section paper is general. .
Observational geondetry is taught in only a few schools. Some
schools are trying to combine algebra and geometry, and geometry
and trizonometry. . : \

The marks by which the pupils are ranked are based most often on
oral recitations, on exercises written in class, and on written exami-
nations at stated intervals. The teacher’s estimate of the pupil's
power and achievement is also an important factor in determining the
mark. In six school$ written home work, and in eight schools volun-

. tary home work aré also used.

The per cent of failures varies from 10 per cent in one school to 40
per cent in another, but most of the schools report from 15 to 25 per
cent of failures, with an average of 20 per cent for all the schools.

Very little attempt seems to have been made to devise a method of
marking by which it would be possible to determine from the pupil’s
marks or record whether he is proficient in numerical accuracy, alge-
brajec manipulation, knowledge of geometrical facts, comprehension
of logical dependence, or mathematical invention and ingenuity.
Three schools report such a method in use, and one of thesp is the
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largest boys’ high school in the United States; the other schools seem
to-take littlo interest in the subject. One report says that such a
system would be useful ‘““only for the purpose of diagagsing talent.”

Only two schools, both in New York City, havo access to a museum
of mathematical models and instruments.  One school, also in New.
York City, has a mathematical club where ofticers and members are
pupils of the school..

AIMS OF MATHEMATICAL TEACHING.

All the schools report that the aim of mathematical teaching is

‘gencral culture and preparation for college.. Tt is evidently assumed

that ®ither one of theso includes the other.  Seven of the schools also
prepare their pupils for technical schools.

« SUBCOMMITTEE 2. GIRLS' HIGH SCHOOLS.

~The report of subcommittee 2, on girls' high schools, is based on
the results of a questionnaire prepared by the members of Committee
111, and sent out by the Bureau of Education to all the secondary
schools which came within the province of that committee. Replies-
were received from 12 girls’ high and Latin schools. These reports
have been tahulated and, in so far as possible, the facts and opinions
elicited from individual schools on each question have been summa-
rized. While on many points attitudes have proved so divergent that
general conclusions are impossible, the replics as a whole indicate the
general trend of mathematical teaching methods in this small but

- important group of schools.

The field of invostig:y.ion undertaken in the questionnairewas
divided into five main h#ads: Organization, curriculum, methods of
examination, methods of- teaching, and aims of teaching. A careful
examination of the returns in these departments suggested the value
of grouping replies to certain questions by thé geographical sections .
represented, namely, Greater Boston, the Middle States and the
Southern States. This plan was followed wherever there was an
approach to uniformity among schools of each section combined with
marked sectional differences. In certain other instances the main
divergences appeared between the larger and the smaller schools.

" Three schools were represented in the Greater Boston group, five in

the Middle States, and four in the South. _ - -

Summaries have been prepared for each of these groups and for
the entire group of 12 schools. This report will concern itself, in ihe
main, with the entire grour, indicating sectional differences and indi-
vidual peculiarities whenever they appear to be pronounceds =~

. g e e, ]
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Taking up in detail the five main heads covered by the investiga-
tion, namely, (1) organization, (2) curriculum, (3) examinations,
(4) teaching methods, (5) aims of teaching, the facts established and
the opinjons expressed have been: arranged in order under these
headings as follows: :

. X ORGANIZATION.

v

Here the most marked divergenco appears, between the three sec-
tions represented, in the matter of regulative powers attached to the
office of principal. In the Middle States, the principal’s power de-
pends largely upon his personal influence; in Greater Boston he pos-~

.sesses general regulative power within the limits of a course of study
fixed by the school board and acts in conjunction with the school
board; in tﬁe South, on the other hand, the entire responsibility seems
to rest with the principal. In the Pennsylvania schools the principal

éxercises his powerin an advisory capacity, but takesformal action only

by authority of the superintendent of schools. In Greater Boston the
principal’s activity is confined largely to making recommendations to
superior officers of the school hoard. In the South the principal
shapes the policy and guides the work of the mathematical depart-
ment. :
. With two exceptions, and these in the case of smaller schools, the
mathematical departments are organized with a head who is nomi-
" nated usually by the principal, approved by the superintendent and
elected by the school board. In one school, the Cambridge (Mass.)
Girls’ High School, the head is chosen by the teachers of the mathe-,
matical department. A typical method of management is outlined in
the report of the Reading Girly’ High School: ‘“Departmental meet-

ings are held once a week; methods, plans, etc., are discussed ; class

work is'kept parallel; Tepresentative papers of students are submitted

.

to and approved by the head of the department.”
In the Philadelphia High School for Girls the departmental manage-
ment is described as follows:

We hold departmental meetings once & month for teachers of the upper classes. '

At these meetihgs we discuss the textbooks to be-used, the eliminations to be made
* from the texts we are using, the ground to be covered in a given timo (not as a rule less
than 15 weeks), the examinations to-be given at the end of the half year, the needs of
the clasees as determined by the maturity of the pupils and by their previous prepara-
tion; often the needs of some epecial individuals, * * # : }
The head of the department, having but three classes each day, finds time to visit

the other classroonis, and, especially in the casg éf the Yyounger members of the depart-

ment, to regulate the teaching, pastly by suggestion and sometimes by taking charge

- -of the Jesson,

Once during each half year we tey to have & simultaneous test for the pupils taking
" first-year algebrs and one for those taking first-year goometry. * *% % The head

of the department assumes the responsibility for all pupils promoted with conditions _ ‘

-in mathematics, planning their work for them, * # % (5 enable- them ¢o remove
‘ ﬁemdﬁ@ogculpoedxly and succesefully as posible, - ; :

-
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In nine schools, the teachers of mathematics, excepting the depart~

mental head, are required to teach other subjects i order to fill out

 their personal prograims. 1In three sehools the work of mathematics
teachers is confined, in the main, to mathematical subjects.

The schools are practically unanimous in failing to require super-
vision of athletics, journalism, or pupils’ organizations from teachers
of 'mathematics, but in the matter of clerical work they are about
evenly divided in practice, about half of the schools requiring clerical
service from the mathematics teachers. : 3

In four of the schools an attempt has been made to cooperate with
other schools in furthering special aims of pupils. The Philadelphia
Girls' High School makes special provision, at the end of two years
from entrance, for the transfer of girls, whose aims are thereby
furthered, to technical schools. The Girls’ High Schools and the
Girls' Latin School of Boston transfer and receive pupils with great
freedom wjmenever such change,ministers. to the vocational or college -
preparatory needs of the pupil. . :

Attempts to influence the mathematical instruction in the elemen-
i tary schools are made by four of the Girls’ High Schools. This influ-
ence is exerted in two ways—through mathematical associations and
through the personal aflilistions of teachers. The graduates of the
4 Philadelphia Iigh School for Girls, for example, go in large numbers

tu the Normal School and later become elementary-school teachers. -

By personal affiliations with these teachers the mathematical depart-

ment of the Girls' High School of Philadelphia is able to bring con-

siderable influence to bear upon the teaching of mathematics in the .
* cleruentary schools of Philadelphia. : _

N -Exactly.half of the schools report that the mathematical teaching
in them is affected by the higher educational institutions. The
influence thus exerted comes through the admission requirements of
the normal schools, colleges, and technical Mhools; und through the
mutual efforts of college and high-school instructors in mathematical
associations and committee work. Seven of the schools are represented
in such associations and six of these report that such membership has
resulted in a helpful and stimulating influence on the mathematics
tegching of the school. = ~ . - . .

The average age of pupils entering the schools for the fisst time
varied from 13 to 17 years. In two schools the average was 13 years;
in 8iX, 14 years; in three, 15 years; and in one southern school 17 * -
years. The time required for graduation is the standard four years «
of the regular secondagy course. In the Boston Girls’ Latin School’ -

" a8ix years’ course is oﬂ'ged,' the first two years of whichi receive pupils -
- who-would otherwise be pursuing the two final years of the elementary-
school course. The mathematical course, as a rule, qovers the entire
. @ o %0, ®0 ° 65 [ PR s 8
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four years, either as a required or as an elective. In four of the schools
only the course is limited to three years.

Eight years is the normal time allowance assigned to the elementary
course that precedes admission to the secondary-school course, though
in two of the southern schools seven years only are required.

No race restriction whatever is imposed upon candidates for admis-
sion to the schools of the Northern and Middle States, but in the
Southern States none but white girls are accepted for membership.

Promotions in four of the schools are semiannual, in the remainder

annual; in five. schools pupils are promoted by class, in four by sub-
ject, and in two by both methods.

The number of punpils registered in the schools under investigation
varied from 135 to 3,629. 1In the 12 schools thero were a total of
14,650 pupils, an average of 1,221 to each school. Reports of the
per cent of pupils in- the school taking mathepiatics of the several
years were incomplete. 'The summary of the southern group gives
the following averages: First year, 65 per cent;\gecond year, 20 per
cent; third year, 15 per cent; fourth year, 5 per cett.. For the Mid-
dle States the following average is given: First year, 42 per cent; sec-
ond year, 27 per cent; third year, 15 per cent; fourth year, 5 per cent

for one school and 1 per cent for another school. . Inthoe Boston Girls’ °

Latin School the full mathematical course is required from all the
pupils in each year of the course.

“The percentage of the total membership of the school made up of -

graduates varied from 3.5 per cent to 23 per cent. The average per-
centage of the schools reporting on this point was 13 per cent.

MATHEMATICAL CURRICULUM.

In six of the schools the mathematical curriculum is affected by the
admission requirements of higher institutions; it is prescribed in
the case of 10schools by school-board courses of study, which are pre-
pared in the case of 6 of them with the constructive assistance of the
principal, acting in consultation with the head of the mathematical
department. In general the means of modifying the mathematical
curriculum are the same as those by which that curriculum is originally
determined. The same machinery must be set in motion for revision
that was employed for organization and construction. In eight of the
schools an attempt is ntade to correlate instruction among the several
branches of the mathematical curriculum. No general statement of
- the method employed is possible, since in all schools the correlgtion

' i8 informal and depends for effectiveness very largely upon t di-

" vidual teacher. 'The’ subjects are taught, generally, as separate

. -branches, but the materials furnished by one subject are employed in
" another. This is increasingly true of the use of applied problems, °

whichiare drawn from all the ayailable sources.
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a

In eight of the schools a serious effort is made to correlate the mathe-
matical instrugtion with that of the naturally allied branches of
science and drawing. This correlation appears principally in the
use of applied problems from physics and chemistry and in special
instruction in those topics of the mathematical course most funda-
mental to the study of these sciences. The best developed plan

.2 reported was that inuse at the Reading High School, which has worked
out a scheme somewhat in detail, from which the following is quoted:

Mathematics is correlated with the atudy of science in this school, but more espe-
cinlly as regards chemistry and physics.  Problems in chemistry, given from time to
time thrqughout the coume, require the student's ability to make and solve simple
algebraic equations. The college preparatory physics course ‘presupposes a thorough

l, . grasp of algebra and plane geometry in arder to understand the forming of the varidus
i . formulie.  Continual use is also made of this knowledge in solving numerous problems
P o throughout the course, g . :
Matuemarics, * Drawina.
The relation of numbers. ... . -..applied in wmathetic drawing to the size used for a
) " study.

Fractional division. ..., ... .. for copying in reduced or enlarged form, and for size
s T oof component parts,
: Proportion. . .................. used in reference to relation light and dark, or color; .
. . fo proportion the rize and color for distant objects.
i Proportion............. ... .. iy taught in industrial drawing to emphasize fitness of

B ; size and shape for its purpose of use; for weight and -

i tone of units in design; apace relation in reference
f to the distribution of the finished design. -

Proportion.......... ... ... .. used in mechanical and geometrie work; required in

the instruction for working drawings of geometric
wlids, ete.

Problems in mensuration ap- .o
: plied to surfaces....... 7., used-in circular work, and conic sections. .
! Do...... ... ..., used to determine the amount of material for mak-
: ' ) ing models. . .
! Gegprally speaking, admission to a course in any other subject
’ (lo(-.‘i)t depend upon the completion of a given course in ‘mathe-

i matics, except in'so far as failure to pass in & mathematical subject
; - would result in the loss of promotion to the next higher class., Courses
? are often so arranged that in order to take up a particular subject,
l such as physics, a pupil must have reached a specified upper class and
" hence must have completed a certain amount of mathematics. In this’
sense only is admission to a non-mathematical subject conditioned
.- -upon the completion of & course in mathematics. '
Y In 75 per cent of the schools the mathematical course is-progressive, - °
* in the sense that a given course of mathematics must have been com- ..
pleted as a condition precedent to & pupil’s admission to the course of
a subsequent yéar. : N
P The following outlino of & mathematical course submitted by the.
i -~ . High School for Girls of Reading, Pa., is typical of the courses offered:

LR ; 3y PR

St b ek,

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

44 MATHEMATICS IN-SECONDARY SCHOOLS,

by the best schools and is complete for all the subjects offered in the
secondary school mathematical courses for this group:
ARITHNETIC,

Denominsw.numbem. "
Percentage. B2

>y Simple pé‘rc.entage.

Profit and Joss.
Trade Yiscount.
Interest,

N Simple,

"c L] Accurate.

Compound.
Bank discount.
T Taxes,
'Du'tiea. ] . '
Insurance.
Ratio. i .
. Proportion.
Partnership.
Involution. . »
Evolution, /
Mensuration.
Metric system.
Greatest common divisor.
Lenst common multiple.
Review principles preparatory to study of algebra.
Pupils are expected to solve practical problems in any one of (heo rubjects,
ALGEBRA, )
Four fundamental operations,
Factoring.
" . Highest common'factor. Least common multiple -
Fractions.
Linear equations: Numerical, literal,
Problems depending on linear equations of one or ore unknown quantifies,
Graphic solutions,
Radicals, including square and cube root..
Exponents, fractional and negative.
Quadratic equations: Numerical, ljteral.
Problems depending on quadratic equations,
Binomial theorem for positive integral exponents.
The formulas for the nth term, and the sum of the terms of arithmefic and
geometric progressions with applications.

Throughout the course pupils are required 1o tolve numerous problems which in-
volve putting questions into equations,  Some of these problems are chnern from
mensuration, from physics, and from commercial and everyday life.

 PLANE GEOMETRY, . ¥ . .
The' theorems and about 200 original éxercises are studied, Special atrees is laid
upon construction work. About two weeks time is spent on the theory of
“limits. Locus problems are made interesting to the pupil, who s given frequent
opportunity of applying al! the geometric principles taught and of working out
demonstrations for himself. The work is done very slowly at first, and but one-
third of the course is covered the firet term. . '

¢ )
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SoLip GEOMETRY. s o

g The thcorems and constructions of the text are studied. The solution of numer-
ous original exercises, including locus problems, is required *

TRIGONOMETRY.

o Definitions and relations of the six trigonometyic functions as* ratios; circular
measurement of angles. : Proofs of formulas, particularly for the sine and cosine
and tangeut of the sum and difference of two angles, of the double angle, and
the half angle, the product expressions for the sum or the difference of two sines
urof two cosines, etc.  Solutivn of trigonometric equations of.a simple character.
Theory and usc of logarithms. The solution of right and oblique triangles and
practical applications, °

EXAMINATIONS.

In eight of the schools examinations in mathematical subjects
} (mainly arithmetic) are required for admission. In practically all
> B of the schools mathematical examinations are required for graduates
who are candidates for admission to higher institutions. Many of
these institutibns, of course, will receive candidates on certificates of
proficiency furnished by the school. Noncertificated pupils arein all
cases subjected to examination. The schools are substantially unani- -
mous in the opinion that these several classes of examinations have a

! beneficial effect both on the teaching of mathematics and on the
s pupil’s attitude toward the subject. As one teacher puts it: ‘‘The
i ~effect is toward thorouglihess and aceuracy in work. The average |

student dislikes examinations but e§hminatioxls do not make the

student dislike mathematics.” : :

In threo schools only have important recent changes in the depart-
ment of examinations been introduced. Such changes have been in
the direction of exemption of pupils with a high term average from
final examinations and the increase of weight given to the recitation
mark over the examination record. The system of exemption from
final examinations by schools and the substitution of certificates for
| “examinations by the higher institutions are the chief proposals made
i for the -elimination of the various kinds of examinations now in
vogue. They have proved satisfactory where adopted and furnish
an indication of the growing tendency to place less emphasis on the
value of the single formal test furnished by the examination and to
give greater weight to a continuous record covering an extended

R period. :
v METHODS OF TEACHING.

- Under this heading the attempt was made to determine whether -
each of 12 specified methods was in use ini the school making the
repory and also, irrespective of its' adoption, -whether.the person -
" making the report considered that method educationally desirable. -
These replies will be considered in detail, as follows: . , R
i . The “laboratory method ” was in use to & limited extent in a little
..~ more.than one-half of the schools and was considered desirable b

o« Ly
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more than one-half. The *‘heuristic method”™ and the “‘individual
method "’ were in use in exactly one-half of the schools and were con-
sidered educationally desirable by seven schools. Little interest
was manifested in the discussion of ‘‘paper folding” or “outdoor
work,” only two schools reporting these methods as in use and only
three expressing the opirion _that they were of value in'teaching.
Most of the schools employed models and felt that their use was
Justified by the results. Seven schools made use of ‘“measurement
and computation,” and of ‘‘cross-section paper,” while only one
school preceded the study of formal deductite geometry, by *ohser-
vational ’ geometry, although five of the schools believed this prece-
dence to be educationally sound. Six schools teach ““algebra and
geometry™’ somewhat in combination, though in a purely informal !
manner and under the separate captions of algebra and geometry,
Three replies indiate a similar treatment of *‘plane and solid geome- -
try” and of ‘‘geometry and trigonometry.” . i
Opinions expressed in the replies varied as to the ‘‘stage of the |
pupil’s progress at which the emphasis should be placed upon grasp '
-~ of logical relations rather than upon manipulative skill,” from 10
years of age to 15 years of age. The majority of the replies, how-
ever, leaned to the ninth or the tenth school year, indicating that

_ this transfer of emphasis should be made during either the first or the }
second high-school year. , : }
The basis for marking mathematical work appeared to be as fol- . \3

lows: All the schools mark on recitations made orally in class;
only three give any considerable weight to written home work,
whereas all schools make written class work dn important element
in'determining the pupil’s rank; eight schiools allow credit for volun-
tary original work; four give weight to the teacher’s general estimate
of the pupil’s power and accomplishment, and all the replies indicate
that examinations furnish at Iéast a partial basis in the final rank,
-such examinations occurring cither at stated intervals or at the
term’s end. 3
Reports of the percentage of failures in mathematics from various
causes varied from ‘‘percentage of final failures almost 0" to 30 p
cent. The average of failures reported was 13 per cent. i
While only two schools reported methods. of marking from which . (
it 'was possible to determine a pupil’s proficiency in such details as '
“numerical aceuracy,” ‘‘algebraic manipulation,” ‘‘knowledge of
geometrical facts,” ‘‘comprehension of logical dependence,” and )
“‘mathematical ingenuity,” five schools considered such a method :
of marking desirable. 8ix schools, however, were opposed to su¢ch
a system and only one school came forward with a suggestion in any ;
way practicable for registering such records of capacity, in the detail e
- indicated by the questions, This suggestion was an outline of the z,i {

e ———
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¥ ‘method employed by teachers in making their class reports in that
: high school. ‘‘Each teacher makes a report of her classes six times
a year, in which she specifies whether one of the five items mentioned
in which proficiency may be shown or indifference is responsible for
pupil's failure.” 7~ ‘
six of the schools there were available for use, or the pupils had «
access to, collections of mathematianl instruments, model devices
for mathematical instruction. The most notable of sudk collections
is that of the Teachers College of Columbia University, New York.
City. » ' o '

-

AIMS OF TEACHING.

-

)\ In their mathematical teaching, all the schools aim at culture,
as not being inconsistent with the special purposes ywhich the school -
was designed to serve.  Nine of the schools were either wholly or in

. part preparatory for college and three fitted for technical or notmal
schools. o ' ‘ :

In the six occupations listed under ““vocational aims” one school

, gave preparation for the occupation of ‘‘draftsman;’ two for that

- of computer; and five for that of accountant or merchant. There

were no girls’ schools that gave training for the professions of sur-

veyor or civil or mechanical engineering, In addition to the aims
classified three schools directed their mathematical training toward
the equipment of the teacher of mathematics, '

‘

T et et

3. COEDUCATIONAL HIGH SCHOOLS IN

SUBCOMMITTEE
. THE EAST.

!

" Tho questionnaire sent out by the Bureau of Educution, at Wash-_

! ington, for this committee, met with a most generous response.
I The teachers of the secondary schools in tho Northern Atlantic
N States—including Maryland—cooperated most heartily, and several
I hundred replics were received by the chairman. So many and so
; varied were these that a serious difficulty aroso. concerning the col-
lating ot the information there redorded. The district assigned to the
|, committee was divided into sections, and tho replies from a section
e given to each member of the committee for investigation. The com-
mittee worked for many weeks compiling a statistical report which

was sent by the chairman to the chairman of the general committee

on public general secondary schools, to be incorporated in the final

report. - To make a statistical report is fairly easy, but when it comes

to giving a'summary in essay form, it is almost impossible to do the

- subject justice. Tho fact that the answcers to the questionnaire have
.been so many and so varied, and given by so many different indi- _
¥ yidusls, who, of necessity, often have considered the questigns from
[T R T L I R S it
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a narrow point of view, makes it unwise to attempt to collate this
large mass of material in a scientific way. While the reports of all
the members of this committee were excellent, the one by Miss Mary
Gould, of the Roxbury (Mass.) High School, covers so well the con-
ditions existing in all the district, that the chairman has incorporated
it below in this report.

REPORT OF MISS MARY GOULD, OF ROXBURY (MASS.) HIGH 8CHOOL.

The following report is based on data sent by teachers of mathematics in the general
secondary schools in the district assigned to the committee. As the number of pupils
in achools sending answers to queetionnaires varies from 32 to 2,380, and the conditions
differ widely, we shall attempt to give only the consensus of opinion expressed re-
garding:

a. The organization,

b. The mathematical curriculum,
c. Examinations,

d. Methoda of teaching,

e. Aims of mathematical tonchmg

The mathematics department in schools where there sre several teachers of the :

subject is usually organized under a head, who is responsible to the principal. While

- the committee, superintendent, and principal bdve full poger to regulate the instrue-

tiona of all schools in the vicinity, the curriculum and methods of instruction aresel-
dom changed except at the request of those actually enggged in the work.

In the lowest clasd, committees of teachers selected by the head of the department
set the limit to be reached by all djvisions of the class from week to weck, prepare
uniform tests, state which topics are to be omitted and which are to be elaborated more
or less fully than the text. Within these limita, each teacher has freedom of methods.
In the second and third classes the same outline is followed but with.greater freedom.
Tn the highest class tho work is usually in the hands of one teacher and there is little
or no restriction. .

On the teaching staff of the department thereiis usually at least one who teaches only
mathematics, but there are others who teach other subjects also, often science, some-
times English, foreign languages, or history. In the larger schools little or no outside
work in the supervision of athletics, journalism, or pupils’ organizations ‘a expected
of a teacher, although in most cases they have the work which a session room entails.

Most cities and towns in this region have but one secondary school, so that contact
with other teachers and cooperation with them comes mainly through mathematic,
sssociations. By discussions carried on at the meetings of such associgtions the college
indirectly influences the methods of presenting mathematics at the secondary schools.
We regret that the secondary schools do not in their turn help the elementary teacher.

Boys and girls are sent to a secondary school after an eight or nine year course in the
gmdos, at about 15 years of age, to take a four-years’ course (some schoolagive a three-
years’ commercial course). They are usually obliged to take algebra and geometry in
the first and the second years respectively; college students are required tocontinue a
third, and in some cases a fourth, year study of mathematics. . Promotion comes
anpually by class, about 10 to 15 per cent graduating each year.

The curriculum of the mathematica department is largely determined by the object
which the schoo] has in view; in the college preparatory courses the college admission

.. requirements mold the course; in the general and commercial courses, the school

board and principal prescribe such studies and textbooks as secem to lead toward the
ultimate purpose of the pupil. Teachers'may, on the recommendation of the princi-
pal; modify the requirements by application to the echool board. Although corre-
hﬁqn qll the dlﬂamt brenches is not higln]ly deveioped, there iss wndency te make
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!~ . mathematica a progressive subject, and to correlate it with physics, chémisu'y, and
{ mechanical drawing. .

In running thtough the curriculum of this depanxixent, we shall omit an outline of
arithmetic as it is taught first in the grammar grades.
In algebra the order of the topics ia:

First year work. ) .
Fundamental notions and operations, removing and insertion of parenthesis,
simple equations without fractions; symi)olic expressions preparatory to problems,
solution of problems leading to equations of first degree without fractions; factoring
usual cases), highest common factor, including cases which can not be done by
. actoring; lowest common multiple, including some unfactorable cases; reduction
- addition, subtraction, multiplication, and division of fractions, complex fractions ol
medium difficulty, solution of numerical and literal equations of the first d
containing fractions, problems leading to such equations; simultaneous equations
" in two and three unknowns (three usual methods of elimination), both numerical and
literal, problems leading to simultaneous equations. Powers and roots of monomials
squares, cubes, and a few higher powers of hinomials, aquare root of polynomiah and
of numbers. Theory of exponents, simple cases, without formal proof of the laws of
[ exponents, surds, addition, subtraction, multiplication, and division of surds,
i amitting complicated cascs; harder problems than before leading to equations of the
first degree. Purc and affected quadratics, completion of the square and eolution by -
factoring. Numerical quadratic equations and some simple litersl ones. Some of
the simpler cases of simultaneous quadratic equations. Problems leading to all kinds
of quadratics studied. Graphs and graphical methods are used to some extent. The
eim in this course is skill in manipulation, and not primarily to develop logical power.

Geometry, second year work. - .

The usual amount of plane geometry, theorems, constructions, and computations.
In, the prescribed coure. only the mmplest originals, theorems, and constructions
aro required, but a considerable number of numerical examples based upon theorems
proved are required. The subjects of loci, incommensurables, and variables. are
very briefly handled.

+ In the elective (college preparatory) course a much lmE-;;‘n‘umber of originals
(500 to 600), both theorems and constructions, is required. 1, incommensurables,
and variables are required and are fullf' treated.  In this year four periods weekly of
prepared lessons and one unprepared lesson are given’ . :

In third echool year, plane geomeotry is reviewed for half the year by college gr_:-
paratory students, and greater attention is paid to originals, loci, variables. e
usual amount of solid si)eomet.ry (including elementary spherics) with exercises is

P followed for half a year, by those preparing for scientific or technical achools.

- The course in geometry just described is the one usually followed in the larger
schools, but the committee is not willing to say that it is the universl course; in moet
schools, however, geometry is taught either for two whole years, or for parta of two
years. The periods per week are usually three hours if the two whole years are taken
in preparation. It is very hard to get a course which would even approximate a

: "universal one iu this subject, because the methods and the time of preparation vary
i _exceedingly in the different schools.

In the third year all college pre$rau)ry stu‘en&s bave one-half year of algebra,
five perinda a week. The work of the first-year algebra is reviewed, but the harder
examples omitted on first reading are mustly done, and the following new subjects
aro taken up: Theory of exponents and surds completed._ The demonstrations of the

: laws of operation now required. Interpretation of negative, infinite, and zero results

and simple indeterminate forms, imaginaries, harder literal quadratics and simul-
taneous quadratics (all the principal methods of solution), theory of tﬂundntica,
remainder and factor theorem, ratio, proportion, p! eions, binomindl theorem
for positive integers ilpmof by mathematical induction required), simple inequalities, -
. In fourth year for half the dyear the follo subjects are taken: Permutations and -
combinations, method of indeterminate coefficients, resolving into partial fractions
binominal theorem for negative and fractional exponents, plottmq of equations an

- graphs, and theory of equations (the usual amount), including transiormation, Sturm's

theorem, and Homer's method of solving numerical uations of higher degrees.

- In fourth year (second half) the ususl amount of plane ometry, including.

solution of trigonometrical equations, solution of right and oblique triangles, apx

: cations to concretp problema, use of logarithmsand tables, - - -

v
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. Teachers agree that examinations produce unifdfmity in work and prevent marked
divergence in tho inatruction. _ Tests are requited for admission, and forgraduation
as well as during tho courss. .

In development of the subject & teacher is allowed to use any method that brings
reaulta; at times toachers use the laboratary, heuristie, or individual methodg; they
find museums, colored crayons, measurement, and computation, paper folding,
models, and cross-section paper helpful. To some extent algebra is combined with
geometry; solid with plane geometry; and geometry with trigonometry. )

Obecrvational geomotry should procede deductive goometry, but seldom does:
and outdoor work in mathematics is decidedly ‘in its-infancy.

After the pupil has attained some degren of ¢kill in manipulation’ from his first
yoar's work in algebra, emphasis is vlaced on the logical relations found in deductive
goometry and increasingly thereafter in his continuation of algebra. The teacher
judgee of the pupil’s progress by his bral recitations, written home work, written clase
work, and voluntary original work. A greater per cent fail than in any othersubject,
estimates from 10 to 25 per cent being sent ig. While it in desirable to estimate
separately the pupil’s measure of proficiency in'numerical accuracy, algebraic manipu:
lation, knowledge of goometric facts, comprehension of successive logical dependence,

. and mathematical invention and ingenuity, no system of marking has yet been

devised recording such estimates.

Most schools have & hierarchy of aims in their mathematics course; the iristfuction
strives to promote geneml culture, to prepare for college, or technical achool, or if the
pupil is to go out into the world immed intely, 1o suggest the occupation of homemaker,
¢ivil or mechanical enginoer, surveyor, draftsman, computer, merchant, or ‘skilled

-worker in various local manufuctires,

Two topics have been considered by the committee, which were

" “not on the questionnaire: (1) the advisability of separating the yirls

and boys in the mathentics classes; and (2). the ability of the girls
as compared to that of the boys.

There.seems to be no general movement to make such a segregation
of sexes in mathematical classes, although it is almost unanimously
believed.that such a step would be advisable in certain grades of the
work. In the schools whero a large number of boys are preparing to
enter the higher technical schools, the classes in higher mathematics
are composed entirely of boys, and much better work is being done
than in the corresponding mixed classes. Even in the elomentary
subjects it has been found in such schools that better results are ob-
tained if the segregation takes placo early in the course. However,
a strong objection to this schemo has been made by some members of
the committee. It seems to be the general opinion that the average
boy shows more ability in mathematics than the average girl, but also
that he does not work so faithfully. In a mixed class this greater
ability of the boy, and the greater faithfilness of the girl, react most
advantageously on each ‘other. This question of the difference in
ability of the girl and the boy is'a many-sided one. Every teacher
in a mixed school has found in the mathematics class many girls who
could do the work as well as the boy, and who by steady application
to work has obtainad a higher mark than he. - But the average girl

meets the situation at the start with a prejudice “ex matre,” and is

o,
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3 therofore handicupped. Another fact that is noted is this: In ele-
i mentary algebra tho girl does as good work as the boy; in geometry
not neurl) so good. 1n advanced algebra ‘and trigonometry, the boy
shows an ability which is far ahead of the girl. Yet, we are free to
E confess that his greater natural ability is often outclassed by the
_ steady, patient endeavor of the girl  Perhaps it would bo safer to -
say that the girl does not show as great an ability as the ‘bay, even
though she may have it..

The committee finds from tho-replios which were sent in that the
conditions are still somewhat chaotic in many schools—a luck of or-
ganization; crowded curricula; the teaching of algebra’and geometry
"by many teachers who have neither liking for the subjects nor ability
to teach them; the use of poorly prepared text books: and usually

s the use of methods which are mechanical and ill-adapted to the needs
of the present genoration of speondary school students. An honest
effort is being made in many schools to reform these conditions, and
the committee soes sighs of a coming era of saner methods, of better
departmental work, and of closer correlation -of subjects permmmg

; to mathematies. .

' SUBCOMMITTEE 4. COEDUCATIONAL ‘HIGH SCHOOLS IN
THE MIDDLE WEST. ~
” INTRODUCTION.,

Source of data.—In preparing fhis report the committee has secured
data from a number of sources. Reports of various mathematical
associations and of boards of education sand magazine articles have
furnished a great deal of material. Some of the information has been
secured by correspondence. The main source of information, how-
ever, has been the questionnaire sent out by the United States Burcau
of Education. "This questionnairé was sent to every high school in
the Middlo West.!  About 600 replies-were reecived by the chairman.
Theso replies were sent to each member of the commiitee, who ex-
amined them carefully for data on ono or more points of the report.
Tho results of this examination, together with matter secured from .
other sources, aro presented in the following statement.

£ e v e 4
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! ] . . ORGANIZATION.

Departmmts —Except in the high schools of large cities the mathe-
\ matics can not bo said to be organized into departments. Like the
other subjects, it receives the attention made possible by the size of
the teaching force. If this teaching force is small, mathomatics is
_taught by those who have other ﬁubjocts also, ‘In the large high

! The " Middls \Vest " was regarded as {ncluding the States of Ohio, Indisna, l(lch?n llllnoh.thmin. )
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schools a better organization is found. One or more teachers give
their entire time and energy to the teaching of mathematics, and
thus the “department” of mathematics is formed.

- About one-fifth of the replies to the questionnaires state that the
schools have the work in mathematics organized into d}artmants.
The department heads are appointed in some cases by the board of
education, in-others by the superintendent or principal. The posi-
tion is sometimes held by the right of seniority. No special rule de-
termines the mothod of appointment; it usually depends on the wish
of those interested. . 7

The head of the department.—The dutics of the head of the depart-
ment vary. * In some schools Lo has charge of the organization of the
mathematics ¢ourses and must see that the teachers in the depart-
mont effectively present the different subjects. Ile calls moetings of
the teachers of the department, presidés therein, and, subject to the
control of the superintendent and principal, he is in a general way
responsiblo for the work of the department. .

In other schools he is considered a responsible. person on whom
the superintendent or principal depends to carry out his general
policy or some detail which concerns the department as a whole, but
he is not responsible for the organization and has nothing to do with
the class work of other teachers, the superintendent or principal
keeping direct control of that phase of the work. The greater number
of organizations are of this type: : -

Teaching other subjects.—Three teachers of mathematics out of every
five teach other subjects also. About 20 per cent have to do with
athletics and one-half that number are required to do clerical work.
In many of the smaller schools the mathematics is taught by the
superintendent, who must divide his energies between class work and
school supervision, - : :

Transfer of pupils.—Chicago, Cleveland, Cincinnati, and Indianap-
olis are ‘the principal places-reporting the organization of the‘sub-
jects to bo such as to require the pupils to be transferred from one
school district to another. Cleveland, for instance, has a number of
high schools. These high schools do not offer the same courses. A
pupil in one district, wishing to take & certain line of work, may have
to be transferred to the high school of another district, as the one in
his neighborhood may not offer the desired course. On the other
hand, St. Louis offers the same courses in each high school and, con-
sequently, there is no reason for transfers. This is true of most

" cities having more ﬁ 3 one high school. .
> Relation between ica in-the high school and in the grades.—

- High-school mathematics is most closely articulated with the mathe-

matics. of the grades in the smaller schools. In these places, espp-

.. cially if the superintendent has charge of the mathematics dmeo‘
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" the connection is close and the bearing of one on the other is marked. -
In the larger schools the connection is not so noticeablo‘/ While the
course of study is arranged in sequence, and promotions are made on
basis of the pupil’s ability to do the high-school work, there is nothing
more. The high-school teacher of mathematics has nothing to dg
with the instruction of that subject in the grades. With some excep-
tions, he knows little or nothing of the pupil until he is enrolled in
his clugs. About 50 (mostly superintendents teaching mathematics
classes) report that they have direct influence on the grade work..
About 100 state that their influence is indirect; the remainder, that
they have no influence.

" Determination of what is to be Iauth —With few oxceptmm the
university requireiments regulate the mathematics taught in the high

S school. In some States the State board regulates, while in others

the State superintendent has such authority. Naturally the rela-

tions between the university and the high school are not as closs as
between the high school and the grades. The university generally
states the minimum amount of work of good quality “luch will
secure admission for the high-schoo! graduate.

Relations of the universifics and the high schools.—The loudmg
universities have at least one conference a year with the representa-

e ST

4 tives of their aflilinted¥schools. At these conferences mathematics
a sections discuss subjects from the standpoint of the university and
{ from the standpoint of the high school. In many cases joint com-

mittees are appointed to make reports. In this way the two institu-

tions understand each other better than formorlv As a conse-

quence there has been a helpful modification on the part of each.

. The hlgh school realizes more and more that it, as well as the univer-

sity, is entitled to an effective part in the decision of the common

. questions of school life. At one time the university expected the

é- hi;vh school to adapt itself to university requirements; now the lead-

! ing universities do not hesxtate to adapt themselves to the needs of
b the high school.

Associations of teachers of mthematws —There are three kinds of
associations of teachers of mathematics—thesections in the conferences
of ufliliated schools, the sections in the State associations of teachers,
and the associations independent of other organizations. The first
' has been described, the second is similar to it; it will be suﬂxcxent to

' mention one of the third. =~ ~ = :
* The Central Association of Science and Mathematlcs Teachers is

the main organization that has influenced the teaclung of mathematics
in the Middle West. Its members are found in all the States cov-
‘ered by this report. It began under its preseng%a;m in 1902. Spe-
' cially appointed committees have prepared report? on the different
g topws in secondary mathematws, and those report,s havebeen vndely

. i
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distributed. They have had a marked influerice on the high-school
"courses. Reference to the work of these committees is made in
another part of this report.
. The above influences have been partly the tause and partly the
result of the activity on the part of the teachers in the Middle West
in breaking away from the traditional lines in mathematics teaching.
This activity is more or less manifest in all parts of the United States,
but probably.in no place as much so as in this district.

Miscellaneous statistics.—The high-school pupil énters at 14 years
of age. He has had eight years in the grades, which may ha'e been
preceded by another in the kindergarten. Four -years in the high
school are necessary for graduation. ' e

Twenty-five per cent of the reports state that four years of mathe-

matics are offered, 40 per cent three years, and the remainder from =

one to two and one-half years. Whére the schools are large enough
- there are different courses, some of which may require four years,
‘others only one. ‘ ’

The percentage of the pupils entering that grade varies greatly.
The minimum is 1.5 per cent; the maximum 62. The greater part
is from 12 to 25 per cent. 2

No racial restrictior of pupils is made except in a few places near
Mason and Dixon’s line.! ,

In 55 per cent of the schools annual promotions are reported; in 45
per cent semiannual promotions; 25 per cent report promotion by
* classes; 75 per cent promotion by subjects. In nearly every gghool

mathematics is required in the first and second years; in th& third
~ year a number offer electives; 118 report no mathematics in the

- fourth year; 44 report that other mathematical subjects, as commenr

cial arithmetic, mathematics for artisans, etc., are required.
THE JATKEHATICAL CURRICULUM.

Determination of the curriculum.—As s matter of fact, the university
~ is the most influential factor in the determination of the eurriculum.
_Each university or college sets up its own entrance requirements and

admits graduates from high schools whose work meets these require-

ments, and the high school that wishes to stand well tries to conform
to the standard so set up. The mair outlines of the curriculum being
thus virtually fixed, the superintendent, principal, or head of the
department arranges the details of the course, and, finally, the school
~board must give its stamp of approval. » A

: ésnﬁous modificationsgmay -be made, such as the introdyction of
mathematics suited to a commercial course or to manual training.
~ Such modifications are usually introduced by the school authorities

.+ Dolding §tetas and. thé ofirsen el , e £
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act.mg upon the recommendation of members of tBe department of B
mathematics, :
The oubyects taught.—In general the courses consist of anthmeuc,
algebra, and geemetry, and a few schools offer tngonometry and
advanced algebra. In most places these branches are not correlated .
or taught simultaneously, but the prescnbed amount of work in one
branch is completed before another is studied. Correlated work is,
however, to be found in many places. Some of -the schools in t.he '
Middle West have been especially aggressive in this respect. Refer-
ence will-be made to them later in the report. Attempts. have.also
been made to correlate with physics. Manual-training schools hayé*
introdaced courses in mathematics, which it is believed will be more.
helpful to their pupils than those usually prescribed, and commercial

schoolsyare making the sanie etpenmeht
Pron§twn of pupils.—Nearly all the high schools base thé work of -
any ond term on the satisfactory complet,lon of the prescrxbed work
of the preceding term. If his work in mathematics is satisfactory,
the pupil is permitted to take the next term regardless of his success
in other subjects. This marks a decided advance over the condition
which existed a few years ago, when the pupil was compelled to repeat
“his work in all subjects, if he failed in ong, As a rule admission to
other subjects does not depend on mathe#atics in any case except
physics, chemistry, mechanical drawing, and machine-shop work.
The scope of the courses.—The courses. in algebra, geometry, trig-
onometry, and arithmetic are usually.in close conformity with the
‘current textbooks. There are, however, some variations from this,
since in most cases teachers are at liberty to use discretion.as to the
.order and emphasis of topics. As has been stated, attempts have
_ boen made te break, away from the traditional ordor of things, and
‘these attempts have furnished many topics for discussion before the
mathematical organizations. These discussions, in turn, have resulted
jn some modifications, but it is too soon to make definite stut,ements
as to the outcome. It is sufficient for the purposes of this report to
mention the existence -of such a movement and to give in the sequel
its main chnra,ctenstlcs

(a) Algeb_n;a.

Scope of the customary course.—Most of the high schools give a course
in algebra such as is presented in the well-known current textbooks.
~ The details of this course need not be discussed here, but it will'be _ '

sufficient to refer the reader desmng further mformutlon to t.heso o
- textbooks, . - fag

Modzjicatmu propoaed —The dedle West has been espeomlly :
active during the last three years in discussing modifications of the .
- nlgebm conrses. A number of reporta hn.ve been made and the fol-
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{5 inténded to b general enough to include their

main points: . . .

. The work in high-school algebra should consiet of an elementary course given during

! the first year and s more advanced course given not earlior than the third year, after

iy demonstrational geometry. The firat year should tfain pupils in the solution of prob-

. lems by means of tho equation, rather than exercise them in abstract manjpulation.
The later course, covering at least one half year, should include the demonstration:1
work and all topics usually given in elementary algebra. The kind of manipulation
néceasary for advanced work in math®¥matics is best emphasized in this course.

Proposed omissiond.—In oo;xsequenpe of the central idea proposed

for the first year, certain of the topics usually given should be omitted

—and the order of those retained should be changed. Tt hias been sug-
gested that the following topics be omitted in the.first yeor:

" Complicated brackets, g
H.C.D.and L. C. M. by division.

- Remainder theorem.

: Com%licated complex fractions. _

Bimultaneous equations in more than three unknowns.
Binomial theorem. : . ‘
Cube roof of polynomials. . .
Formal study of the theory of exponents.
Extended study and manipulation of radicals and imaginariea.
Equations containing complicated radicals,
Simultaneous quadratics except one linear and one quadratic.
Theory of quadratics. o

-4 proposed order of topics.—The following order of dévelopment of
~ topics has been suggested:

Additional problems; equations; abstract addition. . g .
Bubtraction; transposition in equations; numerical equations; simultaneous . equa-
tions (simple); elimination by addition and subtraction; abstract subtraction; sim-
ple brackets. aF )
Multiplication and division taught together; complicated problems in long division
msay be deferred till later; equations involving multiplication; easy fractions and
fractional equations (monomial denominators); easy involutions; simultaneous equa- |
tions (other methods of elimination). - ¢
Bpecial cases of multiplication with easy factoring.
- Balution of quadratics by factoring. &
Roots and radicals.
Pure quadratics; affected quadmtics by completing the square; simultaneous equa-
tions involving one quadratic and one linear. ’
Multiples and common ®visors by the factoring method; addition and subtraction of
. Multiplication and division of fractions; easy complex fractions.
Harder fractional equations; verification of roots, o
-« - Ohavacter of the ‘problems.—Problems should have a concrete set-
. ting; they should be valusble and come within the scope of the pupil’s
experience;, they should be abundant and, as far as possible, be intro-- .
'+ duced with each topic studied; they should be classified aocording to

.

o

. subject matter, snd most, carefully selected and graded. Iy is partiou-
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1 " larly necessary that such problems be carefully graded beginning with
: the simplest, and that elementary conditions be comprehended.

The second course.—The later course should look upon algebra ns a
study of functions, and the various topics should be treated from this
point of view. This course prepares for college, and need not be taken
by pupils who plan to stop study after graduation from the high
school.! ' °
y ' (b) Geometry. - 4

Scope of the customary course.—Most high schools give a course in
j < geometry: such as is found in the well-known current textbooks, to
which the reader is referred for details of the course. ,

Modifications proposed.——The modifications proposed in geometry
have not been as extensive or as radical m whose proposed in
algebra. A study of the various reports shows that the following
points have been considered and strongly recommended.

The introduction should be a course in construction. This is to
familiarize the pupil with geometrical ideas and, for the time being,
no attempt should be made to develop the formal logical processes.

“A freo uso of assumptions is recommended, yot it is essential
that all propositions used explicitly in a formal demonstration be

: recognized as either previously proved or as belonging to the list

» . deliberately left unproved.” Rigorous proofs should not be
demanded at the beginning. This does not meahn that the demon-
stration should be a loose one; but rather that the exactness which
is usually required in the beginning shall be recognized as a matter
of growth and a result of later work.

Such propositions as *“All straight anglesare congruent,”’ ““All right angles are equal,”’
“Circles having equal radii are congruent,’’ should not be demonstrated, as is usually
attompted at the beginning of & course. It is sufficiént to regard them as direct
inferences. . .

. Propoeitions should be omitted which are obvious, teo difficult, or unusual. List
of omissions: Square of side opposite acute angle, aquare of side opposite obtuse angle,
division in extreme and mean ratio, inscribed decagon, symmetry, theorems on
N limita, incommensurable cases, muxima and minima, sum of squares of two sides
equal to twice the equare of half the third side increased, otc., difference of tho fquares
of two sides, etc., in any trianglé the product of two sides equals the diameter of the
‘circum-circle multiplied by, etc. .

These omissions give opportunity for emphasizing such topics as *congruence of
triangles, similarity of triangles, Pythagorean théorem, propertjes of circles, mensurn-
tion theorems concerning plane figures, propertios of spheres,” 3 :

Solid geometry.—The work in solid geometry immediately follows

" that in plane geometry in many schools, In others a_course in

$ The above statement on algebra is taken almost entirely from the * Proceedings of the Eighth Meeting
of the Central Assoclation of Solence and Mathematics Teachers.” The committes could have quoted almost
thessme staternents from other reports. Speéial mention should be mads of the Iinots report, the Indiadié. . -
report, and the reports from Missourl and Wisconsin, . ’ .
- 1The quotations are from tbe lliinols feport on gepmetry, 1911 . O, o ° &
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more emphasis is laid upon the formal deductive side than in the
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first year. Many teachers develop the notion of functionality by
the introduction of trigonometric functions. ’

(0) Mnth@dcs.

Character of the courses.—Some of the schools report courses in
‘‘mathematics.” This differs from the work usually given, in that
arithmetic, algebra, geometry, and trigonometry are unified. Tha

traditional barriers which have kept these subjects separated have

been broken down. Other subjects, notably physics and chemistry,
arg made a part of this unification. The old_c;ut. and dried forms of
treatment are ignored. As one report states, ‘‘If wo know arith-
metic, algebra, geometry, and trigonometry in their relations to one
another, there will be no hesitation about introducing one sybject
into the. teaching of another wherever such material is needed.”
_The high schools at Lincoln, Nebr., Indianapolis, Ind., and Cleve-

land, Ohio, have been especially prominent in this line of work, the:
first named being a pioneer. Small schools where it is necessary to

combine such departments fis mathematics and physics, or to have

- all the mathematics taught by one_teacher, are among the number -

reporting this plan of work. There is no uniform arrangement of
subject matter in the schools teaching ‘‘mathematics.”  The fol-
lowing statement, however, is representative:

The topics usually considered in the tourses in algebra and geometry are distributed
throughout the entire course on the spiral plan, the more simple.and concrete ideas at
first; the more complicated, difficult, und abstract ideas later. Algebra predomimates
in the first year, geometry in the second. Arithmetical work is carried on throughout
the entire course in conjunction with other tapics wherever it naturally enters. Some
of the trigonometric functions may be made use of in connection with the triangle.!

-

J EXAMINATIONS.
Ezaminations for entrance to the high school—The first year of the

- highschool is regarded as the ninth grade of the local system of graded

schools. A pupil passing the eighth grade can‘enter the ninth just
as one passing the soventh can enter the eighth. But it is different
with pupils entering from another system of schools. In that case
an entrance examination is required. If the pupil is a candidate for
the firsyear of the high school, this examination must be such as
to satisfy the school suthorities that he has a knowledge of the eighth-

grade work; if he is a candidate-for advanced standing, he must show

by examination that he is worthy of advanced credjt. ' Occasionally
-8chools take candidetes on trial. A few Weeks’ test in the classroom

1 The quotations are from & mpdri entitled ** Unifving Mathematic,” in.the *“Procscdings of iha Eightb

" Mgating of the Cétitral Assoctition of Solenoe and Mathematios Teachern.”
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will be regarded in the light of an examination. Arithmetic is one
of the principal subjects in the entrance examination.
4 Ezaminations for entrance to college.—Universities do not give en-
! trance examinations to graduates of their own accredited high schools.
: But if the eandidate for entrance is a graduate of a high school not
' : on the accredited list, an examination is required. The North Central
Association of Colleges and Seeondary Schools has brought it about
that graduates from the strong high schools of this district can enter-
without examination any of the higher institutions of the Middle
i Wost. : ' - ‘
3. Effect of ezamination’s.—We pass next to the consideration of the °
- following question from the questionnaire: “What is the effect of
these several classed of . examinations (a) on the teaching of mathe- -
matics in your school?- (b) on the ‘pupil's attitude toward- the
subject ¢’ ' . _ :

‘The replies are tabulated as follows: To the first, 249 sey the
effect is good ; 24 that it ishad; 54 say it is not noticed. To the second ,
194 say the effect is good; 34 that it is bad; and §3 say that it is not
noticed. It is interesting to note from theso replies that more see
good effects on teaching than see good effects on the pupil’s attitude.

METHODS.

The methods in use—Tho replies to the question concerning the
methods ased in teaching secondary mathematics dor116t always rmake
distinction between “methods’” and “devices.” Those used most are
the labogatory method, individual methiod, measurement and com-
putation, and cross-section paper. The largest number state that
they use measurement and computation. Some of the replies state.
that all these methods and devices wero used during the year.

As already stated, o number of schools make a combination of
arithmetic; algebra, geometry, and trigonometry. It is not to be
inferred, however, that this combination always means correlation.

It may meantheteaching of the sub jerts simultaneously—for example,
geometry threo hours in tho weck and algebra two,

The following special methods or schoolroom devices are taken from
; the reports: '

e 1. Individual problems.
*2. Have the pupils make models. o -
.3. Find the value of z by rolling a disk on a yardstick.
4. Use colored crayoms. 7 : :
5. Small drawing board, T square, and, triangle for each pupil. .
6. Use a ‘‘composite figure” from which the pupil selects material
* to prove various propositions. : - C
. - 7. Make lantern slides from construction ‘problems thoroughly
e
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8. Use stereopticon.
9. Have small sections in the class.
10. Give geometrical drawings first.
11. Complete reviews should be printed on the mimcograph and
- distributed to each pupil. .
12. Pupils should make figures in solid geometry fromn prepared
clay and toothpicks.
13. Use equation balances.
14, Use the transit. _ ,
15. In Book VI use a large sheet of cork and knitting needles,
When logic should.be emphasized.—Of the repltes to the question:
“At what stage in the pupil’s progress should the emphasis be placed
upon his grasp of logical relations ragher than upon his manipulative
skill #”” 40 per cent state that it should be during the second year, 25
per tent the first year,-20 per cent the third year, and the remainder
during the fourth year or “throughout the course.” These data
support the claim of teachers who believe that geometry should be
given during the second year rather than the first. As has been .
stated, this subject is found in most of the schools after one year of ‘
-algebra. ' 4 .
Grading.—Pupils are graded on oral reeitations, written home i
work, written class work, voluntary class work, writtcn examina- B
tions at stated intervals or at the end of the term, and on the teacher’s "
general estimate of the pupil’s power and achievement. Oral recita-
tions are used by nearly everyone, as is shown by the-fact that 550
stated they always considered them. Examinations, written class
work, -and the teacher's general estimate are favored in the order
given. : . ‘-
~ Ezemptions.—In many schools exemptions from examination are
given; that is, if a pupil attains a specified grade, say 90, on his class
work, home wark, etc., he need not take the final examination,
Failures.—The percentage of pupils who fail runs from 10 to 85
per cent.  No other point’¢onsidered in this report presents such ox-
tremes. The greatest number of replies state that 10 per cent fail,
Twenty per cent, 25 per cent, and 15 per cent occur in the order given.
"The replies giving 10 per cent of failures are usually from the smaller
schools where the number is such that the individual pupil can be i
looked after more closely and the pace adapted to his ability. The ot
large, well-organized schools, where the standards are highest, report F
mot Jess than 20 per cent, the number usually being between 25 and
35 per-cent. - - 15 ad™ g .
- Discriminating marks.—The questionnaire asks, ““ATe the methods
of marking mathematics in your school so arranged that it is possible |
', to conclude from the pupil’s marks on record whether he is proficient !
. - in numeriegl accuracy, algebraic manipulation, knowledge of geomet- .
;,;,;-_ﬁcal facts, comprehension .of successive logical dependence, and

e
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mnathematical invention and ingenuity §” Eighty per-cent, report
“No” and 20 per cent “Yes,” though 75 per cent say such a record is
desirable. Some state they include all of these points, though more
empha.sns is placed on one or two than on the others.
Various suggestions were made for securmg such a method of
marking: :
1. Use_ of letters—
Ae, excellent in accuracy.
Mf, fair in mampulation
2. Card system.
3. Grade 20 per cent a3 perfect in each. A
- Mathematical clubs.~—Somo of the large schools have mathematical
} - clubs. Thé Engineering Club at the McKinley High School, St.
Louis, Mo, is typical Its memberslup is limited to 35, and restncted
" to pupils of the junior or the senior ¢lass, whose geneml record is
good and whose interest in mathematics is such. as to cause them to
secck membership. One of the mathematics faculty is moderator
and secs that the efforts of the members are directed along worthy
t  lines. Committees arrange the proggams and see that each one does
his part. It is understood that the sticcess or failure of the semester’s’
work depends on the club and not ot the faculty representative. So
far the results have been very satisfactory.
The following are some of the topics conmdered during one year:
Field work—
Surveys and computations necessary for a proposed ext,ensmn
_ 'of a street railway line, including maps and profiles.
o Surveys for a proposed extension of a city street.
Triangulation, or measurement of inaccessible dxstances
Reports—
+ Principles of bridge building.
Gold mining. C
Ice-making plant. -
Electrical transmission.
Sewage disposal.
Raising of the Maine.
: Points dealing with the construttion of the new bridge, sinking
{ of the new caissons, etc.
. Efficiency of electric batteries. - .
Prob]ems dealing with the aeroplane.

i ' AIKS OF MATHEMATICS TEACHING

O'hamcter of the replm —The information which the committee .
secured from the questionnaire on the “‘aims of mathematics teaching’’ y
| .- is not satisfactory. The statements were in many cases indefinite. . .
E‘ . In view of this fact it seems advisable to tabulste the rephes snd to:. g
Lo make o nttempt at generahzauons. 5 g RS :
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The general atm.—In answer to the question *‘Is the aim of mathe-
matical instruction in your school general culture?’ 400 said “Yes.”

Three hundred and fifty state their aim is to prepare for college; 125

~ prepared for technical school, while 25 do not make such a prepara-
tion.

Preparation for specific occupations.—The replies to the question
concerning preparation for certain specified occupations are as follows:

1. Civilengineer. ... .. ..covanviiiunemiieiain i, ... 47 yes, 29 no,
2. Surveyor..... S5l el o LR o o o SHREEN ol RERPRIR = e 35 ves, 86 Do,
3. Draftaman................. s06000850a5000agbkogg S I P ) 31 yes, 37 ne.
4. Mechanical engincer..................cooii L B 47 yes, 36 no.
§. Computer........ abt gooaGaEs R SRR R e 45 yes, 38 no.
.6, A(_:counumt or mgrehant. ...l D a0BHBO s o 4moape s oo s Bos 171 yes, 81 no.

School teaching, agriculture, housckeeping, oflice work, carpen-
tering, all receive frequent mention in the answers to this question.

SUBCOMMITTEE 5. MATHEMATICS IN THE COEDUCA--

TIONAL HIGH SCHOOLS IN THE SOUTH.

Throughout the South, as in other parts of the United States, the
public high schools that are not especially designed for vocational
ends, as few are, are intended to follow an olunontnr} school course
of seven or eight years. Some of the States specifically prescribo
courses of study necessary for approval by the State inspector. This
approval in many cases is a prerequisite for the allotment of pecu-
niary aid from the State treasury, or for admission to the State
‘university or to the State normal schools.

For the purposes of this investigation a list of questions was sent
to school officials and high-school principals in all parts of this region.
Replies were received from 80 of the persons so addressed. So far
a8 those replies are pertinent, the following conclusions appear.!

ORGANIZATION, \

I 61 per cent of the schools the principal has effective influenco
over the teaching of mathematics. In 47 per cent of the schools
there is a head of the mathematics department or a special teacher
~ of mathematics, selected in three-fourths of the cases by the school

board or by the superintendent of schools, and in the other fourth .

by the principal. The teachers of mathematics have other subjects
to teach in 59 per cent of the cases, have charge of or supervision of
“school athletics, ]oumahsm, or social activities in 24 per cent, and
have clerical work in addition to teaching in 17 per cent.

The school is represented in associations of teachers of mathe-
mat.ik:s in 44 per cent of those replying; the effect of such associa,-

1 Pmucum ol the number of achools replying to the question. . Some onho Questions mxunt-

1N u;vnwgsmwammnupuu.
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tions upon the teaching in the school is in a comparatively small
proportion of cases reported as beneficial.

Theoughout this region separate schools are provided for whites
and for negroes. In some cases the statement is squarely made that
separate schools with identical courses of study are offered to the two

-~ races, but there is a clear implication that in many of the smaller

i communities at least the opportunities for secondary education are
restricted to whites. o

Promoti:zs are annual in 76 per cent of the schools replying, semi-

- annual inthe others; by subject in 44 per cent, by class in 56 per

cent. . . .
4 . The percentago of the whole school membership graduating each
\ * year varies widely, as shown by the following table:
Number of schools reporting. : - g Per cent of pupils graduated.
9.t EOTT 0t05.
| 2l T 6 to 10
| D 11 to 15, 5
| N ‘ 16 to 20 .
Booossenacoaaas® sacaasnnsnss 000000000036 0a0B8e o8seaq 20 or more,

THE MATHEMATICS CURRICULUM.

Course.—The course of mathematics in 87 per cent is determined
by the admission requirements of higher institutions. Decisive
b action is in all eases taken by the school board; the principal is an

influential adviser in 82 per cent and the head or special teacher of
mathematics in 71 per cent. - '

The different branches of mathematics are correlated with each
other in 70 per cent, and the successive years of mathematics are
dependent on the previous years’ work in 96 per cent.  (The replies -
to the former question undoubtedly indicate a higher degree of cor-
relation than actually exists among_ the different branches of the
study. The meaning of the question does not seem to have been
clear.) ' S

Some correlation is found: between mathematics and physics in
58 per cent, and success in the.algebra course at Jeast is insisted upon
for admission to the study of physics in 32 per cent.

Content of the curriculum.—Half n ycar of arithmetic is given in 80
per cent, and an additional half year in a few others, say 3 per cent.
Algebra is given for a year at least in all the schools, for & year and a.
half at least in 40 per cent, for two years in 21 per cent, and for two .
and a half years in 3 per cent. Arithmetic is given after algebra,

. either as review or as “higher arithmetic’” in 14 per cent. “Higher .
> arithmetic”’ as used here means evidently more involved problems - -
and commercial applications of the same principles that are treated
of in ordinary arithmetic, with the occasional addition of such topies
Vo 8 mensuration and square root. There is no indication of any con- .
. tideration of the relative. accuracy of data, of the number of sig-:
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‘nificant figures as indicating the de«'me of approximation, or of any
use of logarithms or the slide rule as an adjunct of the arithmetic
work so-called. :

Plane geometry is given for one year in all the schools, for a year

and a half in 9 per cent of them, and one school reports plane geome-
try for two years. Solid geometry is given for half a year at least in
75 per cent of the schools, and for an additional half year in 6 per
cent. Plane trigonometry is taught in 58 per cent for half a year:
one school reports surveying, three report spherical trigonometry,
one reports analytical geometry

In the reports handed in, physics is quite frequently listed as

mathematical subject.
EXAMINATIONS.

Exaimnauons are set for admission to 69 per cent, for graduation

in-86 per cent, for admission to higher institutions in 20 per cent.

The greater part of the schools are accredited to certain universities

*  after inspection by a State or university inspector, and have their

. graduates examined only for admission to distant institutions whick
do not accept high-school certificates. The custom is growing of
accrediting elementary schools so that their gmduates are admitted
without examination to the high schools in their region. Examina-
tions for promotion or graduation havé quite generally been waived
for pupils whose marks reach 90 per cent in their class work.

More -than 80 per cent of the schools reporting one or more of
these examinaiions as in use consider their effect on both teachers

cally commended and also unsparingly condemned.

METHODS OF TEACHING.

In the replies to the question whether the methods of teadung
named in the following lists were in actual use or were educationally
desirable, the first column’ gives the order of frequency, the second
the order of preference:

- 1. Measurement and computation. 1, "Lnbomtory" method.
2 Use of models. 2. Measurement and computation.
3. ‘*Labomtory " methol, . & Individual method.
* 4. Individual method. 4. Use of models.
5. Use of cross-section paper.- * 5. Uee of cross-section paper.
6. Combination of algebraand geometry. 6. Outdoor work.
7. Pnpet folding. 7. Obeervational geometry to precede de- -
ductive geometry. ©
8. Outdoor work. 8. Combination of algebra and geomolry

9. Observational geometry to precede 9. Heuristic method.

deductive geometry. ! i

10. Heuristic method. 10. Paper folding. A

11. Combmnuon of solid and plane ge~ 11. Combination of solid and plwe ge-
omet.ry ometry.

O

~“and pupils as beneficial. The 90 per cent exemption is enthusiasti- -

12. Combination of geometry and tngo- 12. Combination of goomet.ry ,nd tngb-
nomqlry ‘ h nmtry ’ . .

-
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There is a suspicion that the word ‘‘heuristic” was unfortunately
chosen, and that the word *‘ combination” would have been with ad-
vantage replaced by **interweaving” or *‘blending.” On this account ~
the relative numerical standing of these replies is open to question.

“Inspite of the fact that fewer replies were made to the questiop of de-
sirability than to the question of use, the dwlrabdlt) seems to have been
: considered with care, and the rephes to be independently significant.

] There are occaslonal reports of details of method, such as that
¢ gcomolr) is taught “with applications to algvebm,"‘ihat the work is
made *‘as practical as the textbooks will permit,® that the pupils
make their own models with string and cardboard. Where the
= number of originals given in geometry is stated, it ranges from 100°
to 500; and one teacher statea that 70 to 90 per cent of the time in
B algebra is devoted to problems. - e
5 A school superintendent writes that he hes long suspected that -
‘““much of the algebra game is not worth the candle.” :
As to the question at what stage in the pupil's progress in mathe-
matics emphasis should be placed upon his grasp of logical relations
_ rather than upon manipulative skill, the replies range from the sixth
) grade of the elementary school (11 to 12 years of age), where arith-
metic is the only mathematics in sight, to the last year in the lugh
school, with perhaps a slight pre pondemnce on the second _Year in
the high school, where plane geometry is begun. Oun the whole this
i - question does not seem to have becn carefully considered by our
’ correspondents. -
The pupils are graded on the following grounds, arranged in the
order of frequency
Oral recitations.
- Written class work.
Written periodical tests or term examinations.
The teacher’s general estimate of pow er and achievement.
Voluntary original work. "
Written home work,

The question whether methods of marking were such that the
teacher could infer from the pupil's marks on record whether he was
7 proficient in the several qualities listed below was answered by 45
“ teachers, of whom 60 per cent said that such inferencé was not pos-
! sible; the question whether it was desirable was answered by. 61.

teachers, of whom 60 per cent gave a decnded affirmative. The
quahtxes referred to were: S
I. 'Numerical accuracy. -
. II.. Algebraic manipulation.
* III. Knowledge of geometrical facts.
A Comprehenslon of successive logical dependenca. .
, V. Mathematwal mventlon a.nd mgemuty - e
ueo —11—3 . . ]




66 MATHEMATIOS IN SECONDARY BCHOOLA, B !

- Devices suggested for su¢h a method of marking were specially
ruled marking sheets or class record books. The comment was usu-
ally made that such & method of marking would be too cumbrous.

" Only 2 per oent of the reply sheets received reported that there
were mathematical clubs to which the pupils were admitted; only
11 per cent that there were collections of mathematical instruments,
models, curiosities, or devices for instruction, accessiblo to teachers or
pupils; and these collections wers obvxously in most cases only the
modest outfit of apparatus for instruction.

AIMS.

The aim of the mathematical courss 1n practically all of these
schools, as indicated by ‘the content of the studies, is college prepara-
tion, although 15 per cent of the replies do not acknowledge that aim.
The purpose universally acknowledged is ‘‘general eulture.” Half of -
the schools reply to the question whether preparation for technical
schools is & purpose of their mathematical study, and of these 75 per
cent answer affirmatively.

As to the question for what particular occupations the mathemati- {
cal work of the schools may be considered preparatory, the following
,is the order of frequency: '-

Accountant or chhant
Civil engineer.
~ Mechanical engineer.
Surveyor. - C -
Draftsman. ;
Computer.
Farrger.
Teacher. ‘

Other replies were ‘‘practical work,” trades, ‘“practical finishing
school.” - Many of the schools furnish from their graduates teachers
for the elementary schools of the same region.

-
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SUBCOMMITTEE 6. COEDUCATIONAL HIGH SCHOOLS ON
N THE PACIFIC COAST.

This report is the outestne of an investigation carried on by the
" subcommittee, through a questionnaire sent out from the Burean of =~ '
Education at Washington, D. C., and a somewhat more personal
appeal sent out by the subcommxttee to the public secondary schools '
of California, Oregon, Washington, Ida.ho, Montana, Utah, Colorado,’
Arizona, and New Mexico. y
The subcontnities feels that, although sbout 200 replies were
-receuved much of (c]h@ Mbhnmiou obtained is not pamcn]laﬂy relmbllei,
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beause of the evident carclessness with which many of the answers
were made. This very fact, howsver, leads the comiittes to draw
certain conclusions about the prevailing type of mathematical instruc-
tion in the secondary schools._ Although many of these conclusions
are not particularly flattering ty the teaching profession, we trust
that they may lead some to a betfer appreciation of the present con-
ditions and spur them to more systematic work. This report will
1 follow the general topics as set forth in the questionnaire.

p : . ' . ORGANIZATION.

. The'larger schools naturally have a much more complete organiza-
p tion than tlte smaller ones, which fact leads us to classify the schools,
a into two groupe—those with 150 or more pupils and those with less/ .
A than 150. This classification will in general mean city schoola and
s country schools respectively, although, in tho case of some of the
‘ union schools, we may find some of tlie first class in country towns. /
The larger achools have a mathematics department, usually with -
a department head who is appointed by the school board or superin- -
i tendent at the recommendation of the principal. In no case is the
3 organization very formal, although in the ‘best schools frequent
§{  informal and regular formal meetings of the mathematical teachers
are held. . ' .
.+ In the vicinity of the large cities, notably San Francisco, Los
Angeles, Denver, Portland, and Seattle, the associations of mathe-
matical teachers have a considerable influence on tho methods of
teaching. This is not so much the direct influence of papers read at
the meetings of these associations as the influencs which the writing -
of such papers has on the writer to bring the problem of teaching
“before him in a clear-cut form. In the best schools the majority of
the teachers feel this influence, either directly, or indirectly through
listening to the papers. The asspciations have a beneficial influence
also in bringing about a uniform iuterpretation of tho State university
requirements. These requirements are the strongest influence upon
the content and order of the mathematical instruction, and frequently
papers upon new ‘‘requirements” bring out discussion which leads
to a better understanding of the aim of such changes. Indeed, th
universities welcome such suggestions as the associations are willirig
to offer, and thus these discussions may lead to a better adjustment -
f the. ‘‘requirements” to existing conditions. -
There are many schools which disclaim any influence from the State -
* university. Nevertheless nearly avery sc desires to be accredited
. at the university; and even if this is not abcomplished, the entrance
requirements practically control the content of the courses offered.
In fact, & California State law requires the high schools to offer a
. oourse prepars{ory to the State university. R :
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'

The inflyence of the secondary-school instruction upon grammar-
school work is not very perceptxble, although in some cities where the
principal of the high school is also superintendent of schools he has an
influence over the curriculum of both schools, which naturally tends

toward unifying the aims of instruction. 'This mﬂuence is felt perhaps.

more: through the selection of textbooks than in any other way-
Since the textbooks, once selected, must remain for four years in

-California, and six years in Oregon, a great degree of care is taken in

the selection. The influence of the principals in such selections
is rather strong, because teachers aresoften changed during the period
of use of a book, making it mertwtlcs,ble to rely on their recoms-
mendations.

It may be said that in practlcally all cases the high school principal
exerts the strongest influence in the selection of books, although
his selection is subject to the approval of the board. In Oregon, how-
ever, an ‘‘unbiased commission of marked ability’’ selects uniform
books for the grammar and high schools, thus taking the whole matter
out of the hands of those directly concerned with their use.

Most of the teachers, especially in the small schools where more than
one teacher is required for mathematics, spend a part of their time
teaching other branches, notably science. In fact the student at the
university who looks forward to high-school teaching fits himself to
handle some second sub]ect In a majority of schools, however, the
teacher of mathematics is not required to participate in other school
activities, but it may be said that many do take advantage of the
opportunity to become supervisors of student athletics.

From the standpoint of the tcacher, then, the organization of

_ mathematical teaching in the secondary schools may be characterized

as very indefinite. Although State laws and university requirements
tend to bring before the instructors definite topics for discussion and
thought the reaction on the part of the great majority of the teachers

* i8 very meager. Even where mathematical associations make a few
of their members enthusiastic, the rau® and file of the teachers do not

concern themselves seriously with real problems of teaching.

The ve 7 fact that there were few replies from the large number of *

questionnaires sent out makes it plain to us that many of the.teachers
do not co cem themselves vitally with the advancement of their
profesznon7 It is, however, undoubtedly true that the details of the
work required of the teacher are so near to the limit of endur&nce
that httle time or energy is left for serious thought aboyt methods or
aims,

‘ The formal organization of depattmemts and sdtive interest on the
-part of mathematical teachers are necessarily greatly hampered by

thess conditions, The interest being also somewhat divided between

mathemmtxos and other sulbjecta, mdl the f@sponsxbihty of selectmg
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; books being pamally shlfted to others, produce a passmty on the
: part of the great majority which does not argue well for rapid future
progress in mathematical teaching.

Conditions could be improved by a decrease in the amount of
routine work, such as correctmg papers, and a decrease in the size of
classes. An increase in salaries would also, probably, attract more’
active and efficient men to the profession and thus bring about &
better spirit among the workers. Such changes can not, however,
be expected immediately, and in the meanwhile the mathematical
teachers’ associations and State mspectlon of the schools for the
purpose of accrediting at the State university are the remedial
agencies to which we must look for the advancement of the profession, -

. Most of the sehodls on the Pacific coast are so organized that
L students enter the high school after eight years of elementary training
"at ages ranging from 13 to 15, with an average of about 14.5. The
course. is umformly four years, with four full yeare of mathematics
* offered in most cases. Commercial arithmetic is oﬂ'ergd in some
schools ‘but is usually taken only by pupils who have a business
i career-in view. In most of the schools only two years of mathe-
' matics are required, i. e., elementary algebra and plane geometry.
Those students, however, who are preparing for the’ engmeenng
colleges arq requlred to take four years.
p Promotion in some of the larger schools is semiannual, but in the
smaller ones it is annual. This promotion is umformly by subject

_and not by class, a student being catalogued in that class’ with

which he is takmg the majority of his work. The number of pupils

who graduate from the older scliools is about 10 or 12 per cent of the

memberelnp of ‘the entire school each year, t,hough in some cases the
percentage is as high as 15. :

From the standpoint of the pupils the organization of the schools

is decidedly uniform throughout the Pacific coast States. A four-
> year course, with mathematics available each year, follows eight

years of elementary school work; and promotions are annual and

by subject. This umformlty makes changes from one school to
- another an easy matter for the pupil, and barring the difference in
quality of instruction a stdent need not trouble himself to go to the
larger cities in order to. be prepared for any kind of further study. -
This umformxty of organization, although it is due largely to- the’
definite requlrements of the State university, is also the result of

_public appreciation of mathematical training as an effective means of

'preparatlon for life. 1t is, of course, true that the State laws, which
© require the Stata universities to admit without examinations such

students as come from wcredxted high schools, are largely responsible . -

for th& effort on the part of each school to maintain the requlred_ N

standard A significant faet however, is that. were this law a serious:-
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detyiment to many yowng people, the public has the power to bring
“about the desired change of policy, not only as a State, but as ’
'individual towns, the school committees in wlnch regulate . the T
- policy of tbea high school.
' We may Bonclude then that, although the umvursmes seem to

control the organization of the high schools, yet this,contro] does

not in reality lie with even the State universities, for both public

sentiment and the existing demands of high-school pupils really dio-

tate the terms which the universities shall offer. N

3

THE CURRICULUM.

‘The. mathematical curriculum is usually determincd entirely by
the State university requirements, although the school board offi-
cially determines the question for any given school, and of course
has the authority to offer courses with no mathematics, provided it .
offers ane course preparatory for the State university. Consultation
with the superintendent and principal is the formal method of this
determination, but it is the prevalent custom to accept the subjects
as laid out by the State university. The order and method of
teaching is, however, more within the control of the mathematics
teachers, and can be changed usually by conference with the principal.

- The State universities do not presume to dictate the order of topics
or oven of subjects. It is, nevertheless, true that many teachers

. and principals are greatly influenced by the preference which the
State university professors may have for certain toxts. Thus, if it is
known that the State university staff has used or recommended a
text which presents the subject in a certain order, either that text or
another with a similar order of topics is liable to be selécted by many
schools. Indeed the publishers use the approval of |certain toxts
by the professors as a strong argument for their &dophon in-the high
schools.

Some attempt is made in the larger schools to correlate the alg,ebra.
‘and geometry by teaching both as a continuation of arithmetic,
and making them come under one general topxc raathematics. *
Separate texte are, however, used, and it remains largely with the
individual teachers to bring about any really vital correlation. :
Correlation with physics, hemistry, and mechanical drawing seems i
to be somewhat widespread, but the correlation seems to mean i
chiefly that algebra and plane geometry are required as preparation
for these subjeots, or.that some problems from these branches are
introduced into the algebra and geometry courses. Origmzl exercises

- nrestrongly emphasized, in some cases as many as 500 being worked
5 in the year. Some attempt is ‘made to obtain problems from ‘‘out
. of doors,” but it can hardly be said that t.here are mw praoucal '
e -problems used. .
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We find then, that the mathematical currieulum is determined by

. State authority of some kind, and s ysually only slightly controlled

by individual schools. The interrelation of mathematical sub}eet.s

is not generally brought out, although a few of the most progressive -

teachers are trying to vitalize the work by breaking down the barriers
surroundmg each chapter of the text,.and allowmg the class to move
about in a more unrestricted field, which gives them some concept of
the real uses and significance of mathemamcs For the.mast part,
correlation either among mathematical subjects or between them

- and other subjects, seems to have no very definite meaning to the

majority of teachers. Two causes may be cited as responsible for
this. First, the average teacher has not the broad knowledge of
mathematics beyond his subject which would enable him to appre-

cinte the real significance of the various topics as they arise. Heis -
not, however, wholly to blame for this, because the present conditions _

in secondary education do (,IOt give him time or money with which
to put himself in touch with this broader knowledge. Nor does the

remuneration offered in most schools seem attractive to those who

have spent their time and money in thoroughly preparing themselves
by the more comprehensive study of the subject. Having therefore

no clear-cut understanding of how the subjects might be correlated,

they are at a loss to know exactly what is meant by their correlation.
Another cause is that the textbook publishers and writers, recog-
nizing the desire on the part of the rank and file to have a text which
can be accurately followed page by page, have given us books in
which each chapter opens and closes & topic with as little reference
as possible to othe’%pws Such texts run themselves, when once
set in motion, and call iy little teaching on the part of the instructor.

TUnder these conditiondwe can hardly look for much correlation or
for much deviation from the presented order of topics, except in the
case of n fow of the best schools where an exceptional teacher has

" EXAMINATIONS.

The general tendency seems to be toward fewer examinations an@
toward more than one recitation period for each examination. ~I,xi
mosgt of the schools, pupils are. admitted from accredited gr ;
schods without examinations, and are graduated from the. ,ngh

institutions accept these graduates from accredited high schools
and thus the whole system tends to minimize the mportance oI

«

- become aware of the possibilities of the subject. - L ]

d?.'.«""'

~ scheol on the basis of monthly or bnmonthly tests, rather thiffon a
final examination covering the whole'course in mathematics, or even .
& whole subject. The State universities and many other higher .-

examinations. There is.considerable difference of opinion on the .
part of the teachers in regard to the demrabihty of formal examina-
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tions. Some beheve that they tend to produce superﬁcml work on -

the part of both teacher and pupil, because the real aim of mathe-
matical teaching is obscured by the desire to pass the examination.
On the other hand, a large number express themselves as in favor of
examinations as a means of producing thoroughness, as well as &
. means of emphasizing the aim of teaclung, and of calling to the
attention of the teachers the defects in their methods. They slso

claim for the pupils a larger interest and greater respect for the sub-

ject when examinations are prominent. .
The elimination of final examinations, and even monthly tests, by
means of high standing in daily work, seems to be a universal recom-

mendation with those who advocate the examination as an incentive

to good work. This would indicate that they consider the examina-
tion not so much a good thing in itself, as a spur to good daily work.
If the pupil could be induced to prepare himself thoroughly for the
examination, and then be excused each time from taking it, the
examination would have served its purpose for all. Since, hOWever,
this is impossible, from the nature of the case, there seems to be

little doubt that some sort of examination is necessary, though it be

an evil.
METHODS OF TEACHING.

- The specific methods of teaching mathematics classified as labora-
‘tory, heunstlc, paper folding, etc., seem to have rather vague defini-
tions in the minds of most of the mathematical teachers. The
answers indicated a general use of “‘individual method,” ““mensure-
ment andgcomputation,” and ‘“‘cross-section paper.” A majority
reported ‘‘models’”’ and ‘‘outdoor work,” and Colorado reports the
“use of “‘charts” in the review of geometry. :

There is a decided disapproval of the ‘‘laboratory method’ of
teaching geometry. Practically none of the schools on the Pacific
coast use it, and many express the opinion that it leads to looseness
on the part of both pupil and teacher. Observational geometry is
* also opposed upon the same ground. If the “laboratory method”
and ‘‘observational geometry’ were used as an introduction to the
formal demonstrative geometry, and the mere observation of facts
by the class were only a means of bringing more clearly before the
,pupils what the real conditions are, the method might serve a very
“ valuable end. The prevailing opinion seems to be, however, that
the work tends to degenerate into substituting the evidence obtained
from the observation of concrete objects for the logical proof which
should follow such an observation. In the hands of some instructors
the habit of careful and accurate reasoning ‘may not suffer, but may

rather be benefited from this kind of wark. To ‘the majority, how-

ever, it is a strong temptation to laxness.

Concerning the time for emphasis on logncal reasoning, oplmon is.

‘-omewhm divided between the eecqud yoar and the first half of the
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third. The middle of the second year seems to be the most generally
azcepted time. Thefactthat the second year is the time when geometry
+ " is begun in most of the schools leads us to question whether the opin-
ions expressed mean that the second year is really the time or that,
because geometry is taken at this point, it is therefore the best time
to begin logical reasoning. The fact that logical reasoning upon
- algebraic theorems is somewhat more diflicult than that on geomet-
rical theorems makes it true that very little attempt is made to
force logical reasoning into the first year of mathematics,
It may, however, be true that if high-school mathematics could be
begun with some simple forms of geometrical reasoning we should get
: better results'in all of the mathematical work. This process might
i eliminate from the pupil’s mind the idea that all mathematical gen-
i eralizations can be learned by heart, and thus avoid some of the bad -
' failures in geometry. If we could start the pupil with the idea that
he can and must reasort out the steps in a great deal of his mathe-
matical work, should we not have a better attitude toward those parts
of the work in which reasoning is the only possible method? First
impressions are so lasting that it seems desirable that those first
" impressions should be more in accord with the real spirit of mathe-
matics than to have them so nearly in line with the pure memory
processes of the grammar-school work. Memorizing rules for each
section of algebra is certainly not conducive to conceiving of algebra -
as a generalization of arithmetic. "Some topics now given in algebra
would probably be crowded out by this process, which must of course
be somewhat slower, but in the end the increased power to think
might well compensate for such.topics as algebraic cube root and the
division of long polynomials. The demand by the colleges for the
“notion of functionality’’ ! in algebra is along this line of making
algebra a more logical subject.

All classes of work—oral? written liome work, written class work,
original work, and, the teacher’s gencral estimate of the pupil’s
ability—come in for about two-thirds of the final mark, while the

I formal examination gets credit for about one-third. : o,
i The tendency toward fewer exgminations signifies a decreasing
confidence in the examination as a test of ability. This lack of con-
i fidence, of course, makes tlie- teacher count the examinations as a
! - snialler and smaller fraction of the total mark and advocate the high .
' standard of daily work as a-sufficient test for the final grade.
In regard to disintegrating the marks into numerical accuracy,, .
knowledge of facts, mathematical invention and itigenuity, it may .~
* " be said that thére js no systematic attempt to make such a separa- < *
~ tion. Tt is true, however, that many teachers unconsciously have a
more or less defined method of marking work on this basis.- When
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brought squarely befers us, the details of aueh disintegrated marking
impress most of us as toocomplicated for the rapid work which we
have to do, but with a-special class record book and smaller classes . |
such a system might give us better information than we now get i

#bout a pupil’s ability. It seems probable. however, that, if we

could have the small classes, the intimate acquaintance which we

should then have with the pupils would be a much better basis for
marking than the details of such a system. J
There seems to be a somewhat general feeling that the best teachers [
adopt no particular method of teaching, but try to acquaint them- y
selves with the underlying principles of the subject and with the |
general nature of the pupils before them, and then adopt that method 2
which will accomplish the purpose of the mopent with a reasonable ‘ ;
!

degree of success. Although the answers feem to indicate vague-

ness, on the part of the teachers, in regard to exactly what method {
has been adopted, this is perhaps due to the fact that those teachers :
who have' considered the question of method do not consider them-

selves bound to any specific one. Thbis is probably as true of marking

as of methods of presentation.

AIMS OF MATHEMATICS TEACHING.

" General culture and preparation for technical schools and colleges
are both acknowledged by most of the high schools as the aims of
their teaching. There is a decided desial of vocational aims, such
as civil engineering, surveying, aocounting, etc., although some
schools record all these as secondary airis. K is probably true that
the teachers and principals feel rather strongly on “this point on

5,

-

account’ of the continual demand by pupil and parent for studies e
* which will lead directly to some vocation. The attitude of the teacher 5
has become, rather naturally, that of restrain§for those pupils wha ;

wish to take only such subjects, and even only such topics as will
furnish knowledge in the direct line of a given vocation. The teach-
ers realize, as perhaps pacents and children never'do, that a ground-
work of fundamental principles and processes®ust be laid before any -
success can be attained in the chosen vocation, be it engineering or
accounting. If we should ask the pupils why tHey study their mathe-
matics, and could get a reply for which they had not been coached,
we should probably find more emshaais placed upon the vocational
than the cultural aim. - " e §
_, Although the dim does not always keep itself prominently before 1
- most of us during the details of everyday work, we are evidently
more or less conscious of very. definite gims in our teaching of mathe-,
matics. Were this not true, the attempts to cover certain topics
within certain stated periods, and the change of texts for the purpose -
.. of 8 better presentation of what we think is desirable, would not
i< concern ‘us very deeply. These aims may m/ many casgs be only - .
B SO W E e 2 » ] vy . . C




- prepagation for some college. or teehnical school, but general culture

- sight into the conditions of the Pacific coast schools which, although

. valuein feeling the pulse of the whole country. Any opinion in regard

- serious obstacle to the improvement of these conditions seems to be

.this, there is little-to build upon, either in improving méthods or

. in the teachers before we can expect to find much progress toward

- but if that be the whole equipment, he is not yet a teacher, any more

_COEDUCATIONAL HIGH SCHOOLS ON THE PACIFIC COAST. 1§

has a prominent place in the minds of most of the thinking teachers.
On the whole the results of this investigation have given us an in-

very disappointing in many respects, is sofficiently general to be of

to the best remedy for the present conditions is hazardous, but the
committee feels justified in calling attention to the fact that the most

]+ 'k of professional attitude on the part of the teachers. Lacking

changing aims. This professional attitude may be said to\consist of
two essential features: First, a broad and thorough knowledge of the
subject beyond the borders of the immediate topic in hand; second,
and fully as important, a systematic and intimate knowledge of the
fundamental principles of modern mathematical pedagogy. Regard-
less of the reasons why the rank and file of the teachers of mathe-
matics do not possess this-equipment, the desire for improvement
which would come from such a professional training must be instillji’

better conditions. It is, of course, true that a teacher should be
first a man or woman possessed of the highest type of moral character,

than he is a physician or alawyer or a preacher. .The essential train-
ing which will make him work for«the improvement of the profession,
even when it is hard work, must have as a background that love of
his subject and of his calling which can ¢ome only through a deep
appreciation of what really constitute that subject and that calling.
It would scem that a desirable minimum of preparation for a secondary .
school mathematics teacher should be so much of the subject, at least, *

28 is involved in a first course in the calculus, and so much of peds-

gogical training as is involved in one year of the history and one year
of the principles of education. o e
With such a groundwork of training for the majority instear of for
the very small minority, we should be justified in expecting a profes-
sional spirit which would lead to wise and permanent changes tending
toward better methods, better aims, and better content in the
mathématical curriculum, . : :
In compiling this report, we have supplemented the information -
furnished' by the questionnaires with the best judgment we_could
obtain from those who have been in close touch with the séfpol sys-

~tems of the Pacific const. The present tendencies are not sharply

defined, but we are justified in concluding that there is on the part of

" many teachers a readiness to respond to any sane and thoroughly

organized plan for improvement. - . ..
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SUBCOMMITTEE 7. THE PREPARATION OF TEACHERS OF
MATHEMATICS FOR THE PUBLIC HIGH SCHOOLS.

METHOD OF THE INVESTIGATION. _

" A questionnaire was sent to several hunltred-city superintendents, . |
high-school principals, and teachers of mathematics. One hundrad
and sixty-five answers were received, representing 153 cities. Of
these, 3 have over five hundred thousand population each, 20 have
between one and five hundred thousand, 20 have between fifty and !
8 hundred thousand, 50 have between twenty-five and fifty thousand,
22 have between ten and twenty-five thousand, and 37 have less than
ten thousand. ' These reports represent some 900 teachers of mathe-
matics in all parts of the United States, and are probably typical of
conditions in cities whose aggregate population is between fifteen.and

* twenty-five niillions. It may be assumed that the large cities have
on the whole better educational facilities than the smaller towns.
The small towns could not easily be reached. '

Letogrs were also sent to all State superintendents and to many
high-school ‘inspectors. Farty-seven replies were received. The
character of the information received from them varied so greatly

 that it did not seem feasible to tabulate it, but it was carefully taken
into consideration in making general statements. ;

The information concerning the facilities offered by  our univer- -
sities and colleges for the training of teachers was obtained by the

" examination of catalogues for 1909-10. '
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' PRESENT STANDARD PREPARATION OF TEACHERS IN SERVICE.

.The amount and duality. of school training which high-school

teachers in the United States have had varies so greatly with the

. section of the country and with the size of the school that it is impos-

. sible Yo make any single statement which is strictly true for all

However, there is a very widely prevalent standard which we may
take as a point of departure. = : ,

It may be said in very general terms that the Jpresent standard
high-school teacher is & graduate of an unspecialized course in col-
lege or university, without pedagogical training or special training in -
mathematics beyond the ordinary college course. This normally . T
means that the teacher has had eight years in the elementary school, i

beginning at about 6 years of age, four years in the high school, and \ é

ot i+ el L

four years in the college, In the college the study of mathematics
generally stops with a first course in calculus, and often with much less.
‘There are wide variations above and below this standard. )
.. Thers are six or seven thousand small schools scattered over all
parts of the country wlhich employ from one to three teachers, which
support a course of from’one to three years and which. are generally
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not on the lists of approved sehools issued by the State departments ]
_of education or by universities. There are a number of States”
throughout which the educational standards are relatively low.
From these States and from the small schools statistics are not
“easily obtained. Roughly speaking, they contain about 40 per ¢ent
of the high-school students in the United States. Tt appears thatthe
-teachers of mathematics are largely high-school graduates, most of
whom have done some work in higher institutions, often normal-
! school graduates, with a small percentage of college-graciiates. In a
~° few States the smaller schools generally employ college graduates,
“but these States are exceptional. ‘ . o o :
- In the romainiqg schools of the country, containing, roughly, 60
per cent of the total high-school students, the majority of teachers are.
 college graduates, ‘and of those who are not, mostly the older genera-
tion, practically all have attended schools above high-school grade for
‘- from one to three years.. In most parts of the country, even where -
‘ standards are high, there ‘is a small percentage of teschers of long
experienco whowentered the work before present standards were
adopted and who are not college graduates. -Reports were received
from 152 large schools or city systerms, having in all some 900 teachers
~of muthematics. In these schools, as shown by the reports, $6.5 per
cent huve the A. B., or equivalent degree. These percentages for the
different sections of the country and the number of schools reporting
are as follows: New England, 27 reports, 94.5 per cent; Middle
Atlantic Statos, 39 reports, 85 per cent; Central States, 56 reports,
83.5 per cent; Southern States, 12 reports, 79.5 per cent; Western
States, 18 reports, 90.5 per cent. In basing conclusionis on these
figures, it should be noted that in some sections these schools are
exceptional, while in.others they are fairly typical. '
Through the greater part of the United States, systems of high-
school inspection and approval are in operation or are being estab-
lished, either by State departments of education or by universities.
The thoroughness of this inspection varies greatly in different States.
In approved schools,the percentage of college graduates, calculated
for whole States, runs from 75 to nearly 100, varying with the -
section of the country.
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TENDENCIES TOWARD HIGHER STANDARDS FOR TEACHERS.

é " That standards are being rapidly advanced is indicated by the .

: - fact that in by far the larger portion of the country in schools em- . .
ploying four or more teachers and preparing students for the univer-
sities new teachers are now quite generally graduates of universities
or colleges of good standing, even though many of their older teachers

~arenot. While large numbers of our high-school teachers aregradu- .

/8tes of normal schools, that training is po longer regarded as ades:

A
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qmo in amy large percentage of high schools. The percentage that

have taken normal-school courses and have then gone on through

their college course is probably quite large.

The fight for the recognition/of the principie that hngh-school
teachers should have the trairing “represented by the bachelor's
degree is proctically won. There is but a small portion of the country
where this is not at least a clearly recognized ideal, however remote
from realization in practice. It is at this point that the real questions’ ;
arise which concern the future. What does the college education '
which they receive mean to the prospective teacher as such? How
can its value to him be made greater? What is the next step?

In this connection it is important to know what has thus far been
done in the training of high-school teachers of mathematics beyond
the unspecialized gollege course. Of the 000 teachers in large high
schools above mentioned the reports indicate that less than 40 per
cent have specialized in mathematics in their undergraduate course
or have taken a master's degree. The number who have done work
in mathematics eqmvalent to that required for a master’s degree by
our best universities is small, probably less than 10 per cent even in
our best schools, and there are practically none in the medium-sized
schools. Those who have the degree Ph. D. or who are doing serious
research work in higher mathematics are rarely found teaching in
high schools, since there is very little effective demand from the high
schools from men of this preparatlon

A notable example of a State in whick minimum requirement
for high-school teachers is unusually high’ lifornia. There the
minimum roqulrement is essentially that the candidate must present
evidence that in addition to eight years in high school and college he
has done a half year of graduate study in a university belonging to the
Association of American Universities and a half year of practice
teaching in a high school conducted for this purpose by such a
university. Thése requirements are subject to certain modifications -
concerning practice teaching which do not matenally alter the stand-*
ard. So far as the committee has learned this is the highest mini-
mum requirement in force throughout any entire State. In several
cities minimum requu-ements practically equlvalent to this are in
force.

Two special influences have tended to retard the naturally growmg'

* demanrd for higher training, (1) a feeling that the specialist in mathe-

s - maties does not easily adapt himself to the needs of the high school;

P  (3) a distrust of the pedagogical training of the past. 'In a word, the )
ssparation of specialized echolarship froin practical tmmmg in the !
art of teaching has tended to bring discredit on both. This is especi- &
ally uiGticeable in the frequent intense and even unreasonable opposi- '

' tion @ pedagogical training in the replies received.  In this sonnee-
ﬁ@m the fack should be noted that wrti] very “rocantly only a very fow -
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institutions in this country offered practical training in the teaching
of mathematics in connection with sound higher training in the
subject matter. :

Perliaps the most hopeful sign for the future is the recent establish-
ment in many universities of teachers’ colleges and schools of educa- - *
tion where special attention is given to the training of teachers for
secondary and higher schools in connection with the best opportunities
J . for specialization in the subject matter and for broad general culture.

f: . From the high schools, undetneath Zu ourrent eriticism of shallow

pedagogy and narrow specialization, often expressed in violent opposi-

E tion to one or the other, there comes an apparent strong desire for
f sounder scholarship and real efficiency in teaching. Many schools now -
require that all new teachers shall have had succeesful experience.
As this requirement becomes- more general the necessity for the
practice school will become still more apparent. In this connection
we give a brief statement of the present statud of facilities for aequir-

! ing special pedagogical training in connection with advanced study

- of the subject matter. ‘ g eF

2 PACILITIES OFFERED BY UNIVERSITIES FOR THE SPECIAL TRAINING
. OF TEACHERS OF MATHEMATICS. -

On the pedagogical side there has been a remarkable advance in the
facilities for the training of teachers of mathematics for high schools
in the universities and colleges within the last three years. Three -
years ago. (1907) but 10 out of 30 of our leading universities were -
offering courses in the teaching of mathematics. To-day 18 of that
30 are providing that instruction, while there are in all 38 universities
and colleges giving special attention to such work.

Of these 38, but 11 require practical teaching.

The value of the history of mathematics is becoming recognized,
but as yet only 29 colleges and uniyersities are giving explicit courses
in this subject. Of course more or less such instruction is given
5 incidentally. _ RS A .
. " {fs to opportunities for training in the subject matter nothing need
' - besaid here. In all our better universities ‘they are far beyond the

present demands of our high sohools,  Prospeotive high-school

: teachers rarely fully avail themsplves of-the opportunities that are
H offered.. Some universities, abowt:eight in number, offer courses in
" the logical foundations of mathematic#: That more do not offer such
i courses is probably due to the belief that an appreciation of the logic
of mathematics is beiter obtained in courses-in the regular subject. -
matter than in a nécessarily elementary course devoted explicitly to .- -
the logie of the subject rather than to any lack of appreciation of the
importance of training in the logic of the subjéct. However, waiving
this question as beyond:our field, the queition might well be raised - . -
whether -prospeotive . high-achool teachers, whoss training in the
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_subjeot matter is necessarily small, might not be benefited by s final
course whose object should be to guther together their somewhat
fragmentary knowledge into an orgamzed whole, and perhaps to
givo them some idea of the meaning, purpose, and methods of the
higher mathematics which they are not to study.

We restate a summary of catalogue data for 1909-10 by grouping §
universities into three classes. Column (1) gives the number of
institutions that give courses in the teachingof secondary mathematics; §
column (2), practice teaching in mathematios; column (3), courses in

the history of mathematics.
) &) 3
- Members Association of American Universitios. .....cccoeeevemenenveen.. 18 10 7

Members Association of State Universities. ........... rescssencrecnnest. 19 14 10
Other colleges and universities................ cerespronsssisecesaneeae 16 2 18
. Totals (omitting duplicates). . .......ccuenrnreenann . 38 19 5

A very significant advance in thls dxrecuon is the estab]tshment, of—
& degree with distinction for prospective teachers of mathematics,
recently announced by Harvard University in the following terms:*

The faculty of arts and sciences have established a degree with distinction in mathe-
matics and education, intended to represent apecial preparation for the work of’
teaching mathematics in secondary schools.- This degree is to be adminigtered by a
standing committee of three uuder the following rules:

In order to be recommended for thia degree the student must have beeu known to
the committee as a candidate during at least the last two years of his course, and he
must have carried on his studies in his choeen field under the guidance of the com-
mittee.

Thg degree will be awarded on the baais of the follong courses—

1, Mathematics and allied subjects.

. (a) A course in descriptive geomelry or surveying.
. (b) Three and one-half courses in mathematies above the
B The choice must include Mathematics 2.
(c) Plwysics C, or its equivalent.
(d) A course'in astronomy.

The student is advised to take both descriptive geometry and suryeying. In case
he does so the requirement under (b) will Le reduced to three courses in mathemaucs
He also advised to include the course in modern geometry (Mathemanca 3) among4his
elective courses. He should in any case consult the c'hmrman of the cormittee b
finally making up his program. .

2. Education. -

(a) A general introductory half—coune (Education 26) or a half-course educ&-
tional thaory (Education 5a or 8a). -

(%) A course in the history of education (Education 1) %

(¢) A course in secondary education, with practice teaching. (Educstion 8b},
a course in elemenu.ry education, with practice teaching (Edumnon ),
or.a course in school administration (Education$a). © -

1 The University Gazette (of Harvard Unlvmny, C\\mbrldxe, Moaes.), May 20, 1910 - \

The restrietion expressed in the words #'¢ ¢ ¢ above the fresh lud me}x toplm .
trlaonometry and analytio geometry (Introductory course) but admits sﬂutwum fn the. calcutus ()ut.hc
matics 2) and the elements of mechanics.

Physics Cl- an experimentalcourse in physics lor students wbo have passed in'physics for. udmldon to

times: vuk ]
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'_ The committee reserves the power of exen:mng an independent ludgmmt in
- each case; but it must always be satisfied that the program offered furnishes a suf-

ficient basis for distinction, and that the quality of the student’s work justifies his
mcommendatmn

DESIRABLE STANDARDS IN TRAINING TEACHERS OF SECONDARY
- MATHEMATICS.

In this connection we must remember that the majority of those
teaching mathematics in our hxgh schools are prepared merely on the

side of ‘subject matter, while it is safe to say that in many of our .
smaller high schools algebra and geometry are taught by those who .
_are not familiar with any mathematics beyond these same sub]oc,ts

Where the contro] of courses of study and the appointmentof
teachers are left with the local school boards, it is hard to adopt any
set standards. By centralized’ conu;ol of secondary schools, it has-
been possible for Germany and France to maintain a high standard
in selecting teachers for their institutions. We can not have national
control of education; but by the work of our universities through
the mspectmn of schools, and by State dopartments of education,
much is now being done to elevate standards in the solectlon of
teachers. y

JVlmt then should we formulate as the proper university training
for the prospective teaclwr of secondury inathematjcs in the United
States? The present tendency gives us the key to an answer.” The.
candidate for a certificate to teach mathematics in our secondary
schools should be required to take (1) advanced’ courses il mathe-
matics, to include At least a first course in calvulus (2) history of
mathematlcs and ;‘tq boarmg on teaching; (3) courses in the general
theory of edugauon apd in the teaching of secondary mathematics,
the latter being given by ongfamiliar with advanced mathematics,
the history of mathematics, ¥d the general field of education; (4)

" observation and, practice teachmg, in connection with this university
. trammg, under the supervision of a specialist in mathematical edu-

cation.. We may hope that candidates be not admitted as full sec-
ondary teachefs until they have shown after a year s trig) that they
are specially ﬁtt,ed for the work. . Beyond this it is highly desirable
that they do 'some serious wOrk in higher mathematics, 1ncludmg
some course which will gjve them a broad and somewhat umﬁed view

" of the field. | The indicatioris are that real advance in our standards

for the hlghlar education of our secondary’ teachers of mathematics
will follow lines of compromise between the worl of our best schools’

of educatxon and the traditional highly specialized course leading to

the degree of Ph. D. “The pressing need of the hour is that our high
schools i msist upon, and out universities equip themselves for furhish-

95&)", 11-———6

um preparatxon outhned above. Such a course wxll in -
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no wise mt:eufm with“the sétainment of broad general culture and
w«e believe will furnish the best preparation for the student who is
atély-to teath in the university.

OTHER FACTORS IN THE EFFICIENCY OF TEACHERS,

Summariging reports Trom about 165 lsrge high schools or city sys-
tems, the following facts are found: Forty-three and a half per cent
of t.he‘ teachers of mathematics are men. The lowest percentage of
men teachers, 38 per cent, is found in New England. Two-thirds of
these teachers teach only matHematics.. In smaller schools not re-
porting, this proportion is no doubt very much less. E\:cludmg four
or five of the largest cities, where the percentage is considerably

higher, it appears that about 80 per cent of the mathematics classes .

are taught by teachers whose ohief -interest is in mathematics.
Teachers teach on an average 26 periods of from 40 to 43 minutes
each, the number ranging from 20 periods 'of 40 minutes each to
40 penoda of 46 minutes each. In New England the average is
23 perigds. Eighty per cent of these schools teach trigonometry.
No general tendency is discernible' toward increasing or decreasing
the ‘amount of mathematics taught, individual tendencles about
balancing.

The following questions were asked ooncernmg salanes ~What is -

the highest salary per year a mathematios teacher receives as such
for full work9) What is the lowest? What is the average? The fol-
- lowing summiary gives the number of cities or high schools which pay
~the salaries stated at the top of the column:

Number of cities or Migh schools paying certain salaries th teachers of mathematics.

Over | $1,501t0 | 81,0010 | 978110 | $500to | Total
$2000. | “s2,000. | “si500. | $,00. | $7%0. | pumber.
< : o
'Y [ 7 2 25
¢ 13 18 6 2 ]
- g 3 , 28 18 1 82
PRy 2 6 4 ol 12
0 8 9 ) N
il | o 38 5 146
0 0 0 s 18, u
0 0 8 .16 15 7
0 0 4 3t 1!, 9
g 0 0 1 5 1
1 H 5 0 16
0 v 1 19 ) 50 138
1 ‘o 6
i Y B
I |
7%
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One hundred and thirty-five. snswers were received from superin-
tendents and principals to the following questions:

In estimating.the prospective value of a high-school teacher of
mathematlcs, out of a hundred points, how many pomts would
you give to each of the following? ;

(1) Knowledge of the mathematics he is to teach.

(2) Knowledge of mathematics of higher grade

(3) Ability in scientific research.

(4) Pedagogical training.

_(5) General education and culture in other lines than mathematlcs

6) Expenenco in teaching.

The following summary of answe‘ received is self-explanatory:

ppraee———

e . $03 . _

Averdge - v
Quedtion. . of answers. e ’

. (1).........,......... 88.6.....0.i 123 answers mrged from 20 to 50., -
o (2) SA——— SALL ... 128 auswers ranged frqae 5 to 20.  °
i () T 3 S - 129 answers ranged from 0o 10.

(€ ) S ‘80 M1k Hoooooos0aagassssssa 115 answers ranged from 5 to 20.
() P [ N | JO .. 112 answers ranged from.5 to 25. .
() RO 19.2..... e 110 answers ranged from 10 to 30.

The question as to" whether any inferences of value can be drawn
from. these i8 left to the reader ' .

SUBCOMMITTEE 8. THE SIX-YEAR HIGH SCHOOL.

‘The traditional achool organization of the country consists of an
! . elementary, or grammar, school of eight grades—i. o., years—and &
high school of four years. It has been proposed to shorten the
grammar-school course to six years, and to incorporate the work of
the last two grades, the seventh and éighth, with that of the high =
school, thus making the hxgh-school course one of six years. The "
'~ work of the subcommittee i is an investigation -of the cumculum in
mathematics in such six-year high schools.
' Excepting the Boston Latin schools, the movement for sxx-year
" high schools covers but a few.years, The literature is chiefly of a,
general nature, dealing with the adva.ntages to be gamed from such
schools, and contmmng next to nothing in the way of detail that
~- - would be of value in a report on the subject under. investigation,
L A blbhography is appended to this report (see J- 94), but-for the
reason just given no especial pains Have been” taken to make it - -
_complete.. The widespread interest taken in the povemgnt is. per-- - . -
haps best indicated by the fact that the N ational Education Associa- - ..
t - tion (N, E. A.) has had a committeo considering various ‘aspects of ~
the ux-yoar hlgh ;chooln m 1906 (cf.. btbhognphy, P 94)
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1. ADVAN TAGES

Among the advantages claimed for the six-year lugh school are:
(a) The use of departmental methods in what are now the last
two years of the elementary school. Under the traditional system, .
- pupils in the same grade are taughb various subjects by but one
_teacher, while the six-year plan insures specialists for the teaching

“of each branch of study two years earlier than at present (but seo

sec. 2).

(b) The use of laboratories in which the study of elementary
science might be begun two years earlier than at present.

(c) The possibility- of ‘beginning the study of modern languages
earlier than at present.

(d) The transition from the elementary to the hig 13 school would
be less abrupt than at present. This is lnmsted on very strongly
by advocates of the new scheme.

(e) More pupils would continue their schoolmg beyond, the elght

- years of the traditional elementary school,

(f) The easier use of manual-training shops and the mtroduutxon
of industrial-training courses.

@ In manyaJocalities the new plan would possess financial advan-
tages; e. g., it would permit the full use of buildings already erected
and relieve the pressure for more bulldmgs for the elementary schools

_for some years to come.

For a fuller account of advantages claimed se¢ the N. 'E. A. reports
for 1807 and 1909 and the 1909 pamphlet of the'New York City
Club.

.2, APPROXIHATIONS TO SIX-YEAR HIGH SCHOOLS.
(a) Several" cities in the country have adopted departmenta.l

methods in the seventh and eighth gra,des and some of these regard:
it as a definite step toward the sxx-year high school, while others

‘think of it as merely a-change in the methods of the elementary

school. Even in the latter cities several of the advantages claimed
for the six-year high schiool have been enjoyed.

(b) In some cities the high-school course has been lengthened to

four and a half or five years.
(c) In some cities there are separate schools for a part of the

' pupxls in the seventh and eighth grades.’ In these schools the work
- i8 correlated with that of the regular four-year hlgh school more

olosely than- in the regwlef grammer school: Especially bright

" pupils  from ¢hese schools may, in some cities, complete the high-

school course in three years. ,
The subcommittee realized at the begmnng of the mvestxgatxon

. thet’ these various. alpproximatmns s’hould Be mcluded in 1te study

T
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3. HETKOD OF THE INVESTIGATION

Following every clue received by correspondence or in the litera-
ture resulfed in the compxlauon of a list of 29 cities reported to have
a fair approximation to the six-year high school and of 27 cities in
whose schools departmental methods are said to be employed in the
seventh ‘and eighth grades. While tlie latter list contains all cities
of the sort indicated which came to the attention of the subcommittee,
no especial effort was gade to compile a complete list. This was due
to the fact that thre&nportant cities reported by the Bureau of
Education at Washington to contain schools belonging to the second
class were investigated personally by different menibers of the sub- -
committee during the last summer (1909) and found to offer nothing
of value for this report. .

The subcomnittee is indebted to the courtesy of Mr. Charles S.
Hartwell, 234 Willoughby Avenue, Brooklyn, N. Y., secretary of a .
joint commlitteo of the teaehers*associations of New York City and
Brooklyn conducting an extensive investigation of school organiza-
tion, for nearly all the cities on both lists, and for many helpful sug—
gestions. -

In advance \f the mformatlon that the Bureau of Education had
offered to circulate questionnaires, the subcommittee mailed a cir-
cular letter to the superintendent of schoo)s in each of the cities on
the two lists, with a request that an inclosed letter be handed to a
teacher of mathematics. Later a copy of the gecond letter, some-
what modified, was mailed to the department o mathematlcs of the
high schdol in each of the cities on the first list from which no reply
had been received. The replids from the cities on the second list
indicated that it was not worth while following up those not answer-
ing the first Tetter. Condigions in a few cities were investigated
personally, and no letters were mailed to these cities.

|,

+

4. ANALYSIS OF THE INFORMATION RECEIVED. .

The number of schools mvestxgnted is so small, and then' forms of
‘organization and curricula so varied, that it is impracticable to tab-
ulate the information received. Inst{ead the report can only pre-
sent & summary of the situation in eaeh school (sectlons 6-11), and

- afew general compansons (section 13). The value of the latter must
be estimated in the light of the fact that the number of schools is-. .
small and. that the condmona in dlﬁerent. pm'ts of the country vu'y
8 great deal. '

The subc ittee is able to xeport upon Lo
() Fiv@ls organized on preclsely the hnes mdxcated m soc~ .

tion 1.7

(Bectivn 6.)
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(Section 7.)

(c) Two five-year high schools (Section 7

(d) One four-and-a-half-year schooel. - (Seotion 7.)

(e) Four cities having spetisl schools’ preparatory to high school.
(Section 8.) \/ry

f) Six cities having dcpartmental methods in the seventh and
eighth grades (section 9), but not all of these regard this as an approx-
imation to a six-year high school.

(g) Two have a different form of six-year hlgh school. (Section
10.)

(h) One noteworthy private high school. (Sectjon 11. )

Neglectmg @), (g), and (h) the subcommittee can report upon but
14-six-year public high'schools or approximations thereto.-

The cities on both lists not covered in the above classification were
either not heard from at all or offered little of value to 4.{10 subcom-
mittee.

Cities employing departmental methods in the seventh and cighth
grades have not, so far as information at hand shows, madc.much
effort to mold the mathematics in these grades and in tho high school
into & homogendous whole, and hence, contrary to hopo, they furnish
- little of value to the subcomxmttee

4

' S. THE TRADITIONAL -CURRICULUH.

(b) Two schools approximating that organfﬁon very closely.

4

For a proper appreciation of the following sections it should be
understood that the traditional cu;'nculum has been, roughly, arith-
metic in the seventh and &ighth grades ‘of the elementary school,
elementary algebra (i. e., algebra through quadratic equations, anth—,
metical and geometrical progessions, etc.), and plane geometry in the
high ‘school. Most high schools also offer solid (including gpherical)
geometry, advanced algebra (i. e., such topics as,permutations,

. logarithms, theory” and ‘mrmsncal solution of equations, etc.), a.nd
_ plane trigonometry. »

Solid geometry, advanced a]gebra and tngonomatry are reqmred '
for admission to“techdical schools but arp usuaﬂy taught in the first ~
" year of college work. Hence students preparing for college do not )

. usually #ake these subjects in the high school. In the West, solid

geometry is usually required for admissioit to college. ¢
These subjects bave ususlly been taught with very little ai;tentmn
towbheh‘ ations, and many students takemathematics during but
) the four years in high school; e. g., astudent may take
elementq‘xg algebra the first year, “plune geometry tlie second, no:
‘mathemdtics the third year, and a review of.one or the mbher ofttheee ’

aubjeptamapqmg_mofthefmmh&eqr T = 1
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A%rcwmmw used in sections 6-182:
Arith. for arithmetic.
.Alg. for elementary algebra. .
Geom. for plane.geometry. . . °
Trig. for plane trdgonometry.
Adv. Alg. for advanced algebra.
Obs. (xeom for observational geometry.
The ‘gl‘( yeurs of the'course are named uniformly in this report but

usage varies in differént schools.
b . SIX-YEAR HIGH scnom?s . \

Boys’ Latm deol and Girls' Latin School constituting The Public
‘Latin School in Boston, Mass., ~f{)unded, 1635. This has been a
six-year school for a great many ypars, preparmg students for college
but not for téchnical schools. .-

First year: Arith, 3,' Obs. Geom. 2. - ‘

Second year: Amth 3 (& eyear), Alg 3 '(i year) Obs Geom 1
‘(the entire year). 4

** Third \cﬁr Alg and Obs. Geom (oorrelated) 4.
Fourth year: Alg.’3 (} vear), Geom. 3 (} year).
~ Fifth year: Geom. 3 (3 yesar), Alg. 3 (4 year).

T  Sixth year: Plane and Solid Geom. 4,

* Recens changes, as indicated by printed report.s, are: The placlng of
algebra as early as the second year and of formal gedmtry as carly as
the fourth yedr; the teaching of some geometry in each year.. But,
essentially, this curriculum hag been in operation for some years.

+  Roxzbury Latin School, Rozbury (Boston), Mass., founded 1646

- First yeanc Arith. (a little Alg.) 3. g

Second year: Arith. 2 (§ year), Obs Geom. 2 (§ Year).

Third year: Alg. 4. . £

Fourth year: Alg. 3 (3 year), Arlth 3 (3 year). :

Fifth year: Alg. (a little Adv. Alg )3 e
' Sl*th year: Geomn. 5. g oo 4

: Adv. Alg., Solid Geom., Trig: (electives). )

Lead, S. Dak.—The coutse in mathematics covers but ﬁve yeoars,
.Exceptlonally Bnght pupils may do all t.he work of the six-year
course in five years. The six-year .course has beén in eflect five

years. -
First or second year: Arith. 5. ) e
‘Third year: Alg. 5. <y . P
Feurth year: Geom 5. ' g
Fifth year; Alg. 5 (4 year), Solid Geom 6 (‘} yea.r) L
Sxxth yeag: Adv. Alg. 5 (} year), Tng 5 (3 year). Y

'Tbannmbamthuquduuomwvuk,whmnum mmummuwynwu N
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Algebra was formerly taught in the second year, but has been put

“back into the third year.

.Hope Street Eng(wh and Classical Hzgh School, Promdeme, R. 1—
The report of their’curriculum is mcomplete

First year: Arith. (probably).

Second year: Alg. 3. o
Last four years: probably Alg., Geom., Solid Geom., Adv. A]E., and
Trig.

, Principal Charles E. Denms ]r wrlt,es

“Correlation consists in not emphasizing the advanced portions of
- arithmetic, i. e., geometrical nieasurements, and omitting cube root
entirely. These subjects are better taught in connection with algebra
and geometry.” ’

Remarks—Four of the five schools intr6duce some algebra. in the
first two years. Ih the fifth, algebra has retently been dropped from
the-second yeasr. ‘

The three Latin schools introduce some geom v in the first two '
. years. *They also provide fir a continuous course of six years. *

Two of the five schools dp not offer trigonometry.

In at least four of these schools the traditional “tandem jnethod””

of arranglng courses has been somewhat broken up. This breaking
up is espectally noteworthy in the Boston. Latin schools.

7. CLOSE APPROXD!ATIONS TO THE SIX-YEAR "HIGH SCHOOL.
(Fiie-year and four-and—a half-year high achools )
C‘rmqu'dmlle Ind—“The seventh ‘and_ erghth grades and. the

high school occupy the same bmldmg in our city dnd all are organized .
on the departmental plan. “There is a shght division between the

. eighth-year course and high school, but it is very slight. We con-"

sider the arrangement; an epptoxrmatlon to a six-yéar high-school
course.”’”

First year: Arith. ﬂ

Second year: Arith. and Alg.

Last four years: Alg. (13 years), Geom. (1 year), sohd Geom: "‘(‘}-
year).

Richmond, Ind.—Information on' Richmond is due to the kindness
of Mr, Hertwel] who kindly sent #he subcommittee a copy of a letter
from the siperintendent of schools. -

For twelve yeagpthe seventh and eighth grades have been housed .
- in a separate building in which departmentsl niethods are usedy. *The

heads of the departments aré the heads of departments.m the high

achool. “r .. i

“We are'much pleased with this plan. gWe are hoping to be' bmve

‘enough $¢ print our Imgh-schoo?l course as including the six grades i

Mmeeewellacmf . e .

i
\©

'

wh .




{
!

) »
B = EUEE T S
- o

P i

- . raE SIA-YEAR HIGH SCHOOL. -89
il

I"lrst year: Arith.
Second year: Alg. (& y8ar).
Last four years: Probably Alg., Geom., Solid Geom., Adv. Alg -

" and Trig.

The uslegon Ihgh and Hackley Manual Trammg School, Muske-
gon, Mich.—A ﬁve—year high school. ‘“The seventh-grade work in

" our city schaols is given in the ward schools in a departmental system.

Tha eighth-grade work is given at the high school, making with the
regular four years’ work a coursetof five years."’
First%ear (seventh grade, not in five-year ‘course)® Arith.
Second year: Arith. (} year), Alg. (3 year).
Third year: Alg.
Fourth year: Geom.
Flfth year: *Alg. (} year), Geom (Solid ?») (} yea.r)
th year: Trig. and Alg. . ¢
n,\})ur first two years of algebm we cover about the same ground .
usually covered in 1} years in other high schools.” '
“We are ntemplntmg extending the one-half year of urlthmetlc
to a whole year in the eighth gmde, perhaps retammg alittle introduc-..
tor} work in algebra. )
“Due to our extended work in manual trammg we require 1 mathe—
matics only through plane gesmetry for most stullents.”
Woodward Avenue High School, Kalamazoo, Mich. —Approxmately .

- a five-year high school.

. “Our seventh grade is not departmental. The eighth-grade pro-
gram is arranged on the same plan as the high school: Pupilssitina
grade room where.they ‘keep their books and to which they go after -
each class. Asthe class bell culls, puplls go to'their respective olasses,
or if they have no class, to the genéral study room for elghth grade

) and high schaol.” v

First year (seventh grade, not in ﬁve—year course): Arith.

- Second year: Arith. o

Third year: Alg., Arith. (§ year, electwe) B} &

_+Fourth year: Alg. (} year), Geom. (3 year). '

Flfth year:.Geom.. (probably plane and solid, electlve)

" Sixth year: Trig. (4 year), Alg. (4 year) (both elective).

Pittsburg, Kans,—A four-and-a-half-year high school orga.mzed
nine years ago.

Firgt year (seventh grade, not ln four-and—one-half-year (:ourse)
Arith, . :
Second year (last half.in four-and-one-half-year course): Amh T

Last four years: Probably Alg., Geom., Solid Geom.; Adv. Alg. '
and Trig. - SR o ,

- Remarks.—In three of these five schools algebra i is mtroduced m. '
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l APPROXIMATION CONSISTING OF A PREPARATORY HIGH SCBOOL

T N AND A REGULAR HIGH SCHOOL.

Worcester, Mass. —Special schools for a portion of thd pupils in the

seventh and eighth grades and a four-year high school
First year (seventh grade): Arith.

Second year (eighth grnde) Anth (} year), Alg (4 year). .

- “Third year: Alg.

Fourth year: Geom.

Fifth year: Adv. Alg. and Solid Geom.

Sixth year: Review of Alg. and Geom.

Supermtendent of Schools H. P. Lewis writes: ‘I believe thor-
oughly in a six-year high-school course in which the curriculum

would be different in many points from that of the last two years

of the elementary course and' the present four years of the high-
school course.’ .

- Grand Rapids, Michigan. —ﬁgupermtendent of Schools William AT
" Greeson writes: ‘‘In two bmldmgs we have the departmental organiza-
tion. * * * The curriculs in these grades (the seventh and
eighth) have not been closely correlated with those in the ‘ugh
school.”’

It is inferred from: 8ther portlons of hxs letter that these build: *

ings are used exclusively for the seventh and elghﬁh grades. .
“‘Ag goon 8s our two high-school, buildings sre completed and
- . occupied by the high schools, we shall have two buildings * * *
which can be for the seventh eighth, and ninth grades. , It is
our Burpose then to organize these three grades upon a modxﬁed
. high-school plan.” ‘ i ,
Fimst year: Arith. .
Second year: Arith,
- Third year: Alg.,
Fourth year: Alg. (4 year). ) .
- Fifth year: Geom.

Sixth year: Solid Geom.* (3 yur), Adv. Alg. (3 year), Tng .

(4 year).
Lincoln, Nebr. ——Thqre is a ﬁvo-yenr oonme\onsxsmng of: First, o

~ course of two years, known as preparatory to the high _Qchool for.

especially bright pupils, which covers, with some omissions, the
‘work of the seventh and eighth grades and that of the firgt year of
, the regular four<yesr 'lngh echool. Second, the last three years of the
lngh school. : :
Firet wosr: Anith. mmd@bs.mom .
- Becond yoar: Arith.
* Third year: Combjned with ﬁmt. two. .
yoan “‘«A oomp]hswﬂy bhm@ad course o!  and

o

-
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THE SIX-YEAR HIGH scnom, : ) |

There is no mathomatics in -the ﬁm year of the mgular four-year
course except in the commercial department. What is taught there
is presumably arithmetic. g

Baltimore, Md.—Children with a sufficiently good record in the
sixth grade of the elementary school may attend any ome of four
schools doing work in the sevegth and eighth grade preparatory to
high school.” A’good student may complet,e these grades and the work
of the regular four-year high school in five years. The curriculum
is probably the traditional curriculum. (Section 5.)

Remarks.—One of these four schools introduces algebra m the
first two years and but one introduces geometry.

9. APPROX'IHA’I'IONS CONSISTING MERELY ' OF DEPAR'I;HENTAL
b "METHODS IN THE SEVENTH AND EIGHTH GRADES. ;

Aurora, ITl—Superintendent of Schools C. M. Bardwell writes: -

® Qur seventh-and eighth grades are distinct from the high school; as in case of most
other systeme. The accommodations netessitate this,

For a number of years we dropped the subject of arithmetic at the end-of the sixth
grade, and took for the next half year inductive, orfconstructive, geometry! We
began algebra the-second semester of the seventh gtade and carried it through the
exghth grade, with fecitations five times a week. We have changed this, however,
in the last year and bave introduced arithmetic twice a week, carrying over the
subjects that wé had formerly had in the sixth grade, butomxmng most of the technical

. applications of arithmetic. '

The work whxch we give the children in mthematxm in these grades (the seventh
& and eighth) is not 80 much with a view to fitting them to some special course in the high'
school, or a hasty completion of regular mathematical work, but rather because it
geems to fit their ne;eds from @ standpoiut of their intellectual growth, They seem
to enjoy their work'in algebr;.inwmety, and act as though it were someﬂung that thg?
really feel the need of and'a deslre for,

Samnaw, Mich.—This city is popularly"r_eport,ed as bemg & pioneer '
in the six-year mowement.

|
f First year: Arith. 4. ., ] vl
{ .7. Second year: Arith. 4. - ' ' .
R ' Third year: Alg. 5, Commercml Arith, 5, Industrml Anth (in
process of evolution). 3
Fourth year: Alg. 5 (} year), Geom 5 (3 year) .
. Fifth year: Geom. 2.
‘ Sixth year: Alg. (some Adv. Alg) 3 (3 year), Solid Geom. 3
(} yeaf), gi‘

rig. 3 (4 year), Su.rveymg 3 (§ year). - « e
. In the fourth year, geomoetry is studied without a text. :
"Herkimer, N. Y., and Franklin, Ind.—These schoo
; . traditional cumculum "eection 5) eurce,pt qm.t. the *
! ¢ trigonometry.

: Iron Mountain, ‘Mich—"We fprmerly had depart
.in. the seventh and eighth grades for eight or nine ye
" pargly a'ba.ndoned it and eatirely so in mathemsties.”
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“A little algebra and geometry” is introduced.in the eighth
grade. ' . "
~ Algebra and geometry are ‘‘mixed” in the last two years.
Indianapolis, Ind.—Departmental methods are not, regarded as an
approximation to a six-yeawschool. The city is mentioned chiefly
" on account of the fact that correlation has been highly developed in
the high school and on account of the folldwing excerpt from a letter
from Mr. W. W. Hart, head of ‘the ‘department of mathematics,
Shortridge High School: - ¢ , :
“I might say that it is our intent to ha\"q very little algebra in
~the eighth grade in the future on the ground that such work does
not seem to be of sufficient practical value to the boy and girl who
‘does not go to the high school.” : g

10. A SECONDFORM OF S'IX-YBARVmGK SCHOOL.

. A movement has developed in the Middle West for the introdye- ¢
tion ‘of two years of graduate work in the high school, covermg |
approximately the first two yedrs of college work. In mathematics
this necessitates the teaching of analytic geometry and differential
and integral calculus in additien to all the courses of the traditional
curriculum.  (Section 5.) " : o

Joliet, IU., and Goshen, Ind., have organized high sghools on' this
basis. In the latter city the seventh and eighth grades are organized

* departmentally. Bright pupils may begin algebra in the eighth
grade, but otherwise the curriculum does not differ from .the tradi-
tional curriculum., ' -

-

11. THE HORACE MARN SCHOOL.

This high school is connected with Teachers College, Columbia
Upiversity, and is intended to be a model high school. It is not a
public high school in the sense that there are no tuition charges.

- Some departments offer six-year courses as well as a four-year course.
‘The department of mathematics offers, in addition to a four-ydar
course, the following five-year course: '

First year: (Not in the course.)

Second year; Alg.

»

.

Third year: Alg. . o -
Fourth year: Geom. '
Fifth year: Alg. (3 year), Sofid Geom. (3 year). . & ¥
Sixth year: Trig. 3 (}-year), Adv. Alg. (a little analytic Geom.) -
M year). - | 1

12. A PROPOSED CURRICULUM. .
e e .

&1 a paper in the Educationg] Review, vol.125 (1903), pages 455-63,
- Prof. Paul H. Hanus proposes a readjustment of the entire education
- aystem of the country. He proposes (p, 458) a six-year course for
(¢ - two high schaols of three years esth, as follows: :

b ; g L

H
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First year: Alg. 2, Obs. Geom. 2, Arith. 1.

Second year: Alg. 2, Obs. Geom. 2, Arjth. 1.

Third year: Arith. 3, Obs. Geom. 2.

Fourth year: Alg. 2, Geom.3. :
Fifth year: Alg. 4, Mechanical Drawing 1. L
-Sixth year: Solid Geom. 5, Trig. 5.

13. GENERAL CORCLUSIORS.

{
'
t
!

In conclusion, the subcommittee can do little in the way of general

" remarks. Comparing the 14 schools considered in sections 6-8, the .

: following variations from the traditional curriculum may be noted:

*One school teaches algebm and three teach geometry in-the first

. year.

Seven teach algebra and thme teach geometry in the second year.
Four schools have correlated the arithmetic, algebra, and. geometry’

- sufficiently to break up effectively the “‘ tandem method” of arranging-

courses, Information at hand is not suﬁiclently detailed to indicate -

- how miuch orrelation, if any, is attempted in many of the other
f pt y

A St Sy
.

a

scl)ools he pmumptxon is that there is but little.
Three of the six schools in section 9 present variations from the

" traditional curriculum in some of these WAays. .

It is thus seen that the tendencies to insert some algebra and
geometry in the last twe grades of the elementav school, and' to
weld arithmetiz, algebra, and geometry into a umﬁeé course in.
mathernatics, tendencies which have been much disc -ussed in recent
years, are bemg tried out more or legé thoroughly in the schools
whose orgamzauons approximate the six-year high school. So few
schools, however, replied with a description of their courses by topics,
as requested by the'subcommittee, that it would be useless to attempt

“to tabulate what little detailed mformntlon has been received. The

;

Boston Latin} School stands foremost in exemphfymg both of these
pronounced ndencies.

Further information on_these tendencies in schools organized on
traditional lines will doubtless be found in tha reports of other com-
mittees and éubcomxmttees engaged in this investigation.

There has also been much discussion in recent years concerning the
intrdduction’ Imt,o the high school of essentially new matter, such as

the elements, of analytic geometry and the calculus, but none of the

schools investigated have done this” (except the two in section 10
which teach the first two years of collegiate work). 4
.While ondu vigorous protest against the movement was recelyod‘

- (Bloomfield, iN. J.), the general tone of the letters recéived by the -

subcommlt.t,ee indicates .an enthuslastlc behef in the slx-year hlgh :
school. - . ’
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SUBCOMMITTEE 9. FAILURES IN THE TECHNIQUE OF THE
TEACHING OF SECONDARY. MATHEMATICS: THEIR
CAUSES AND REMEDIES. ‘ .

INTRODUCTION.

In this commercial age, which makes efficiency t con'tmllihg 520

‘fncbor in all walks of life, the teacher must not
searching scrutiny of his results or criticis his methods. The
general public has at last begun to watelr with interest, not entirely
free from meddlesome curiosity, the work of its tax-supported schools.
It is well that it should beso. For may not many of the educational

. crises of the past be traced to the aloofness of the average teacher
from the active world? Separated from the noise and the merciless

. competition of real lifs, the schoal fraquently fails to make those
unavoidable readjustments which 4 business establishment effects
almnost sutomatically in its effort t¢ remain “‘up to date.”

- Fhus it happens the educational process so often is ‘;‘ bohixi'd

~the times.” With msjestic inertia the school system glides on in its"
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hccustomed and “a.ppmvod” oourse, Jong- after the familiar lmd-' o
marks huve disappeared and the compass needle points to strange = -
_and untried Seas. Finally there are dangerous collisions and the
passengers complain of the wearisome, aimless trip. Then the edu-
cational pilots are roused from thmr stupor and frangc efforts are
made to ascertain the ‘‘new course.”” A ‘‘reform wave’’ is suddenly
-espied, and carried by this “new movement” the distressed craft -
tries to regain its bearings.
Another reason for this lack of adjustment lies in the dxﬂiculty of
-the educationa] process. A new machine is easily installed. A
. mechanijcal inprovement can readily be tested. Not so the infinitely
~ subtle mnchmery of the-mind. A well-known psychologist- frankly
admitted that i in regard to many &spects of the educational pmblem ‘
psychology is ns-silent, as & sphinx. Seientific pedagogy is only in
-itsinfancy. It will be found that in most cases the successful tea.cher,
. c¢autioned of course by scientific study against obvious  blunders, rises
) om the basis of sympathy and tact to the experimental acquisition of
a satisfactory technique. But all expenmen(.)ng takes time. Unless ~
undertaken with tLe utmost rare, it is almoat sure t6 mean educa-
tional waste. To this should bd added the fact that the average -
teacher *holds office for a short ﬂenod only and that many schools
hayo pmcucall) new facultics every year. The new and inexpe- .
rienced “teacher either follows the rut Jett by his predecessors or
dulges ip-6x penmentntxon of a more or less doubtful charw;ter
)(;‘ayn/ mall percentage of secondary teachers have specialized in
/théxr work sufficiently to become really creative.
Thus we have a ‘onstant oscillation from stagnatlon to frantic
' reform. Ahd it is difficilt to determine which is more amusing:
- The abyssal, cocksure self-complacency. of the orthodox old-timer, or
- the innocent glee of the Feformer who announces A new patent rem-
edy for all educational ills.- What we really need is a less jerky and
erratic development less dangerous sttngnauon and more genume
progress. \

PU‘RPOSE OF THIS REPORT. .

" The Present mquxry was tmdertaken with a view to answering the -
following questions:"

(1) Are the results obtained 1 in the teaching of secondary mathe-
. matics satisfactory?

. (2)-1f not, is mathematics taught more poorly than other~hxgh-
: . school subjects .
' (3) In case it in taught as well and yet the muh’are poorﬁhat-'
' general or specific causes of falhare umbe peinted o o :
@ What remedies can b8 auggested? '
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METHOD OF INVESTIGATION.

The subcommittee first sent out about 120 circular letters. These

" brought about 40 replies. Then a somewhat modified form of the
first circular was sent out to a large number of high schools by the
committee on public high schools, of which this subcommittee is a
part. This second effort resulted in more thun 80 additional replies,
bringingthe total up to about 125. A detailed summary of these
Mnswers /)vﬂl be found at the end of this report. Muany important
educational centers responded splendidly, especially New York and

v

Philadelphia. - It appears from these answers that the teachers of

-mathematics do not believe that their subject is taught more poorly
than other secondary subjects.
A second source of information was furnished to the committee l)y

the statistics of two examining bodies, the Regents of the State of-

New York and the College Entrance Examinatien Board. It may
be argued with perfect candor, of course, that examinations are a
very ‘unreliable criterion of pedagogie conditions, and that examina:
tion results are often inversely proportional to good teaching. How-
ever, thgse results will furnish some comparative data of great yalue.
Hence W feel justified in submitting the subsequent statistical tables,
*In thg third place, we must mention the many valuable contribu-
tions tofa solution of our problem in the educational literature of the
past 1q years, in the reports of associations of teachers, etc. So vast
is this material that the committee yssimilated only a small portion
of it. Excellent reports and ‘discussions may be found in recent
volumel§ of School Science and Mathematics, the-School Review, the
Mathenigtics Teacher, etc. It can not be said that the comments
found infthese journals are altogether reassuring. There is constant
complaint of educational waste and inefficiency.

- STATISTICS OF FAILURES.

The records of tl)e Regents’ Examinations and those of the Col]ege
" Entrance Board (for StutlStl(‘%, sco Appendix), seem indubitably to
warrant the following conclusions:

1) Ma.thematlcs is not taught more poorl) than other secondary -

" branches.
(2) The results are not satisfactory. The second condusjon w0,uld
be even more obvious if the percentage of failures included the pupils
- who dropped out during their course, i. e., if it were based on the
. initial reglstratnon of the school. Ewdently from 40 to 50 per cent of

. all students pursuing mathems4ical work in secondary schools do not -

comiplete their work satisfactorily, if exztmmatlona can be trusted to

determine the pupil’s mental equipment. :
.. Views of individuals.—Having considered the objective verdict of
) statastxca.l record& ‘e turn now to the more or less subjective vwws of

sy, f
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individual teachers and schools. Dr. N. J. Lennes w-l"ims (The
Mathematics Teacher, March, 1909): '

One of the. most obvious facts about mathematics in our sccondary schools is{very
general dissatigfaction which is expressed on all sides. There is an alarming number
of failures, especially in the first year of the high school, which argues that the pupils
do not ﬁnd the subjcctsulwd to their tastes and capacxtms Instructors in the colleges
and universities rarely miss an opportunity for declaring that their students-come

4 poorly prepared. The programs of teachers’ meetings and the tables of contents of .
pedagogical journals are teeming with titles which assume that something is

Thewcollege side of the question is discussed at some lengtfin the
Cornell Reglst,er (1909-10, p. 43). After stating tha’ the prepara-
o tory work in mathematics should equip the student with (1) a “cer- -
tain degree of mathgmatical maturity,” (2) “‘an accurate and ready ;
knowledge” of specific facts, it continues as follows:

On the other hand, most students who fail in theu university mathematics fail
because-they are poorly equipped in the second requirement above mentioned. For
example, they can not perform the ordinary operations of algebra either rapidly or
accurately, they do not know the theory of quadgatic equatiens, they are lost among
trigonometric formulas, and they blunder when they use logarithms. Instead of
spending their time and energy upon their new work, they must spend much of it in
studying up those things with which they ought to be familiar, and thus handicapped
they can not keep up the pace sct by ruen whB are praperly prepared, and they can
not do the work that must be done to fit them for the professional work that follows.

It is not sufficient that the student should once have known his preparatory mathe-
matical subjects; he must know them at the time when he begins his work here. It

- scems nbsoluwly essential, therefore, t.h‘xt these subjects be very carefully reviewed
just prior to entrance.

The general dissatisfaction referred to above has induced some-
alarmisty to put mathematics on the list of elective subjects. Tow «
charactefistic a blunder! As if mathematics, the foundation par
excellence of our scientific era, could by a mere stroke of the pen

_, become an optional study, merely because many teachers do not
know how to make it palatable, or because our 1ll-arranned c¢urricula
can not accomplish wonders, or because so many of our boys and
girls have been allowed to fullow the line of least resistance. For a
discussion of this elective tendency woe must refer to the Third Report
of the Association of Mathemamtal Teachers in New England (Boston,
1906) . '

CAUSES OF FAILURE—PRELIMINARY ANALYSIS. 0

If we turn now to u consideration of the causes of failure, it becomes
at once apparent that our problem is both general and specific.
.General, in that mathematics is not alone in its inferior results, a fact
proved beyond dispute by statistics. Specific, in that we myst .
, determine the particular aspects which this general deficiency assumes

* inthe 'nathematlca.[ classroom, as well as the particular remedies.that
mathematlcs may offer for overcommg the general weakness. The
gaoo°..11_7 .8, . gone 8¢
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individual teacher, when confronted by a‘large number of failures,
rarely tekes a sufficiently broad view of the situation. In some cases
he frankly blames his own Jimited preparation, his prosaic and upin-
teresting methods, his lack ‘of enthusiasm. Usually it is the pupils

" who are condemned in toto, or-it is the school system or any number
. of other factors.

There is little doubt that 'nearly évery high school subject is taught

‘with clearer percept.mn of its aim, methods, 4nd content than a gener-

ation ago. It is even claimed by some that results are better than

formerly. (Cf. Report on the Norwich tests, School Review, May,

1910.) Ifin spite of this improvement and this increased effort our
expectations are so poorly realized, must we not first of all look for
underlying causes and conditions beyond the control of the average
teacher or even the average school ¥ :

It has been said over and over again that we are living in a transi-

‘tipn period. Old standards are being replaced by uncertainty and

scepticism. Education is powerfully affected by this general unrest.
Hence, any consideration of the causes of failure would be incomplete
and meaningless. without a study—however brief and imperfect—of
the influences that are transforming our educational sytem.

TRANSFORMING INFLUENCES IN EDUCATION.

For a brief summary of the.present tendencies in education wo
may refer to a paper read by the chairman of this committee at the
Cleveland meeting of the N. E. A. (published in School Science and
Mathematics, November, 1908). The following quotations are taken
from it:

1. In t.he firet place, modern industrialism, with its demand for tanmb]o success,
has led to a great outery for more practical school work. There ixan increasing con-
tempt of ““mere theory.” This feeling finds its expression in the establishment of
trade and technical schools. Mathematics, as usua]ly taught, furnishes a welcome
targst to the utilitarian educator. As a result there is a growing fear that we may
drift too far from the ideal of liberal culture and that the direct bread-winning pow er
of a subject may be made the sole criterion of its usefulness.

2. Our large cities, the natural centers of industry, are also becoming great centers
of populstion. Naturally the struggle for existence is becoming: keener. Many
pérents are now sending their children to the high school to fit them, in the briefest
possible time, for & more comfortable life than they themeelves enjoy. This has made
the high echool population more diversified than ever befére; and the demands im-
poaed upon the schoals have become more numerous from year to year. For the first
time in history, secondary education is truly democratic. But it can not be denied that
the assimilation of so much raw material from homes giving no cultural impulses, and
of so many students baving no intention of entering higher institutions of learning,
is.one of-the’ most serious problems of the high school. :

8. More far-reaching than these changes of ideal and environment ln.ve been cer-
tain revolutions in school curriculs and‘methods of instruction. The natural sciences
have risen from compa obecurity to great prominence. Their inductive method
of inveaﬁstt.wn is conudaxes by many ga the freat panacea for all our tmubles. The
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influence of the laboratory method is undeniable. It is reacting, for example, on the
teaching of history and the languages. In so far as it insists on self-reliance and defi-
niteness of resultsand is productive of greater interest, it is excellent. But it lengthens .

’ school hours, calls for coatly eqmpment and demnnds muchoutmde work on the part
of pupil and teacher.

4. Itwould bedifficult, moreover, to overestimate the effect of the ‘‘new education.’’
Its fundamental precept that all wotk must be armnged psychologically and adapted
strictly to the child's power of comprehension is eminently sound. But it has also
given us the enriched curriculum,-and the doctrine of mtereet. which replaces alll
objective standards by the subjective attitude of the child. Unquestionably-this
means at once a distinct advance and a very real source of danger. The complaint is
not infrequent that in many cases the young are learning to depend too much upon
tho inspirational powers of tho teacher, that all real difficulties are carefully avoided, |
and that the very aim of all true education, to develop a strong character and to creats
gelf-activity and initiative, is thereby defeated.

During the paat five years we have heard much of the social functmn of the school.
Pleygrounds, evening echools, social centers, school clubs, a multitutde of new school
activities, claim the attention of teachers and pupils. A prominent professor kindly
informed us that until exercises in spelling, mental arithmetic, and formal grammar
should have become merely incidental and subsidiary, the high-water mark in teach- |

" ing would not have been reached. Tt is exaggerations of this sort that rob many other-
wise excellent ideas of their legitimate influence and place upon them the stigma
of the faddist.

A corollary of this new gospel of social efficiency is the new’
doctrine of mental discipline. Although not yet clearly formulated,
its nrain confentions are: (1) That mental discipline as ordinatily con- |
ceived is & myth, in the sense that no “‘general training” is to be |
derived from the intensive study of one or more subjects, such as
Latin, algebra, cte.; (2, that the dlsuplmary value of a subject is a
function of the interest which it inspires and of the motive guiding the
student; (3)%hat the cultural value of & sub)ect deponds on the extent
to “thh that subject can be, and actually is, linked with the activities | -
and the thought content of reallifo. In this waythe old static, historic, '
idealistic conception of mental discipline is being replaced by a
dynamic, realistic, practical view. (Cf. Formal Discipline, by C. J.C.
Bennett, in Teachers College Series, Columbfa University.)

It is not so much this new theory itself, as thoe hasty inferences ...
drawn from it by superﬁcml minds that we must regard as danger-
ous. Inthe first place, it requires no proof that the mere completion, *
however mechanical and stereotyped, of so much “‘prescribed’’ Latin
or mathematics does not make an educated person. It is equally
true that not all boys and girls find the old school subjects profitable,
and for a certain number of them industrial or commercial studies .

. are preferable. This proves nothing conoermng ‘the presence or .
absence of inherent disciplinary value in the present curriculum.
The early and onesided introduction of professichalism, nc matter
how successfully managed, is always deplorable. Wherever it
becomes imperative, it should be looked upon as a necessary evil. .
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* For ““it is difference in culture, far moro than difference in woal'ﬁl or

position, which separates man from man, and class from olass.”

The blending of liberal education and technical training is the su- .
i preme educational problem of our day. In Europe it has been solved

[ by a differentiation of schools. America may have to follow that
plan. Secondly, the new theory of discipline does not imply the
,cultural equivalence of all subjects. On the contrary, it demolishes

- ithat view completely. If it can be shown that mathematics can be ]

linked with a larger range of actual thought processes and activities
than typewriting or bookkeeping, for example, then the greater dis-

" i ciplinary value of mathematics will havg been established. dence,

instead of crowding out the ‘“‘old studies,” the new conceptioi of

mental discipline simply gives a.better criterion for testing their - :

,' value and should have the effect of securing better training.
. Last, not least, the mathemmtical cuiriculum has been affected
! powerfully by two other, mutuaiy opposing, forces. The Perry.
movement, & direct outgrowth of the trend toward more practical
mathematics, aims to abolish from the course all unnecessary details
j and to substitute experimental verification for logical deduction.
On the other haad, the tremendous progtress of scientific research,
effected by men like Pasch, Peano, Klein, Iilbert, Veronese, Poin-
caré, has called attention to the many flaws in the logic of our text-
books and has given new impetus to the demand for genuine mathe-
matieal rigor. - '
_GENERAL CAUSES OF FAILURE.

All these transforming influences if overlooked or dgnored by the
teacher may become prolific sources of fuilare™ The constant
shifting of the educational background demands on the part of the
teacher sound judgment, quick insight, wide traming, and the
capacity for sune, conservative, readjustment. The new situation
mekes each educational factor both an active and a passive partici-
pant in the educational process. The latter distinction is important,
88 it shQuld save many teachers. from unnecessary discouragement.
We shall proceed to examine briefly the principal educational factors
as causes of failure, either in ‘an active or in a passiverble.

.l. The Teacher.

Granted that the teacher nreets all the obvious preliminary require-
ments, such as a strong-and yet sympathetic personality, tact,
enthusiasm, he nevertheless frequently beconres a serious cause of
failure through any one of the following factors: S }

(1) Lack of professional preparation.—This is perhaps the most.
vital and distressing point of weakness in American secondary
education. . The only hopeful thing about it is that we are beginning
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. ’ . [ |
to feel this weakness. Much pounding was required to rouse us.
At first it was the foreign critic, or the acclimated American, who put |
his finger on the sore. Who has not read Prof." Minsterberg’s
scathing ecriticisms? And now every number of the educational
magazines sings the same melody.  ‘“Wanted—a teacher,” exclaimed
James 1I. Canfield, of Columbia University, 10 years -ago (Iduc
tional Review, December, 1900). Some reporte(l cases of profc&
sional ignérance seem almost incredible.  Time was when everybody
i thought he could teach everything. This miserable Jacotot fallacy
gradualy dominated American education, because it harmonized so
splendidly with the American spirit of self-nctlnty and independence.
Mr. E. George Payne, in a report published by the Kentucky Depart-
ment of Edueation, ISlOQ, tells of a young woman who planned to
. make ler entire preparation to teach German in “‘one of the leading’
i high schoolss’ in Kentucky by spending six weeks on the subject at a
summer school. Then he says, ““I insist that 90 per cent of those.
" attempting to teach the modern languages in the American schools,
especially in the Kentueky schools, do not pefform better work than
this lady diid in first-year German.” (See School Review, June,
1910, p. 433.)  Shoe king, if true. New York State three years ago,
had only 32.2 per cent of college graduates among its 4,668 secondary
teachers. - This means that the remaining number had only the
. oquivalent of a high-school education in mathematics. Their horizon
‘ was only a little above that of their pupils. How many high-school
. teachers of mathematics at the present day have ever studied analyt-
ics, not to speak of the calculus?  How many have ever seen Crystal’s
Algebra, or Hilbert's Foundations of Geometry, or have read the
pedagogical works of Smith or Young? All honor to the noble men
and women wlio, in spite of serious handicaps, have done good work.
But every cﬂ‘ort s]mu]d be made from now on by. individuals and by

schools to secure better professional equipment. u/

(@) Lack of professional contact.—Owing to the vast/extent of the
country it has been hard to develop esprit de corps oufside of the big
centers. Departmental organization in the large scliools was the
first step in the right direction. Associations of teachers soon fol-.
lowed, and any ambitious teacher can now make it possible to meet

~ his colleagues at the educational gatherings. For those ‘elo cah not
o go to these meetings the printed reports published in the'few mathe-
matical journals furnish a su! stitute. Lack of contact, hias_been and
still is a great source of stagn&tlon Let us hope it ma.y speedlly be
removed. :
" (3) Overwork.—It need. hardly be said that any teacher who has -
more than 25 periods a week of required work can not do that work
‘effectively. Entirely indefensible is the practice of loading on a
teacher three or four different subjects, especially if they are entirely

.
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“out of her line.”” Careless, half-hearted, indifferent teaching or
incessant worry is the inevitable result in most cases. - Many classes
are altogether too large. We hear so much about individual instruc-
tion and -personal attention and yet expect u teacher to inspire 40
young people at a time. So long as these.conditions prevail to any
considerablé extent no improvement can follow.

(4) Short and unstable tenure of office—Another very real source of
failure: There is altogether too much shifting of positions. It takes
several years to grow into a new position. A teacher who finds herself
at a different school every?two or three years cn pot expect to be of
great service to that school. A very lurge number of teachers drop
out every year, either to be married or to begin a different occupation.
Atthe 1909 meeting of the American Association for the Advance-
mfent of Science Prof. William C. Ruediger, of George Washington
University, presented the results of some investigations of the qual-
ities of merit in teathers. ‘e claimed that the best tdachers had
taught an average of 14 years dnd tho poorest 8 years. No teacher
who ranked first or second had taught léss than 5 years. (See
Science, for Apr. 15, 1910.) The shortness of the average teacher’s
service is due largely to the appullingly low salaries and to the uncer-
tainty of tenure of office. Saldries often are not up to the standard
of even the street lnborer. No great improvement in teaching need
be expected until we shall have (1) better salaries, (2) permunent
appointment after a limited trial period, (3) a pension guarantee after

a fixed term of service: 2
2. The Pupil.

So long as human nature is imperfect the problem of tlie pupil
will remain with us, especially during the critical period of adoles-
cence. However, many of the difficulties besetting the teacher
would all but disappear if it were not for the following great causes
of failure: E
, (1) Immaturity.—This is an entirely indefensible factor, in view
of the work done in European schools by pupils of the same age.
The enrollmen* of the Chicago public schools in January, 1909,
showed the following arrangement of ages:

25 Ages.

High school. o S ; ===~} Total
|1 | 18 1 15 18 17 | 18 | 19 | 204+

First-yearpuplls......J %] 4] 708 2,201 2,104{ 1.045| 267| 60| 14| 19 0,555
Second-year puplls. ... 0| 9| €@ '467] 1,236 4,00 532| 19| 27| 14 3,546

: (2) Lack of preparation.—A large majority of the teachers report-
ing o us' émphasized this point. It seems that our. elementary
. schools either find the problem of democratic education too big-a

v
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- task or use methods that do not produce lasting results. A very

large “percentage of children do not complete the school course
(Chicago, 1909: First grade, 38,239; eighth grade, 14,795).

« (3) Aimlessness.—The ‘‘life-career motive,” discussed by President
Eliot at the 1910 meeting of tlre National Education Assocmtlon,
becoming more essential in proportiqn as increased competition
demands greater -technical or professional equipment. Altogether
too many pupils have no dominant purpose that might keep them

- at work. A moderate vocational téndency may prove a partial

remedy, although it would be . grievous mistake to make vocatlona.l
xtudlos the so]e basis of our secondary education.

(4) Social diversions.—Pupils must, of course, have a certam
amount of relaxation. But many pupils have too much fun, too
much athletics of the grand-stand type, too many social functions.
They often develop the habits of grown-ups, become priggish, domi-
neering, sluggish, and incapable of persistent effort. Lack of home
training is responsible for much of this. A real educational crusade

must be begun to convince parents of the necessity of careful moral

and social training of their children. The increasing agitation
against fraternities and athletics is a welcome indication of a sound

* reaction against the social evils of the high school. .

3. High.School Organization.

The fact is that the high school has outgrown its present form of |

organization. "It is sinning every moment against the law that two
material bodies can not occupy the same space at the same time.
It loses a-tremendous number of its pupils (Chicago, 1909: First
year, 6,555; fourth year, 1,467). Those who graduate have an
education that must be pronounced both unsymmetric and super-
ficial.

(1) Lack of symmetry.—This defect is apparent not only in the
curriculum as a whole, but is felt in nearly every subject, especially
in mathematics; history, and ‘science. The average high-school

graduate can at best solve an ordinary quadratic equation or ana-
lyze a simple geometric problem. The geometry of solids remains .

foreign to him, the most helpful trigonometric relations do not form
part of his equipment, and, above all, he has not learned to apply
his mathematics t§ the réahtles of life. This meager outfit, so labo-
riously acquired, is speedﬂy lost because it is not broad enough-to
be of real use..

(2) Lack of thoroughnese —Premdent, Rush Rhees, of the Univer- .

sity of Rochester, after a year abroad devoted to a careful inspection
of European technical schools, stated at a recent educational meet-
ing that lack of thoroughness is the most widespread defect of the
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i \
ican educational system gives intellectual power, but fails to impart
intellectual life, and that in practical work it fails with reference to
methods of study. In mathematics all theso defects become agcen-
tuated through the tandem system—first algebra, then geometry,
then a year of complete interruption, then a review of entirely for-
gotten principles. A fairly good algebraic foundation may be laid
in a year, but geometry most certainly requires more time. A
comparison of the percentage of failures in clementary algebra and
plane geometry in tho tables of the appendix shows that geometry
is less successfully taught than algebra, although the poorest. pt pils
drop out at-the end of the first year, thus leaving a smaller and niore
mature body of students. 4
The effort to make tho. elective system remedy these defects may
be likened to an atfempt to cure dyspepsia with liberal doscs of
olive oil. The (igestive apparatus .would probably function nor-
mally if proper mustication*were not rendered impossible by too
rapid and ill-arranged feeding. The grqup system, which is no'w’
being substituted for an excessive elective system, will secure greater
thoroughness, but not neecssarily greater symmetry. Henee,
unless the prineiple of a cosmopolitan high school is to be given up
and vocational schools are to take its place a different remedy must
be found.
SPECIFIC CAUSES OF FAILURE.

Under this head we must limit ourselves to a brief consideration
of the aim, the content, and the methods of secondary mathematics
teaching.

Aim.—The onesided doctrine of mental discipline must go.
There need not be any antagonism between theory and practice.
Neither Euclid alone nor Perry alone -should be our guide. We
ought to have a fusion of the abstract and the concrete, a fusion
dictated by common sense and free from radicalism in either direc-
tion. A teacher who dwells exclusively on half~comprchended,
nonproductive subtleties is as. much to blame as one who empha-
sizes merely the How and not the Why. Real applications should |,
be introduced systematically, but the acquisition of a satisfactory
technique must not be allowed to suffer. Much of the indifference
so often prevailing in mathematical classrooms would disappear if
the teachers would take pains to make z and y talk realitics and if
they poured some life blood into the chimerical formulas of geometry.,

Subject matter.—In very many ’classrooms the textbook,or the
syllabus of an examining body ‘seems to be the only authority for
the content and the relative prominence of the topics considered.
Very many pupils fail to get the right point of view, In algebra
- the whole coyrse must be built around two leading ideas, (1) the

v g . an
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equatio as & means of stating and solving numerical relations, (2).
the devilopment of the number system. In geometry propositions

" should Ne arranged topically, and theorems having small inherent
value or ot serving as building stones for the whole system should
bo omitt&l. The teaching of incommensurables and limits will soon
become obtional. . In all cages the “thought nodes” should stand
out prominently in the pupil’s mind.. The course in secondary
mathematis should not be a monotonous array of facts stretching

- away on ah endless wire, but a landscape showing a few towering
mountains §nd many connecting va.l]oys

Method A discussion of method is always dungefous, for here

the experienced toacher considers himself on terra firnda. It wou'd
be the height of conceit, however, not.to acknowledge a connection

: between our poor results and our methods of instruction.

1. In the first place, our school hours should be periods of mstruc-
tion, of actull thinking and doing, and not merely “recitations.”
There is no doubt that the “little red scl;oo]houee " with its insuffi-
cient oquipment, is re.spomlble for the plin of assigning lessons from
a book without previous classroom discussion: In that little school
such a practice was a deplorable necessity, since the one teacher in
charge was not equal to the task of instructing many classes at once,”
or of mastering all the prescribed subjects. When the pupils had
done their “studying,” they were kept busy at the board or were
given much wntten work to do. In this way the textbook and the
‘blackboard gradually usurped .the place of the teacher, who soon
became & lesson-hearing automaton registering the “marks.”” That
which at first had been a mere makeshift, finally crystallized, under
the misunderstoodd maxims of Rousseau, Frobel, Jacotot, into a -
national policy. For this system of teaching was supposed to give
full play to the development of individual initiative, of self-activity,
etc. Thus it seemed to meet all the requirements of an ideal educa
tion. Apparently it turned out self-made men—and it was cheap.
How many slow pupils remained submerged forever was not deter-
mined. That this outgrowth of the pioneer days of the cbuntry
should retain so much of its power in the modern high school is a
new proof of the overwhelming influence of Anglo-Saxon  conserva-

. tism. The grotesqueness of the idea becomes apparent when we
¢ - - imagine Socrates assigning a lesson from Homer.to Plato or Aristotle.

2. The “recitations” should be less monotonous and less mechan- -

ical. The usual procedure consists in giving a brief explanation of
the advanced lesson, then sending a large number of: pupils to the
- board, where they consume from five minutes to a whole period. In
geometry there is a little more variation. It has been said, to be
‘sure, that.mathematics must be written inito the mind. But mechan-
ical writing is useless. First the thought, then the symbol.- How

EREWRV L
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little real thinking excessive written work often represents is proved
by those pupils who get splendid marks in algebra but are put down
as hopeless cases in geometry. The blackboard is a very vaJuable
piecs of furniture, but it should be reserved for reviews or snappy

drill work. Some teachers have very good success with a svstem of .

cards, kept in a Yiling cabinet. Theso cards are given oiit to pupils
for mxsccllm)oous blackbeard drill.

3. The cluss, and not the individual, $hould be the working unit.
This is true because individual instruction is usually impossible.
Tradning a cluss from the beginning to respond in a bod\' makes for
greater economy of effdrt, secures more uniform results, and leaves
tine for apphml work and laboratory methods. Tlus is the real
secret of the excellent results obtained in many Iuropean schools,
Every teacher of mathematies should read Prof. J. W, A, Young’s
“The Teaching of Mathematics in' the Schuols of Prussin.”” Two
members of this committee in recent years made a personal compara-
tive study of American and European schools, Mr. Betz in Germany
and Miss Wardwell in England. A detailed account of the French
system,. from the American standpoint, was furnished to the Roch-
ester section of the Associition of Teachers in the Middle States and
Maryland by Prof.gditzel, of Roehester, the latter -having taught
more than two degles in French sccondfiry schools. The, reports
all agree in finding m European schools greater concentration of

‘effort, as well as greater certainty and uniformity of good training,
nlthmwh these results are perhaps obtained at the expense of !

ongmaht_\ and spontaneity. The first thing that astonishes the
American visitor is the small blackboard and the imimense amount
of oral work. A limited use of the Prussian mcthod can be revom-

" mended unconditionally. A number of American teachers have

ried it and speak highly of it.

And yet, no-method can possxblv take the pluce of ageal emrthusi-
agtic teacher. The true teacher is an artist. e is ever watching
for improvements. Ile is not dogmatic, but eclectic. The best
thoughts of all ages and climes help lnm to wield an influence which,
through his, sk)llful leadership, produces s satisfactory harmon_)

v . REMEDIES.

Throughout this réport remedies hawe been considered in connec-
tion with the causes of failure.~ The remdedies suggested in our
questionnaire wers all received favorably by the teachers except the

first, which called for * more thorough teaching by taking more time,
. g Y

e gy snx-yonr curriculum.” Only a small number expressed an
Ofnmon in regard to it, thus md:cat.mg that the plan is not sufﬁcxentlv

~
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~
. At the risk of some repetition o propoae the follewmg addmonal'
remedies:. :
1. A siziyear curriculum, to begin at the end of the present sizth
grude. ‘—Not a single valid objection can bo urged against the plan,
Tho-present cramped curriculum seriously interfores with—
(1) The right sort of npprom'h to each stbject.
(2) Thoroughness of l]*binlill“il)". . ' .
(3) Permanence of j nnprkx\mm\
" (1) Applications of vital interest o puplls
(5) The coordination and proper sequence of studies. A
Many other reasons may be presented why wé need more time
than furmvrl\ Thoe follo\\m-' st might easily bo extended:
(1) We must get away from mechameal textbook tcucluug
2) Tho p;(‘\'alonu' of lubnrutur\ methods ¢gnsumes mora Time,
. The spirit of discovery is inconsistent with machine foutine. -
(3) The old curric ulum paid ’]lmost no attention to the demands
of actuM life. It ignored applications, ~ :
4) The roqunrcmvnh of ‘the higher institutions nml of tlle pm-
fessions are hecoming more intensive and extensive. 1
(5) The complexity of modern life furnishies so many dlstrnctmns
L to tho young student that more thorough t(-n(]nng and more reviews
are necessary than formerly, : )
- The plan has-béen tried in some Americah cities. For a detailvd
account we must refer to'the report of subcommittee 8. The six-year
. curriculum seems to solve many of our difliculties. -All possible
ul)ject'ions should be removed by considerations such as the following:
- 1. It has been tried in Europe. In England, France, and Ger-
_mnn) secondary edycation begins much earlier, usually at the'age of 9.
This long-continued, unified period of instruction, ylministered by
i carefully proparvd teachers, is primarily responsible {df the supremacy -
’ of Europe in sciefice and—perhaps—in foreign -commerce. Excel-
lent accounts of the Prussian system may- be found in the aboves
named book of Prof. Young, and in Prof. Klein's V. ortrige iiber den
Mathematischen Unterricht an den hoheren Schulen (meng, 1007).
A brief résumé of @eesent-day teaching of geometry in Europe and
Ameriga is given in A. W. Stamper’s "' A History of the Teacling
of Elementary Geometry” (Teachers College, Columbia University,
1909). -The German high-school boy, in the three types of seeondary
| schools, is given a total of 1,360, 1,680, 1,880 lnouN, respectively, of
: ‘unified mathematical instruction. This work is tompulsory, and
all but the first two‘or three years of it corresponds to secondary
mathematlucs in our country; so that 960, 1,280, 1,480 hours, respec-
tively, are given to secondary mathematics.  Plane geometry extends
i'_ . over & period of from five.to six yesrs; solid geometry over a period |
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of four years; trigon;mietry_, four years; algebra, six years.! Com-
pare with this our less than 200 glgebra periods and 200 geometry
periods. & pupil who takes four years of ninthematics in our high

while the German minimum is 960,

2. A six-year curriculum will secure closer contact with tife ele
mentary schools. .

3. There is no reason why our educational system should wot con-
sist of three periods of equal length— primary (6-12), secondary
(13-18), higher (19-24), . 5 oc

. 4. In a more extended secondary course it will be easier to discover

.8 pupil’s special aptitudes.

e. g., modern languages, can be utilized.

6. An incregsing number of pupils find it impossible to complete
the present course in four years. Instead of compelling them to fail
and drop out, we’could adapt the work better to their capacity.

7. Tho six-year curriculum offers the only hope of overcoming the
tandem system. All efforts to secure unified mathematical instrue-
tion have been useless under existing conditions.

II. The mathematics teachiers of the future must lay a much
broader foundation in their own preparation. No candidate Iacking

- a knowledge of the rudiments of trigonometry, analytics, the celeu-
lus, and elementary mechanics, ought to bo appointed to a high-school
position in mathematics. A familiarity with surveying and shop
work is also very desirable. Salaries must be made sufliciently high

“to justify this increased requirement.

"~ IIL There must be more oxpc"t supervision.  This should not
be of the nature of petty fault-finding, but should bo administered
with a.spirit of cooperation and inspiration. The experience of other
countries justifies the belief that this is & much more effective method
of stimulating teacliers ta better efforts than our periodic examina-

- tions, which frequently secm @ be narrow and pedantic, and to select
incidentals rather than essentials. :

CONCLUSION,

It should, not be forgbtten‘ that many of our cducational troubles
are fundamentally due to weaknesses in human nature. Hence our

. broad outlook upon the educational situation in‘its entirety. Whgthcr
we have succeeded in’ this or not we must leave to the judgment of
- the reader, : ' o

llug'o! course necessary to re'mumbet that ofdinarily four \%ek'ly periods are de{voied to unified
-mathematics, not to algobra or geometry alono, -

schools gets & maximum of less than 800 periods of instruction; -

" &, The proper psychological monient for teaching certain subjects,

aim in this report has been to avoid mere bickering and to.retain a

Y
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) APPENDIX,
»
) Rerorts or ReaexTs ExaMivaTions,
4 5
Tante I.—Eramination of papers.
¢ b Papers Papera Percentage
» BETgRrle . !exum\n(-d. paased
Looglish, lirt.year, 2,561 SL118 43.6
Latin, Hral)mr 10,451 5,901 5.5
Llemenmrv ulnohr 15, 166 10,543 69.5
German, ﬂr:t yoeur. 5,382 3,536 3l
Cresar.. 4,351 3,284 -75.0
(lcumur,\' 9,028 4,908 54.4
1
X, i
anlhh firstyear,. ...l L e e | 3,424 1,554 45.8
Latm, tirst year. © 0o ©0c0op o nossm 0o oo aoob ! 10,293 5,854 50.9
Elementary alpeli .. P ) 14,234 | 8,784 61,7
Goerman, Iusl) L S PP 1. 5,%05 4,641 8.7
Ciesar. . ... P : 4,578 3,343 74.8
GeOMmetIY et oo 10,2 6,007 © 9.4
)l .
19 :
English, first year. C. o° 4,974 2,435 49.0
Lotin, first year. .... A 11,312 0.% 56.1

| Elementariuluebny, o 16,420 10. 62.7

: German, Oist year. L L BGsD 4.542 69.0
Ciosar ..., c T e 2,854 54.9
Geometry . oeeeennn.. 20000000000000000 i 9,458 5,048 50.7
English, first year G, 454 3,158 448,
Latin, first year.. ... IR 6,845 571.9
Element: iy alpebra.,, 17,085 10, 895 63.8
German, first year... 4,077 4. 638 o 65.0

. Cosar...... ool . 6,461 4,810 72.4
GeOIIEITY Lt e e 11,067 6,656 601

1902 .

] Enghish, st ¥0ar. ..o e e e : RKIN 4,549 5.2
Lo, tirst year. . ... . 12, 1% 7,565 ° 62. 1
Elementarvalgebras, ..o 15,416 13,380 2.7
German, first year. .. 1.36% 5,228 710
Cwgar 0000 8,160 4,203 -60.7
Geometry. . ooveenen . 505006600 05 BEOOE DPOBOE BOBEIO00E > HOBOEDE 11,030 6,67 60.5
Engish fustyear. .. . 0 oL 10823 5. 568 51.5
Latin, first year.. ... R 1, Kdn 7,809 66,7
Eletnentary ulgebia. . | 0 10,044 818
Getman, tirst year 4,303 60.2

4,702 . 1

6,041 58.0
. English, first year. . 8,250 63.
: Latin, first year. . 7,001 8.

i .,Flcmonmry ulp.ebru K 11,672 as.

| . Uerman, first year. 5,806 |- 60,

1 . Cesar........... 4,880 69,

H Qoometry..oeeeenrn i, 7,200 42
English, first year 8,737 8.
Latlao, first yoar...... 6, 400 51,
Elementnry algobra 12,005 <8
German, ﬂmt )ear 5,431 65
Cmsar.... 4,260 88.

.8,908 *. 88
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TaBLE .— Eramination of papers—Continued. , Y
q Papers Papets Percentage
Snbjeet. examined, | passed. pussed.
.
English, first year.. ... . 17,7.';8 0l
Latin, first yoar. . 11,642 a2
Elomnnuxr) algehra, .. . 19,772 T
German, first year.... ... . T 7,473 21
Ceosar .. ... ; . 7,277 o
Oeomot.ry.. ............ 11, 262 nT
nﬁllsb first year...... CENR R 39960 5 7377 s aaa=mp ot . 13,08 (... R 4
tyear .............. ol 7o o5 B Fa 1 B K509 [ " 60,0
Elemenlaryalgohm...... o SRR R S 16,380 |. 54.0
German, first year... . . 4,819 &A1
Ceesar.................... .. 5,613 79.0
Geometry, ... 7,994 TEN
1908,
Enﬂsh first year. . SEROR -, = e o ST RE 21,22 ) . n2.3
t rear....... . < s B i 13,977 | ... ... it
Elemonuxry algebra... : 20,426 642
German, first year. . RS2 .. . &40
®sar...... SRR PN N 603
Geometry..... wos [T 2.4
. |
English, first year.... ........ . g v e e 2,30 [, . | N4
Latin, ﬂnt)oar ovoipa oFla bg = g ¥ . ; 17.641 L4 [
Elementary algetira, J dnwe [ T
Gorman, first year..... 1T T e ! QIR 744
Ceosar . .. ] e | N
ceee e T 4.3
VIn thivyeur transition was made from pass ark 74 per.eent 1o fo pereent. .
e
TaBLe H.—Summary of pre-academic apd academic exraminations, 15941904,
14 1805 'o 1596 l 1897 1808, 1899
417 ! 7 I 517 l 557 (] 19
HULNTH D 405, 357 419,802 | 445,235 | 40, 471 N, R4
59 I (1] 57 Y (U 61
1801 1902 1903 14
Schools 00 7% 730 751
Papers. ... SER. R | BAR, 301 Rig, 241 b4, KRY
Per cent pa el 66 [ ) 70
5 V‘A
TanLr LLL—Gieneral arerages, in pereentages,
Suhjects, L 17 1908 1809
\
704 4.4 81.1
84.7 75.7 - 675
67.5 7.5 68.8
67.8 (2,21 55. 7) (66726 67)4
52,215 papers. papers.
8.5 Feeo | 80.4
81. 4 (54,882 868) (64,400 69)8
" pape papers,
87.0 (52,907 Tl L1 (w'aoa 7.
’ pers, Ppapers.
668 LR (35'730 .7
papers.
’ 02.9 60| ' 67.8
! 25.3 37.8 28.1
(408 papers.) | (1,378 papera.): (3,883 pepers.) .
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REGENTS EXAMINATIONS, - - : 111
TabLE V.'—Repom of eollege entrance cxamination board.
Subjects. o ] 1008 1903 1907
Eugllsh,po examined 1.857 2,836 |- 2,52 2,900
Passed, 60-100 per cent. . ... ek 72.5 2.7 59.3 58.8
History, pa rsexnmlned 1,068 1.324 1370 1.671
Passed, 60--100 per cent. . 53.2 5.0 7.3
Latin, pspem examined. . 3.860 5. 060 5. 603 6.101
hmvd 6i}-100 per cent™ . 49.4 62.8 49.9 47.9
(‘.r~ur pnpcrqemmlned .. 414 670 608
H Passed, 60-100 percent. ................ 61. 4 1 61.3 53.6
+ Gennmbx_apersemmmed ........... 904 1.235 L 2600 1,629 o
P 100percent............... 5060 . 68,1 6.6 60.8 75.3
Elementary German................. . 632 | - 778 853 1.082
Passed, 60-100 percent....... . x4 2.6 64. 6 64.3
Mathematics, papers examined . R ) 3.0m) 3,327 3.851
Passed. 60-|()0 pereent. ...l s Ll 576 8.1 63.9 H8.9
TasLE VI.—Percentage ofWaprn, 19011807 .
. - Ratings. . a _'. 1901 | 19M I 1903 { 1904 l 1905 1 1906 | 1907
N i L :
G-to0percent. ..., ..., ... 959 008 ©00000000000600000 59.3 | 55.0158.2]60.1 I 56.218.7] 5.3

Conclusions and criticisms.—Concerning the figures of Table' VI,
Dr. Thomas 8. Fiske, the secretary of the board, says:

From an examination of this table it would .sppo.\r that we must make one ormore
of the following three inferences—
(1) The question papers sct by the board are steadily becoming more djfficult.
(2) 'Fhe board’ > regders are rating the answer books submitted- by cunffidates wi*
f steadily i mcrexmmg severity.
(3) As the number of candidates examined by the board increases, the quality of
thesverage candidate’s preparation in steadily deteriorating.
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COMMITTEE NO. IV. MATHEMATICS IN THE PRIVATE SEC-
. ONDARY SCHOOLS OF THE UNITED STATES.,

PLAN OF THE INVESTIGATION.

Membership of the committee.—The following study of the teaching
of mathematics in the private secondary schools of the United States
has been made by a committee consisting of the chairman and three
other members, each of ‘whom has had the assistance of a sub-

. committee in dealing respéctively with boys’ schools, girls’ schools,
p Y A

and coeducational schools. The field assigned to the committee
includes schools connected with religious organizations and pre-

. paratory departments of colleges, but not special schools such as

trade schools and schools for defectives.

The members of the subcommittee were selected with view to
including representatives of various types of schools and, to some
extent, of diTerent sections of the country.

Method of collecting the data.—The only publications to which the
committee has found it desirable to refer are the unnual reports of

the United States Commissioner of Education, from which statistics’

in regard to organization of schools have been taken. At the begin-
ning of the investigation, catalogues of several hundred schools
were examined without finding anything of value for ‘the purpose
in hand. As the private schools in the United States are subject to

‘no centfalized control, no comprehensive view of their organization

or of the character of their work could be obtained except by apply-
ing to the schools themselves for the information. The method
of the questionnaire scemed to be the only one available.

A questionnaire, referred to in the report as the principal question-

naire, was sent, by the United States Commissioner. of Education,
in behalf of the cominittee, to all the schools of the country! within

additional topics was sent by the committee to & limited number of
schools selected so as to include different types, sizes, and locations.

! The expression ‘“all the schools,” used frequently in the report, means ali the schools in the records
of the United Btates Commissioner of Education. .

R R L. 2a o "o o g’ L SN e Ly
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- the commiittee’s field. A supplementary questionnaire covering -
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Prepamtwn and character of the report.—The returns from the
questionnaires were studied by the subcommiittees, and reports
were prepared by the chairmen. Separate reports upon the fields
represented by the subcommittees would involve so much repetition
that it has seemed best to combine all the data i a single report,

-indicating, whenever an important distinction appears, the variation

in the practice of the different ty pes of schools.

The gremter part of the report is devoted to a statement of the
general conditions of mathematios teaching in the private secondary
schools of the country. The general plan putlined by the commis-
sioners included, besides a description of present conditions, a state-
ment of progressive movements. This second phase of the investiga-

tion was not neglected in planning the questionmaires, but very-

meager replies were recoived in answer to requests for criticisms of

prevailing methods and recommendations for improvement. . Tho -

committee has therefore concentrated its attention upoen that pa

of the plan which it understood to be of first importance, and fdr
which reliable-data could be secured within the controlling limits
of time and expense. The report, then, is for the most part s

_ statement of common-place facts, whose purpose is to give n correct

view of the general situation. Obviously it is impossible within
reasonable limits of spnce to give.a complete statement even of the
facts in hand, but in condensing @i data special effort has heen
made to avoid misleading statements. With this in view tha record
of the genernl practice with regard to any feature of mathematics
teaching is commorily amplified by a description of the varintion
from this central tendency.

Of course such a statistical summarv of the situation as that
described in the preceding paragraph can not reflect the spirjt of
the work which is being done in the schools. Indeed, the reader

may gain tho impression that. the teaching in the private schools

is mechanical and unprogressive. As a partial offset to such an
unpreselon a few brief statements of distinctive features of the
work in their own schools have been contributed hy members of the

oommnttee and other directors of mathematics. These statements -

are ‘quoted in full at the end of the report.
EXTERT AND CHARACTER OF THE DATA.

The pnnapal questumnmre —The principal questionnaire brought

in time for use in the report, ropfms from 418 schools, or 23 per cent.

of all the schools in the country belonging to the field to be studied.

" Tho numbers of roplies representing different types of schools and _.

the- percentage of the total numbers of the schools of the various
types are a8 follows:
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|
Number of | Perventage of
-T f achool. . all sah
. ypeo. o replies. thelype.“
Pmpumtory departmenu- of mllegeo— ' .
. orbos........ 20....... ...
Forgirle. ... ... . ! 20... .. .....
~ For othsexes e e 470 ... .
Total......... ... . L 92| 19
Inde]pendont secondary schovls— A. :
............... T . 98 35
Forgirla. ., ..... R 94 28
. For ol.hsexos..,.‘.._..ﬁ S L 134 . 20
Total........... . . . St 326 | 25
Roman Catholic echools. . . .. T 59 16
Othér religious schools... . .. . .. . . . Tl 94 24
Nonsectarian schools. ... . ... .. ... .. ... .. 173 32
In New England 2. ...~ ... ... . . : 68 38
Middlo Atlantic States....... . ... ... : 93 30
South Atlantic States. AU e 12 20
South Central States..... . . .. R, o 2R 14
North Central States.... . .+, .. . 50 oso & o .8 27
Western States. . . 5 o & ) 17 18
i : .

' Tln‘ ﬂmaa mnsllmtlnx thes \nrlou- gTOUPS are:

New Englaxd States: Muine, New Humpshire, Vernont  Mussachusetts, Rhode Island, Connecticut.

Middle Atlantic States: New York, New Jersey, Peunsyivanis.

South Atlantic States: Delaware, Mu)lund District of Colunibia, Virginis, West Virginin, North Caro-
Itna. South Carulina, (leorgia, Florida.
. South Central Stafes: ’\(‘Hllllky, Teninegsee, Alabama, Misisdppl, Lonislana, Texas, Arkansas, Okls
OINA,

North Central States: Qhjo, Indiana, lllinoba Mkhlgun, Wisconsin, Minuesota, lows, Missouri, North
Dakota, Houth Dakota, Nebraska, Kan

Weatern Statex: Montauns, Wyoming, (olondo New Mexico, Arfeona. Utab, Nevada, 1daho, Washing-
ton, (lrogon Cotifornia. »

The number and percentage of roplios with regard to nearly every

group of schools referred to would be large enough to give a satis-

factory Indication of the general character of all the schools of the
group, if the schools réplying were selectedeat random. It is natural
te suppose that a larger percentage of schools of high grade, than of
less eflicient schools, would respond to the quosuonnmro, but it is
impossible to say to what extent this supposition is jystified. A
slight clue to the reproqontntlve character of the returns may be
gaunod by comparing the size (numbér of pupils) of the schools report-
ing with the average size of all the schools. The average enrollinent
for all the independent private secondary schools for the year 1905-9
is gwon in the Intest published report of the United States Com-

" missioner of Education. As the statistics reported in returns to the.

quostlonnmro are for the year 1909-10, the figures are not strictly
comparable, but any marked tondency toward the exclusion of the
smaller schools. would be evident by such a comparison. The
respectivo average enrollments of the reporting schools and of all

. the schools mcluded in the oommmsxoner’s report for 1600 m-—-for ';_ '.
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boys’ schools 93 and 82, for girls’ schools 62 and 60, and for coedu-
* cational school8 91 and 75. 5

The correspondence hotween the two sets of figures, takon with
the fact that the reported enrollments exhibit a very wide variation,
indicates that, whilo the smaller schools aro somewhat less generally
represented than the larger ones, a fairly truo picturo of the genoral
tendency and variability in this one respeet may bo gained from
the reports. The ﬁgmm n regard to many other details of organ-
ization indicato such definito tendencies, with such regular variation

representative.
The supplementary questionnaire.—The supplonwntnr\' question-

tionnaire. Tho coeduentional schools were poorly represented. and
the proportion, as well as number of schools fronr the North Atlantic
States, was much higher than for other sections of the country.  The
replies include only four Roman Catholic schools and very fow
preparatory departents of colleges.  The proportion of very small
schools is much lower than in the returns to the prineipal question-
naire. ,

- Tho dgta obtained from the supplementary questionnaire should
not, therefore, bo regarded as ropl_-osontnti\'u to the samo degree as
that of the principal questionnaire. The replies to qucmons of
opinion are valuable only as indications of the consensus and variu-

in the moro populous and wealthy sections of the country.
Following are the numbers of rophcs from the various groups of
schools:

Boys’ echools....ceovneeveeene. oon. 43 | Schoola gitvated in—
Girls’ achools ........................ 59 New England States, ... .. .. 31
Coeducational schiools. o............ 87 Middle Atlautic Staten.......... b1
) —_— South Atlantic States. ......... 13
Total's. oot 139 South Central States.....o...... 11
3 . fm == North Central States. ... 56000600 27
Religious schoola. . ........u....o.. BB Western States. . ........ S o ] . 4

Nonsectarian schools. . .. .. C 79

Other sources of inaccuracy.—Many replies to both questionnaires
wero incompleto and somo wero obviously incorrect, In general,
“ambiguous answers and those indicating a ml:,undorstnndmg of fho
questlon have been excluded. In the presentation of each topic is
given the number or proportion of the replies upon which the state-
‘ment 18 based.

In order to reduce the labor of ﬁllmg out the questxonnmro blanks,

° meny questions were so presented that answers.could be given by
. crossing out items from a list of possible replies. Where the items

1 Two snonyinous reports oould not be included tn the classifications scpording to lagation and religions
t

toward the extremo values, that they, too, would scom to be fairly .

nairo brought about one-third as many replies as the principal ques-

tion of opinion among teachers representing chiefly the larger schools
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: given aro not alternatives, this method is likely to cause error through

the failuro of the reporting oflicer to cross out. every inappropriate
item.  Note of this source of inaccuraey is mado in the presentation
of topics in which it is pertinent. .

ORGANIZATION OF PRIVATE SECONDARY SCHQOLS.

Types of schools.!~During the Colonial period tho American second-
ary schools wero " Latin Grammar Schools,” whoso function it was
(o prepare boys for coliege. .During tho first half of the nincteenth
century the typical secondary school was the academy. 1t was only
-incidentally a preparatory school and furnished o broad” general
courso of study.  Many of these schools were endowed. and a low
tuition fee, or in somo cases freo tuition, mado it possiblo for children
from families in moderate etreumstances to attend.  Somo of the
acadomios woro for boys, others—usually ealled “foruglo seniinaries"—
for girls, but many were coeducational.  They usially provided for
boarding students.  Many of them were under the control of relig-
ious bodies. With the rapid development of the public high schools
during: tho latter half of the nineteenth contury, many of the acade-
fiies ceased to exist or were transformed.into public schools.  Others
beeamo moro distinetively preparatory schools.
i © Tho private secondary schools of the present day include the fol-
lowing fairly well-marked types: (1) The surviving.academies and
i . other more recently organized schools of the ssmoe type, including
© many of the schools connected with religious organizations,  (2)
Privato schools having relatively high tuition fees, usualy for one sex:;
Tho cities, especially those in the North Atlantic States, usually have
day schools of this grade.  Tho boarding schovls yro ordinarily in the
country or in small towas.  (3) Preparatory departments of colleges.
(#) Secondary departments of clementary schools, including many
;  Romun Catholic schools for girls.  There aro also a fow large, finoly
equipped coeducational schools maintained in conneetion with the
departments of education of somé of the larger universities, or sup-
ported by other organizations for the purpose of contributing to
progress in education, 3

Classification of schools according 1o sex of pupils.—Of the 1,301 in-
dependent private secondary schools reporting for the year 1908-9
to tho United Stites Commissioner of Education, 21 per cant were
. for boys only, 28 per cent for girls only, and 51 per cent wero for bot]
soxes. Of 422 preparatory departments of colleges (not including -
those under State control), 21 per cent were for boys, the same per-
.centage for girls, and 58 per cent wero coediicational., ~

1 The first péragraph is based upon a monograph on fceonidary Fducatlon by Elmer Elisworth Brown

R 1o 8 serles of monographs on Educatlon In the Unlted Blates, edited by Nicholas Murray Butler, Albany,
4 1900, The second paragraph is based upou the author’s obeervation, combined with returns from the '
b questionnaires. £y as Y o G o
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Geographical distribution—The Middle Atlantic and the North Cen-
tral sections have each about 300 of the indepondent schools.  New
England, tho South Atlantic, and the South Central sections have cach’
about 200, and nearly 100 schiools are in the Western States. The
proportion of boys’ schools is relatively high in the castern part of the
country, and that of the girls’ schools in the North Céntral nnd West-
orn States.  About half of the schools in ench scction of the country
are coeducational, except in tho South Central and Western States,
where the coeducational schools form, respectively, 65 per cent and 34
per cont of the total. Practically none of the New Epgland colleges
have preparatory departments, and there aro comparatively fow in
the middle Atlantic States. -In the other sections of the comntry,
however, the colleges commonly have such departments, and in the
North Central States alona thero are 180 of them. A majority of these
preparatory departments are coeducational, but in the Southern
States thero are many connected with colleges for women.

‘Religious_connegion.'—Twenty-nine per cent of the independent
private secondury schools are controlled by the Roman Catholic

~Chureh, and 30 por cent are connected with other religious demomi-
"nations. Thirteen per cent of the preparatory departments of col-

leges aro Roman Catholic and 69 per cent are connected with other
churches. Two-thirds of the schools in New England aro nonsee- -
tarian, while in other sections of the country the majority are religious
gchools. The Roman Catholic schools for girls are very numerots
in the Central and Western sections, forming 70 per cent of all the
girls’ schools in-that region. A majority of the Roman Catholic
schools for boys aro connected with colleges; 50 of the 88 preparatory
departments for boys are Roman Catholic. Sixty per cent of the
independent schools and 70 per cent of the preparatory depurtments
connected with other religious denominations are coeducational.
Day schools and boarding schools.—Of 404 schools reporting on this
point in asiswer to the principal questionnaire, 31 per cent are duy
schools, 10 per cent boarding schools, and 59 per cent take both dny
and boarding pupils. The same order holds in ell three classes of
schools (boys’, girls’, and coeducational) and in all sections of the
country; that is, the greatest number take both day and boarding
students, and the schools for boarders only are least numerous.
There.aro very, few schools for day pupils only in the South and West.
Age of schools.—Three hundred and eighty-eight schools replying
to the principal questionnaire gave the date of establishment (or that
of the secondary department). (See fig. 1,) The ages range from 1
year to 265 years, a few of the oldest preserving the name ‘‘Grammar
School.” * Twenty-one of the schools are over 100 years old, includ-

VTt 15 safe to say that many schools reported as vellgl hool bject to no control by religous

: are
organizations. . We have no means of separsting thess schools from those properly classified ‘ns religious

. 4

&
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ing. some of the oldest acadamies. Only 16 have been established
within 5 years. The-median ggo of the boys' schools lies between 40
years und 50 years, that of the cocducational schools between 30 and
10, and that of the girls’ schiools between 20 and 30.  Thirty-seven
per cent of the boys’ schools and 34 per cent of the coeducational
schools are ever 50 yonrs old, while only 19 per cent of the girly'
schools are as old as this. . . !
Number of pupils.—In 1908-9" fo average enrollment in the inde-
pendent private secondary schools was, in boys’ schools 82, in girls'
schools 607 and in coeducational schools 36 boys and 39 girls. The
varinbility jn the sizo of sehools may be judged from the following t 1

¢ table hased on 345 replies, although the average enrollment in these
schools is about 18 per cent higher than that of all the schoals referred
Qo (s 6 s g g
to above.  (See fig. 2.
" Distribution of 343 achools, including ;wpamlory departmenta of colleges, according to
. number of pupils. i
) Enrotinent, ; l
f — ® T N O _‘] Total num.
8chools. ) l i ber of
More than . 401 (o l Wito | o] i00to! Sito | saer replies.
w0 e e | e {, 1o [ less
- ok —— s S|
i
Bors'schools.......... ... 1 ! 1 3 7 2 30 36 1 i ’
Qinly £ houts, oL T R i 11 2, e N
Cocd 1o tion .4 school 2 [ ¢ 12 “ 33 [t Lt
Alischoots..... ‘... . -7 2] o‘ | ml | 147 35

Tho two largest schools, which have respectively 1,048 and 580
pupils, sro both coeducational day schools and are connected with
higher institutions, situated in one of the largest cities in the country.
Tho largest boys’ school, with an enrollment of 500, is an independent
secondury’school—omno of the old academics—located in a small town
in New England and taking both day and bourding students. The
lorg>s* girls’ school reporting its enroilment has 916 pupils. Itisan
independent day school in a Now England city'of moderate size.

It will be noticed that more than half of the girls’ schools and 42
per cent of all schools had not more than 50 pupils each. Eighty-
five per cent of the girls’ schools had not more than 100 pupils ewc%x,
and in 90 per cent of all the schools the enrollment was not over 200.

Number of pupils-per teacher.—In 1905-6* the average number
of pupils per teachor in all the independent private secondary schools

- was as follows: For girls’ schools 6.9, for boys’ schools 10.4, and for
coeducational schools 14. The variability of the number of pupils
to one.teacher for 342 schools® is shown below.

-" 1 Beport of United Btates Commissioner of Education, 1909, .
$Report of the United States Commissianar of Education, 1006. This is the most recent report giving
detatied statistias of scondury schools, | -
G 4 Data of principal questionnalre. L
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Number of pupils per teacher. ‘ 1
. .
— 3
. 4610|4110:38t0{31t0[%810 |21 t0[16t0 |11to] 610 | -Sor | Total o
Bahools. number X
B0 45| 40| 3530 28 |'® |15 P10 | less. |Rumber 1.
| ; H
Number of boys’ schools....! ...... ! ...... L. ’ ...... 3 6| 0] »| 4 12 105
Number of girls’ schools. . .."......"...... [ O 2 7 15 37 25 8
umber of corducational | ' ! i
80B008. ...verrnrnn e D2l o3l 2 2 sl AR AR 7 151
| o i |

Eighty-two per cent of the boys’ schools and 90 per cent of the
" .girls’ schools have not more than 15 pupils per teacher, while only 63 e
per cent of the coeducational schools come within this limit. The ‘
nine coeducational schools in which the ratio is highér than 30 ‘pupils
to one teacher are nearly all in the Southern States. : .
» Length. of school year.—The length of the school year as reported
by 407 schools is as follows: .

With the exception of one school which has only a single year of
secondary work, the minimum school year was 25 weeks in a small
coeducational day school in New York City. The maximum reported i
by three schools was 42 weeks. Sixty-four per cent of the boys’ '
schools, 50 perggent of the girls’ schools, and 87 per cent .of the

* coeducational schools have a year of from 36 to 40 weeks. All but
13 out of 407 schools have more than 30 weeks. Most of the scﬁ%’
with a very short year are girls’ schools in the East. The Roman
Catholic schools commonly have 40 weeks. The school Yyear is shorter
in the East than in the Central and Western sections; 41 per cent
of the eastern schools have a year of 35 weeks or less, while in the rest
of the country only 15 per cent of the schools reporting have so short
a year.

Connection with other departments.~—Among the 418 schools replying
to the questionnaire, elementary departments are maintained by 60
per cent of the boys’ schools, 79 per cent of the girls’ schools, and 44
per cent of the coeducational schools. In boys’ schools the cle-
mentary department is as & rule relatively small, and in girls’ schools
and coeducational schools the same is true in a majority of cases,

.
-7 ——

but many of the Roman Catholic schools for girls and for both sexes i
have large elementary departments, with comparatively few sec- .. |
ondary studerits. * As already stated, 22 per cent of the schools reply- .

ing are connected with colleges.” Besidgs these, about one-sixth of tho
schodls give some work of collegiate grade. - ' :
G Ovurses of study~—TPractically.all the echools offer college prepara- !
. tory courses, About 20 per cent of all the.schools offer only a single 7
course=—ugually plinned to:meet collegé requirements—although g
.some choice of studies within this course is often allowed.* This
_practice (single course) is commonest in boys’ schools: and least com-
o' mon in girls’ schools. ‘A more general.plan is to offer two courses, a

»44,.
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; college preparatory course and either a scientific course, & general
‘3 course, or a commercial course. Many schools differentiate more
2 widely, offering three, four, or even five courses. In 1908-9,' 29

per cent of the boys and 10 per cent of the girls enrolled inindependent
private secondary schools were preparing for college.. A majority
(53 per cent) of these boys were in scientific courses, while 71 per cent
of the'girls were in classical courses. Sixty-one per cent of the boys
and 23 per cent of th‘e"girl's in the graduating classes intended to enter

* college. Commjercial courses are given in comparatively few (about
one-fifth) of the girls’ schools. Most of the Roman Catholic schools
for boys give commercial courses, and a relatively large proportion
of the Roman Catholic schools for girls give sich courses.

Except for commercial students, four years is ordinarily the length
of the secondary course, pupils entering at about 14 years of age.
About an equal number of schools—~7 or 8 per cent of all—have i
courses of three years and five years, respectively, and a few
schools make six 'years the normal period. The schools whose courses
are lcnger than four years usually admit pupils at an earlier age than
the others, or give work in advance of the requirements for admission
to college. Among the schools which maintain elementary depart-
ments there may. be little real distinction between those which

. report a secondary course of six years and those which label only
+ four of those years “secondary.” Commerecial courses vary in length
from one to four years. In the boys’ schools four years is the common
length, and in girls’ schools two years, while in the coeducational
schools courses of four years and two years are about equally common.

Number and sez of teachers.—In 19056 the average number of
teachers per school was, for boys’ schools 7.2, for girls’ schools 7.8,
-and for coeducational schools 5.1. In each case the average is smallest
for the South Cpntral States. It is largest for the Middle Atlantic
States, except in\coeducational schools, in which the Western States
give the highest dyerage. The variability in the number of teacliers
per school, among\327 schools,® is as follows:

Percentage dist\pution of 327 schools according to number of teachers.

Numl’mo! teachers.  Total
" o hors
‘More [|18to|1110] 6 to [ 5 or | Of echoolse
_ than 20, { 20, | 18. | 10, | leas, [ 0Oluded.
3 . e
A .
Percentago.of bo{:’ schools. ... ...oo.iiiiiiniinnnnnn.. [ ) 8l 83| 28 0
Petcantage of gir] "ochools. ... ... ..cocviiiiinnenn. ©o000 1 8 19 80 3% 8 .
Percantage of coeducational schools.......... 00000 3 [ 9. 3] 4 188
t Report of United States Commissloner of Edueation, 1900, 3 Data of principal questiomnaire
$Ibid,; 1008, . ' - _
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The maximum number of teachers reported for the secondary
department of any one school was 21 for girls’ schools, 38 for boyvs’
- schools, and 54 for coeducational schools. Several of the coeducational
schools report only one teacher. Eight per cont of all the schools
reporting have more than I5; 80 per cent have not more than 10.
In 1905-6,' 93 per cent of the teachers in boys’ schools were nien;
93 per cent in girls’ schools were women; while in the coeducational
schools 54 perscent were women.

THE DEPARTMENT OF MATHEMATICS. -

Number and sez of mathematics teachers.—In the roplies to the
. printipal questionnaire, about 90 per cont of tho boys' schools and
coeducational schools and 75 per cent of the girls’ schools gave lists
of their teachers of mathematics with the courses taught by each
teacher. The records of about 800 teachers are included in these
Teports. :

In the boys’ schools practically all the classes in mathematics aro
taught by men, in the girls’ schools 93 per cent of the teachers hre

-women, while in the coeducational schools 63 per cent are men.

In about one-third of the schools reporting, the work in secondary
mathematics is done by a single teacher, who, as often as not, teaches
other subjects also. Several of the largo boys’ schools have as mainy
as eight teachers giving all their time to mathemnatics. ’

Teachers’ assignments.—About 30 per cent of the teachers teach -

only mathematics and give at least two hours a day to teaching.

About 60 per cent are reported as teaching other subjects also. In

the remaining cases, only mathematical courses are listed, but, as

only one or two courses are assigned to each teacher, it is probable

that many of these teachers have other teaching assignments which
- were not recorded. In the Roman Catholic schools it i3 the common

practice to divide the work in mathematics among several teachers,
- each of whom teaches several other subjects.

In the list of subjects other than mathematics assigned to mathe-
matics teachers, every subject in the curriculum appears, Those
most frequently mentioned are, in order: Natural science (especially
physics), Latin, modern languages,-and commercisl subjects.

About one-eighth of the teachers hiave classes in mathematics in
elementary or collegiate departments as well as work of secondary
grade. . .

The returns giving the amounts of timé Pequired of tedchers in
teaching and in other school duties are not sufficiently reliable to

warrant a quantitative statement. They indicate a very wide varia-

tion, some teachers giving only a single course while others are re-
ported as teaching an incredible number of hours. As illustrations

” } Rapart o United Btates Cominisslaber of Eduoation, 1908
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of practice, in some of the well-known schools, whose reports were o
evidently made with care, the following figures are given, but it is
not intended to imply that they are typical: : ‘

Number of min-
Number of min. o
Schools. utes of teaching. “ws‘?{lg:‘h"

A boys' boarding scheol in Pennsylvania

( 1. A boys' boarding school in Pennsylvanla........cc.oevevennn..... ( 675!00%6 (mm.gg)'
average, 876). | (average,
. 2. A hoys’ day sehool i Now York ClUtg. .. evereneeeessiosvnnin. ( 1,200 m'.zdrf)) ) zso‘w'%o X
average, 1,270). [ (average, 890).
3. .\ girls’ boarding school in Callfornla. . .. ......... " ",
.« 4. A girls’ day school in Massuchusetts. .. .............. cees 640 to 900 465 to 785
(average, 800). | (average, 628).
5. A coeducationul hoarding school In Ohfo............. .eee| 1200t01, None required,
. . {average, 1,280),

A coeducational day school in Chicagoy T, ..., ... 1,000 to 1:250 : None.
(average, 1,050). o

Teachers' salaries.—About 60 per cent of the replies from boys’
schools and coeducational schools reported facts in regard to the
salaries of mathematics teachers doing secondary work. Only 44
per cent of -tho girls’ schools reported salaries. The reports from
Romah Catholic schools, with very few oxceptions, stated that their
teachers receive no saluries, but are -supported by the religious
orders to which they belong.

The questionnaire called for maximum, minimum, and average
silaries in order to securo data on the variation within the schools
which havo several teachers.  In some casos the maximum only was
given, in'some the minimum, and in others the average. Some of the'
replios showed that the question was undgpstood to call for variation
in-u single teacher’s saliry gccording to the schedule of salaries in

~force in the school. - o

The figures, therefore, are probably not as reliable as most of the
data presented. They will serve, howover, to indicate in a general
way the distribution of salaries in different types of schools and in
different sections of the country. In the following figures the

) salaries of principals who are also teachers of mathematics, and those
» = of teachers receiving board as a part of their remuneration, have been
excluded. (See fig. 3.) ' . -
, In the boys’ schools, the salaries reported vary from $50 per month
_to $2,700 per ycar. Ten .schools reported a maximum salary of
$2.000 or over. Of the 39 schools reporting an averago selary or the
sulary of a singlo toacher, 25 roported sums lying. between $600 and
$1,200, and the rest, with one exception, between $1,300 and $2,000.
~In the girls’ schools, the lowest salary reportdd was $40 per month,
Only ‘one school—a day school in New York City—gave a sum higlier
than $1,200. In this the maximum is $2,000. Sixteen of the 30
schiools which report an average salary place this between $700 and K
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41 boys'.

28 girls',
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80 voed.

44 boys’.
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‘In the coediicational schools the figures range from $35 per month
t0 $2,500 per year. Besides the ong reporting this maximum, only
one schoal has & maximum as high as $2,000. Ten have maximum
salaries ranging from $1,200 to $1,800. Eighty coeducational schools .
gave an uverage salary. In more than half of tliese the sum varies
from $500 to $800. In 20 of the 80 schools it lies betwoon $800 and -
$1,200. :

The average of the salaries reported as the salary of a singlo teacher

; or tho averago of the salaries of all mathematics teachers in a school

' is, for boys’ schools betwoeen $1,100 and 81,200, for girls’ schools
hetween £700 and $800, and for coeducational schools practically the
sime us for girls’ schools,

On the whole, the salaries reported from shhouls of the North
Atlantic States are considerably higher than in other parts of the
country, although the fow schools renrosenting the far West give
figures closely corresponding to those in the North Atlantic States,

Academic and professional training of teachers.—The supplementary
questionnaire called for data in regard to the training and professional
expericnce of teachers of mathematics. - Tho replies represent 146
schools with 282 teachers. As one would expect, the teachers

+ referred to in the reports from boys’ schooks are practically all men

and from the girly' schools women. There is a much larger pro-
portion of malo teachers in the coeducational schools reporting than
in coeduentional schools generally. _ '

The following table gives a distribution of the teachers for whom
data wero reported according to total length of experience in teaching.
and also according to length of service as teachers of mathematics.’
Seo fig. 1) - ' :

< Distribution of teachers Ly ; Distributlon of teachers by

years of oxpedence In:. years of experionce in -
teaching. ] , teaching mathematics,

Years of experience in teaching, U

Boys' | Gy [Corbient o | gy |Corduos
& tional tional
schonls. | schools. schools, | *Chools. sohqols. schools.
.

Jlohyenrs. ...l .15 24 az 25 34 35
Gtployenrs. .. o o 2 18 i |- 20 18
1110 13 yeary, |, 24 17 11 18 10 10
16 to 20 years .. . ) 18 b 8 17 8
21 1025 vears. . . 8 10 4 el . 8 3

" Over 25 years.., 13 79 [} 13 3 4
Total............... 94 93 U 0 | 90 7
Avernge 4.0 12.6 ®. 12.8 10,5 0.1

It nppe_tirs that 35 per cent of these teachers have taught mathe-
matics npt more than 5 years and nearly 60 per cent not more than = ¢
10 -yoars. The average le

, ngth of service is greatest in the boys’ ©
. -schools and least in the ga&ducational sqhools. W, eC
2.8 i Ba e e ' o
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The facts relating to the academic and professional education of
the teachers reported are, in brief, as follows:

-

. i o | Gitrly [Coeducs.
Academic education. scho :. | schoois. wl:!:m
/
Number of teschers reporting. . ......................... . m ‘ [ l ]
— =
Number having doctor'sdegree. .. ................... .. . coao 3 0. 2
o Number having muster's degree (no higher). .. . coe0 P73 12 21
R Number having bachelor’s degree (nq higher). ... ..l 58 53. 4%
] Total number holding degrees. .............................._ .. [ 65 | ®
. Number having partiul college education (not tncluding summer schoo i
Work). ... T T . 9 6 3
Number having full normual course. .. .. 2 3 0 .
. Number having Pnnh\l normaleourse. ... ... ool 5 2
Number having full high-echool canrse. . .. .3 4 3
Number having partial high-school course. . . . 1 .4 1
Numnber mentloning no academle tradning. .. .. 11011 3 5 1
Total numher not holding degrees. . . i8 20 w
Percentago not holding degrees. .. ... 18 2 3

Eighty per cent of all the teachers for whom the data were given
were holders of degrees. The proportion is not as high (about 70
per cent) for teachers in girls’ schools as for those in schools for boys
and for both sexes, and a smaller portion of degree holders teaching in
the girls’ schools have taken a second degree than is the case among
teachers in the other institutions. . .

i About half of the holders of degrees report academic of, profes-

" sional training in addition to that required for a degree, the proportion
being highest in schools for girls. Of the teuchers in girls' schools
who huave received no degree, nearly all have had some definite pro-
fessional edueation or academie work. of colleginte grade. :

Seventeon of the malo teachers have had training for other pro-
fessions: Four for law, two theology, one medicine, one agriculture,
and nine engineering. o :

Direction of the department of mathematics.—In a small majority of
the schools replying to the principal questionnaire, the !;ork in
mathematics is directed by the principal, who, more ofter: than not,”
teaches some of the classes in mathematics.. In Roman Catholic
schools the principal usually directs the work and does not ofter
teach mathematics. . _

: In the other schools one of the teachers of mathematics usually
acts as director, but in the preparatory departments of colleges one
of the college teachers frequently supervises the preparatory work,
Usually, but not always, he teaches some of the classes in secondary.
mathematics, _ . ‘ o

In the boys’ schools the directors are men in all the schools report-
ing; in the girls’ schools one-sixth of the directors are men, while in

the coeducational schools seven-eighths are nien.
L 9560°—1)—9 - T o ‘
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Size of classes.—About two-thirds of the schools replying to the
principal questionnaire gavoe the numbers of pupils in recitation
sections in mathematics. These represont a vory wide variation, a
fow classes having 60 to 70 pupils each, while many have less than
five. In general the size of the schoul dotermines the xizo of the
classes, comparatively few schools (about one-fifth of the hoyy’
schools and coeducational schoois and a smaller proportion of the_
girls’ schools) having more than one section of a given cluss,

In schools having” parallel soctions the variation corresponds
closely tothat for all thie schools, oxcepting at the extromes of the
scdo.  Few of these parallol sections have loss than 10 or moro than
30 pupils. A comparatively large proportion of the girls’ schools

have very small -divisions, even when classes are divided. The
largest schools (for boys and for both sexes), which have m’ some
cases as many as cight parallel sections, organize recitation soctions,
of about 25 pupils each. z  Cf

The replies in which enrollments were clearly recorded included L.
over 1,500 rocitation sections, about 500-in boys' schools, 300 in
girls’ schools, and 700 in coeducational sehools. (Seo fie. 5 On
the wlule the size of classos is about the samo in the boyy' xehools
and coedycational sehools (avernge between 16 and 17) and con-
siderably smaller in the girls’ schools (averago 11). Nearly 30 per i
cent of the sections from girls’ schools havo from 1 155 pupils each,,

- while only 12.per cent of the sections from other selols have as small
an enfollment as this.  About 80 per cent of tho sections from girls’
schoals have not more than 15 pupils each.  About half of the other
sections fall within this limit. From 85 to 90 per cenit.of all the
divisions have not more than 25 pupils each. ‘

Time allotment.'—Intelligible answors to the question in rogard to
the timo allotment wore given in about 80 por cent of the roplios.
The normal plan for mathematical courses is to have five recitations
per weok but four are not infrequently assigned, and some of the
boyw’ boarding schools have six. In the North Atlantic States some
schools have ouly three recitations per woek.

The tondency is to reduce the number of periods in the Inter voamn
of the course. In the lust year, whero elective courses are common,

180 . MATHEMATICS [N S8ECONDARY BCHOOLS, & ‘
i

S

“there is much variation and in.many eases it is possible for a student’s a0
"+ prograt. to include seven or more periods in mathematical subjocts.
In scientific courses seven poriods per week are sometimes required !
“imthe last year. :

The length of the recitation period varies from 20 minutes to 75
minutes, but 40 or 45 minutes is the usual length.

! Dataof priucipal questionnajre.

ERIC

Aruitoxt provided by Eic:



-

& PRIVATE BECONDARY SCHOOLS. 131
3

Grading‘and promotion of pupils,—In regard to the admission of
pupils to'the school, 41 schools use no examinations but admit pupils
on trial; on credentials from other schools, or—as in nonrly all cases—
on both conditions. Thirty-one schools use an‘oral exanination in
connection with eredentials or {rial or botly, 4 use a writton examinn-

tion as the solo basis for admission, and 59 uso written examinations

-9 - 4 .
- t 6 it 16 2. 26 31 36 mone .
! Numibet of puplls...._.... T0 T To Yo Te To To Yo TuAn
‘ S W0 s 20 23 30 33 40 4o
g =
i /
LY g
SHoseetions i hoys® VS A 19%

schools. 7

e . % %///, 2o
e //// T :
- V g % : : ' . o%

7

go%

80 sicilons In coed. Z

’ . Schools, 7

10%

Fd

);‘li). 5. —~8izey of nm(l‘muullm,ch\&m; perevntage dist ribuuox’
in connéction with one or more of the other methads roforred to.
- In 90 per cent of the schools some member of the mathematics depart-
ment is conswlted in regard to the grading of new pupils, ’
Promotion in mathematics is independent of the standing in other

*."  subjects in 80 per cont of the schools reporting (about 100). In a
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few schools a pupil is not promoted in any subject unless he passes
in all; in some eases promotion is based upon the pupil’s average
standing in all subjects; in others a pupil is obliged %o repeat mathe-
matics even though he has done well in it, if Jie fails in a certain
proportion of his other work. Several say_that standing in mathe-
matics and English or mathematics and Latin determines promotion
in all subjects. i

No definite statements aro made in regard to the bearing of these
plans of promotion upon the effectiveness of the Teaching in mathe-
.matical classes, but so far as this testimony goes, there would appear
‘to be few instances in which teachers of mathematics are hampered
by unsatisfuctory grading of pupils. Some data in regard to exam-
inations for promotion are given later in the report,

- THE COURSE OF STUDY.
Determination of the condent of the course of study.—In answer 1o the

~ supplementary questionnaire about 100 schools gave information in

regard to the control of the course of study. In 10 eases the content
of the course is said to be determined by college ‘entrance require-
ments, and in § cases by trustees, governing board, or some outside
authority, In two-thirds of the other schools the principal takes
some part in the determination of the course, usually consulting with
teachers, head of department, faculty, or trustees. A head of Jepart-
ment acts alone in 14 schoolsin dealing with the content of the course.
In 9 schools teachers of mathematics are free to lay out their courses
of study, and in 28 others they are consulted. The plan mentioned
by the greatest number of schools (20) calls for joint action by the
principal and the teachers of mathematics.

A large majority of the schools report that the director of mathe-
matics is free to modify the coursg of study to suit the needs of
particular classes, but the uppmvﬁ of the principal is fiequently
mentioned as a condition. College requirements are often referred

to as a definito limitation upon modification of the course, and the

details reported in answer to the principal questionnaire would seem

to indicate that these requirements have a controlling influence in
1 ) »

most schools. So far as one can Judge from the meager comments

.-on “flexibility of the course” the freedom of the teachers is usually

limited to ordﬁ of topies, proportion of time devoted to different
topics, and methods of teaching. There is nothing in the repliesito

show tliat courses aré shortened or changed in content to suit the

characteristics of particular classes. : _
Teachers are commonly free to sclect their own textbooks, although

“the approval of the principal or head of department is often required.

In 14 schools books are selected by the principal and in 17 by the

-

«f
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i : The course in general —EBighty per cent of the returns from the
! principal questionnaire report the mathematical subjects in each

year of the course.  Most of the schools report. no differentiation for
students anticipating different vocations, but schools giving com-
mercial courses commonly require commercial arithmetic —sometimes
in place of geometry—for pupils of this department.. In many
schools separate sections are organized for college preparatory stu-
dents, and in some eases, particnlurly in the pirly’ schools, such
students are required to take more work in mathematies than others.
= 7 Withvery few exceptions all students are required to study elemen-
tary algebra and plane geometry.  Solid geometry isgiven in about 80
per cent of the boys’ sehools, 40 per cent of the girly’ schools, and 65
per cent of the coeduentional schools.  Plane trigonometry is given
“in about 75 per cent of the boys’ sehools, 35 per cent of the coednea-
tional schools, ‘and 18 per cent of the girls' schools. “ Advanced”
algebra is given in nearly half of the boys' schools, rarely indlie others.
Solid geometry, plane trigonometry, and advanced algebra are fro-
quently elective subjects, except for students of the seientifi course.
They are seldom given in the gitls’ schools of the North Atlantic
States. A very few sehools give courses in spherieal trigonometry,
analytical geometry, and cdlenlus. ‘

Onder of subjects.—The most general areangement of subjects in
the four years’ course is that which places algebra in the first two
years, plane geometry ‘in the third, and solid geometry and plane
trigonometry in the fourth. There are, however, many variations
from this plan. : '

Avithmetic, cither alone or combined with algebra, is given in the
first year in about one-fourth of- the boys' schools and coeducational
schools. Tt is given less frequently in the girls’ sehoals,

Plane geometry is frequently placed in the second year instead of
algebra.  In many of the boys’ schools the time assigned to mithe-
matics in the second and third years is divided between algebra and
geometry, but this practice is much less common in the other schools.

Solid geometry is sometimes given in tho third year, usually as‘a-
continuation of the course in plane geometry, which oceupies the
first part of the year. This plan is common among the coeducational
schools, about one-fourth of which give no mathematics in the fourth

.  year. 4 : . :

The final year of the course is characterized by much variation.
Several schools for girls and for both sexes give courses in practical
arithmetic. - Some schools defer plane geometry until this year and

* others give. a second course in elementary, algebra or a cembined

course in algebra and plane geometry. About one-third of the girls’
.+ .schools report courses for review of algébra and plane geometry

’

which are usually required for college. ?pmtory students..'- - .
- _ : H '.'F..."'l.r‘,._;hz_/' ‘.':=.,,."'-»:"‘ i A R
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Schools which give solid geometry, trigonometry, and advanced
algebra usually assign these subjects to the final year.

Content of courscs in the various subjects.— The principal question-
naire called for a detailed description of the course of study by refer-
ences to textbooksy with comments indicating departures from the
order or scope of tho books referred to. Tlu{x part of the question-
naire brought the least sallsrnctury returns.  In many cases no
information was given, and in others it was obviously incomplete.
About 40 per cent of the retirns, representing about 160 schools, indi-
cated the scopeo of the courses.  As these conform closely to college-
entrance requirements, perhaps the most satisfactory method of de-
scribing the content of the course will be to quote the definitions of
the College Entrance Examination Board, and to indieate roughly
any tendencies to depart from these definitions.  They are as follows:

a. Elementary Algebra— A Iyebmdo ledmlm and Quadratics and beyond.

a

(a. 1. Algrebra tn Quudmlnm )

The fowr fundamental aperations for rational algebric expressions.

Factoring, determination of highest common factor and lowest common muliiple by
factoring.

Fractions, including complex fractions, and ratio and pmpnr(mn

Linear equations, hoth numerical and literal, containing one or mare unknown quan-
titien, ‘

Problems depending on linear equationa.

Radicals, including the extraction of the square root of pulynomials and of numbens

Exponenty, including lhe fmcnuuul and negative.

(. ii. Quadratics mul beyond.) >

Quadratic equations, buth numerical and literal.

Simple casen of equations with one or more unknown quantities that can he solved
by the methods of linear or quadratie equations,

Problems depending on quadnutic equations,

The binomial theorem for positive-integral exponents.

Theé formulsa for the nth term and the sum of the terms.of arithmetical and geometric
progressions, with applications.

It is assumed that pupils will be required. throughout the course to rolve numer-
ous problems which involve putting questions into equations.  Some of these problems
should be ch8xen from mensuration, from phyuicy, and from comnsercial life. * The uxo
of graphical mefhod«and illustrations, patticularly in connection with the solution
of equations, i also oxpected.

b. Advanced algebra.

" Permutations and cotinbinntions, limited to simnple cases. -

Complex numbers, with graphical mpresen(a.uon of sums and differences.

. Determinants, chiefly ¢f the second, third, and fourth ordem, mcludmg the use of

minors and the sclution of linear equations.
Numerical equations of higher degres; and so much of the theory of equatlons, with

gmpblcal methods, as is necessary for their treatment, including Descartes’ rule

oi ngm nnd l}omer’s.mathnd. bat no&Sqnms functions or multiple roots.
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] ' ¢. Plene geometry.

The usual lhoomms ‘and constructions of good textbooks, including the general proper-
ties of plane rectilinear figurer; the circle and the mearurcment of anglew; eimilar
polygons; areas; regular potygons, and the meazurement of the circle.

The solution of numerous original exercires, including loei probiems

Applications to the menruration of linos and plane surfaces.

d. Solid geometry.

The urual theorems andN\constructions of good textbooks, including the relations of
plaves and lines in spdce; the properties and megsurement of prisms, pyramida,
cylinders, and coner; tho ephere and the spherical triangle.

The solution of numerous original exervizen, including loci problems. e

Applications to the mensuration of surfaces and sulids. -

. Trigonometry. <

Definitions and n'Lumnn of the six trigonometric functions as mtios; cire nhr measure:
ment of angles.

Prools of principal formulas, in particular for the rine, corine, and tangent of the rum
and tho difference of two angles, of the double angle and the half angle, the prod:
uct expreasions for tho sum or the difference of two sines or vf two cosines, ot
the transformation of trigonometric expressions by means of these formulas,

€ Solutiun of trigonometric equations of a ximple character. ‘

Theory and use of logarithma (without the introduction of ‘Work involving infinite
serios),

The solution of right and oblique triangles wnd practical applicationy, including the

L roluiion of right hphonnul trinngles.”

A ) Yane In'qonomwrv

" The subjee is the sam > s s the preceding except that to topics from sphon(‘al triggnom-
etry are ine luded. . > o P

In algebra many of the schools reporting limit the work of the
first year to the fundamental operations with integral and fraetionpl
expressions, factoring, and the solution of linear equations with one
or more unknowns. Others cover all the topics included in the fore-
going definition of ;' Algebra to Quadratws and a few give still more

. advanced work, Tho complete course in algebra as reported by
some schools is more comprehensive than the definitions, mcludmg
some -or all of the follomng topics: Inequahtme imaginaries, varia-
tion, harmonical progressions, infinite series, undetermined coeffi- -
cients, logarithms, probability, continued fractions, summation of
series, exponential and logarithmic series, theory of nurabers.

In geometry and plane trigonometry the scope of the courses is
more nearly uniform than in'algebra. Nearly all the schools report- .

~ing follow the textbooks closely, almost the only change mentioned - '
bcmg the omission by.many schools of: theorems on maxima and °
- minima of plane figures. In solid geometry one widely used text-
book adds a chapter on conic sections to the topics included in the
definition of the (‘ollege Entrance - Exammatxon Boa.rd but many
-schoois omit this.

. Lt ..‘; s 9 % Lo I -'4
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_ '« - METHODS. : _ .
“General classroom methods.—In the schools represented by the

returns from the supplementary questionnaire a part of nearly every

lesson is devoted to oral recitation of the assigned lesson, but this
plant is used less frequently in, algebra than in geometry. In many
of the schools oral drill occupics a small part of each period, and in
most of them blackboard work by pupils ia called for regularly. A
common practice is to have half the class at the board while the other
half works at seats or recites the lesson of the day. In most schools
classes are required occasionally to answer in writing questions on the
assigned lesson. A new topic is usually developed in class before
home work upon it. is assigned. - : c

- Preparation of lessons.'—The younger pupils and those whose work -

is deficient are in many schools required to prepare their lessons under
the supervision of teachers. The older pupils in good standing gen-
erally study in their rooms, if in a boarding school, or at home, if day
pupils. - A few schools report.a regular weekly period in which the
teacher trains the pupils in methods of preparing a new lesson,

. The lesson to be prepared out of class, in algebra, consists usually

of problems ‘taken from the textbook. In geometry the lesson com-
monly calls for a studying of theorems to be recited in class. Other
types ofglessons reported are: Study of definitions, rules, methods of
ilution, and general principles; writing of notes, outlines and sum-

aries; demo?{;qtion of - original thcorems, solution of numerical

- problems based on’geometrical relationships, problems in geometrical
ccanstruction, practical problems, invention of problems to illustrate
& principle, plotting of graphs, construction of models, and out-door
mepasurements, ' -

cial methods and devices.—The following specific methods and
devices were listed in the principal questionnaire, and reporting offi-
cers \were asked to cross out_those not in use, to indicate the time
- during which each method had been used, and to state whether it
were 4till in use. The number after each item indicates the percent-
age oflreplies in which the method was reported to be in use.

Uselof squared PRPer. . ,...veeen oot iieie s i e 49’
Préliminary course in .observational geometry preceding formal demon-

Btrtion.......... i i L. B2
Laboritory method.......................... PO S 27
Use ofliistorical material............... bacoanaaaoasasasasacnancaaenne 26

_ Heuristic method.......... PO ‘000dpacoaad e FaneoROEAB0000aE ‘24

Development of course.in geometry without a textbook. . . ... ........ 20

" Paperfolding.:...... nocodaoagdodeacooaonaaod 00000500508500 BaRane . 19
Btudy of jlogic in-connection with geometry......" ........... 60000000 16

" Mathemalical recreations...... Benoooaoaod }90000000000000000000000 eee 10

' -Orgsnizgti{n_i of a mathematics club among the pupils.......... eeenn L4

B D et

i1\ Based on returny froum the supplementery questionnates, . .+, .~ . - - - o},
e R N b Tt " LT N .
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" In nea.rly all cascs methods once used were reported to be still in
use, but a few schools after a trial have abandoned the teaching of -
geometry without a textbook, and a few others the use of a pre-
liminary course in observntlonal geometry. )

Perhups the most noteworthy featuro of-this record is the "eneral
use of squared paper, which has been introduced within ﬁve or six
years by most of the schools which stated the period of use.

Source and vamty of problems.—The most common practice is to.
use the problems in the pupil’s textbook or to supplement these by
dictated problems, but in many schools the pupils have at hand -
more than one collection of exercises. Historical problems, and those
drawn from other school subjects and from current events, are-said’
to be used in about half of the schools replying. Problems based on

industrial appliances and processes and those involving out-of-door

measurements are u‘xed in many of the boys’ schools nnd coeduca-
Jional schools.

FEgquipment.—Threc-fourths of the rcturns to the pnnclpal que&
tionngire indicate, on lists of apparatus and tools, which of . the
articles are powossed by the schaol. - !

About 40 per cent of the schools roplymg reported mathematical
reference libraries varying in size froin two or three volumes to several
hundred volumes. The median size is 50 volumes

Threce-fourths of the schools have geometrical models and drawing
tools for use with the blackboard. A measuring tape is part of the
general equipment of half of the girls’ schools and two-thirds of the .
others. About one-third of the girls’ schools and more than half of
the other schools include a plumb line in their lists of mathernatical
apparatus. One-third of the schools for boys and for both sexes and
a small proportion of the girls’ schools have engineers’ transits and
nearly as many have sextants. A few schools report other survey ing
instruments which were not included in the printed list. About one-
fourth of the schools have slido rules, coordinate blackboards, and.
sphencnl blackboards; a smaller propoﬁlon have portraits of mnthe-
maticians and a very few have lantern slides illustrating mathematical -
subjects.  On the whole the boys schools have mora extenswe gencral
equipment than the others. '

- In practically all of the schools each pupll is supplied with a ruler
and compasses.. In B majority of the schools he has also, triangles,
protractor, dividers, and squared paper; and in many schools a ruhng

- pen is added to the pupil’s individual -equipment, . - °

With the exception of the possession of.a. .mnthematlca.l llbrm'y,
which was-indicated by recording the nuniber of volumes, an item of '

- equipment not crgssed out standsas a possession.of the school. - leus‘
fact doubtless inakes the foregomg proportlons too high, - 'S
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Time of emphasis upon logical relations.—In accordance with the
suggestion of the central committeo in its report outlining the plan of
the investigation, & question wus included in-the principal question-
naire asking at what stage (grade) emphasis is shifted from manipu-
lative skill to the understanding of logical relations. Only about 40
per cent of the returns gave answers to this question, the replies from
the girls’ schools being especially meager. The question seems tobo
too vague to make the reports of much value. -

Every grado from the first year in the primary school to the begin-

-ning of the collego course is mentioned as the time for emphasizing

logical relations.  Many lay stress on reasoning from the beginning of
the course, and others say that the change of emphasis comes about
“gradually,” “at no definite time,” or ‘“varies with the class.”
The grade mégtioned most often as the point of transition in the
reports of each class of schools (boys’, girls’, and coeducational) is the
second year of the four-year high-school course, when pupils are about
15 years of age. Tho general tendency seems to be to make the

. change of emphasiy earliest in the girly’ schools and latest in the

boys’ schools.
EXAMINATIONS AND TESTS.! ;

" Exqminations given by the school.—Formal written examinations aro
given by nearly all the schools, varying in frequency from twice a
month to once a year. There arc two well-marked tendencies, one
toward short monthly examinations and the othcr and moro general
one toward longer examinations two or three times a ycar. Two
examinations are commonly given in the girls’ schools and three in
the boys’ schools and coeducational schoals. -
The examinations vary in length from 30 minutes to 240 minutes.
In the girls’ schools and coeducational schools monthly examinations
commonly last about 45 minutes, and term or semiannual examina- -
tions 2 hours. Inboys’ schools there is greater variation in practice,
but the tendency is toward longer examindtions, 3 hours being nearly
as common as 2 hours for tefm examinations, , :
In a few schools promotion is dependent solely upon the passing of
these examinations, but the common practice in calculating the pupily’
standing is to give éxaminations one-half or onc-third of the total
weight. The papers are in almost,all cases sct and marked by the

- teacher. .

In addition to the formal examinations written tests ara given in

-most schools, sometimes weekly, but more commonly once or twice a-
- month. These tesfs occupy in most cases about 456 minuges.

Purpose of exdminations given by the school.—The putposes most
generally recognized for examinations given as a part.of the school

2 Data of guppidmentary. questiontalre.

" .> :\.;' ‘&.—.
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work are to serve as a spur to pupils and as an incentive to review

and organization of subject matter. ~Tho latter purpose is considered .

by many to bo the most iniportant. Most of thoe teachers consider. -

examinations of some valuo as tests of a pupil’s ability and progress,
but in both these respects many poing out that such tests are often
misleading. There is nothing in thg}oplios to indicate that exami- -
nations are used to measureya pupil’s progress with any degree of
i exactness. A majority of tl?e teachers consider that examinations
act as a spur to teachers and serve as a test, for their own benefit, of
the cfficiency of their work. Many, however, do not think highly of
this purpose of examinations. About half the replies approve of ex-
aminations for the purpose of comparmg the relative standmg of
différent classes. The purpose securing the least supportis that of
testing the efficiency of the teaf'hor for the enlightenment of school -
officers. : )
I effects of ezaminations given by the school.-=In answer to the '
quostlon “What ill effects have you noticed of the examinations

“given in the school by teachers or school officers 1’ Forty-one schools

replied “‘none” and 30 gave no answer. which in most instances is

. probably cquivalent to the answer “‘none.”  The ill effects most fre-

quently ‘mentioned are nervous excitement (28 cases), ‘‘cramming”
(15 cases), tendency to place a wrong interpretation upon the value
of examinations, mcludmg working for marks (14 cases), discourage-
ment of weak students (10 cases), and temptation to dishonesty (9
cases). Most of the reports reforring to nervous strain came from
girls’ schools; only tWo wero from boys’ schools. In many instances
the tenchers reporting emphasize the fact that the ill effects are con-

Ained to a few individuals,

Modifications of school examinations are suggested in only a few
of the replies.  These include exemnption from examinations for pupils

.of high stundlng, increase in number and decmaso in length of

examinations.

b, Admission of students to hzg?m‘ mstztutwns —-Two methods are in
common usp for determining a student’s fitness to enter. éollege, -
namely, (1) examinations by the collego or by the (oll(-ge Entrance

° Examnination Board and (2) a certificate furnished by the school of
the completion by the student of the requireménts prescribed by the
college. Among tho 113 schools reporting on this matter, practice:
séems to be about equally divided between the two methods. In 22 -
schools all candidates take examinations, in 17-all enter on certificate, - -
‘while in the otliers the two methods aro conibined in-all’ proportlons N

. - In New England the examination method is the common one, and in

' the North Central States the certificate. In the Middle Atlantic _.1

* States a majority of the schools send more than. half their students -

- 140’ college - “by examination,” but' many use: the certificate- freelj, i
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Among the girls’ schools fo :appear to be two distinct groups. In
the larger group the ceruﬁcate 13 used freely, in the smaller one it it
never used.

The variation in use of the different methods is due in part to the

. ‘demands of the colleges, since a fow of the largest institutions admib
students-only- by examination! It is evident, however, that many
schools are not in favor of the certificate plan, and prefer to have
their students take examinations, {

Effect of college entrance examinations.—A large majority of the
schools report that the course of study has been affected by collego
entrance examinations. The most general criticism is that ‘he
courses are overcrowded. )

Only & few mention any effect on methods of tou(lung. but nearl\
all of these agreo that much time is devoted to drill in preparation
for the examinations which would otherwise be omitted. Tho papers
of previous years are used for practice. One school required its

. 'students to spend alternate Saturday mornings after New Year in

taking these practice examinations. A few say that the restrictions’

lmposed upon the freedom of the teacher by the necessity of pre-

paring for the examinations tends to-make his work mechanical,
Most of those who refer to standards of work think that hey are

* raised by the exantinations. A fow think that they are lowered. J

Others say that they furnish a definite standard.

Effect of the certificate plan.—A majority of the schools which send
pupils to college ‘‘on certificate” report that no changes have been
made in course of study, methods of teaching, or standards of work

- 8s a result 'of inspection of the school or scrutiny of the records of its
- graduates by college officers. Several, however, say that the work
has been made more thorough in response to these checks. Some
schools keep a record of the college work of their graduates who have

been-entered ‘‘on certificate,” ‘and several make a practico of certi- i

fying only pupils who attain a high standard. ) |

One teacher says that the success in college work of the certlﬁed
:graduates of his school encouraged ¥im to depart further from con- ,

. ventional methods and courses. Another says that the responsibility l

~ of a school for the college work of a graduate whom it has certified
stimulates teachers to strive to give their pupils a real grasp of the
-subject rather than a semporary knowledge such as serves for passmg
an examination.

g e i
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MATHEMATICS AND COEDUCATION.

As the practxce in the pnvate seconddry schools of the United =
States is about equally divided between coeducation and separate
education of the Sexes, this field seems to offer a peculiarly favorable
‘opportunity for studying tl,qux;gl,vgu?n of. qoeﬁucaﬁlpn__.w:m&tggm&tlc&l
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education. Tho prac txco in the different types of schools has, there-
i fore, been presented in the foregoing discussion in relatlon to most
} of the points considered.
§ To supplement the statistjcs boarmg upon actual plactlco, it was
- felt that the opinions of the teachers as to the bearing of coeducation
i upon the effectiveness of mathematics teaching would be of valuo. _
Accordingly, the supplementary questionnaire for coeducational
( schools contdined questions calling for such oplmons Thirty-six
' replies were received,

Nine of the teachers answering the questions hud taught in coedu-
cational schools for not more than 5 years; 13 from 6 to 10 years;
and 13 over 10 years. Only 6 had taught scparate classes of boys,
and only 3 separate classes of girls, all of whom were included among
the 6 who had taught boys alone. The' fact that so few of the
replies came from teachers who have had experience in teaching the
sexcs scparately ovidently diminishes the valye of the testimony. -

In all the schools represented by the replics coeducation had been
in uso from tho establishment of the school; but one reported having
separated the sexes for class instruction durmglrecent years. Two
schools besides the one just mentioned reported that there is some
prospect of separation of the sexes in class work, in the interests of
P a better adaptation of rate of work, character of subjcct matter, and
methods, to peculiar characteristics of the soxes. None of the other ~
teachers seo any prospect of the modification of the present plan.

Teachers wero asked to compare the scxes with regard to their
success in passing the requirements in the various mathematical sub-
jeets. " In arithmetic 20 report no difference, 7 stato that boys aro
more successful, 4 that girls are more successful in algebra 21 find
no dlﬂ'eronco, 6 consider boys more successful, 5 consider girls more
successful; in geometry 13 report that the sexes have equal success,

! and 19 cmmder that boys excel; in trigonometry, 9 report no differ-

ence, and 14 consider that boys are more successful. Several said

‘ * that, while boys are as a rule superior as mathematical students to
girls; there are freéquently brilliant students in mathomatlcs among
the girls.

In regard to the relutlve tendency of boys and glrls to choose
elective courses in mathematics, the answers indicate that boys are
much more inclined to elect such courses than girls are. .

" In accuracy of intuition in regurd to mathematical rdntlons, 6 of

the tenchers report no difference in the sexes, 1 considers girls slnghtly~. !
. supenor, and 19 boys superior:

“In gkill in formal processes, 11 find no (llﬂ'ereng:e, 8 ﬁnd boys ’
superior, 10, girls superior. .

In grasp.of logxcal sequenco 6 wport no (hﬂ'erence, und 25 boys

supenor. o :
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In ability to solve ‘‘original- theorems,” 28 say that boys are
superior, and 3 report no difference.

In answer to the question, ““Do you think that the subject matter’
of high-school courses in mathematics should be the same for both
sexesd” 14 replied ‘‘Yes,” 9 rephed “No,” and 7 replied ““Yes”
with qualifications. The dlﬁ'erences in subject matter for boys and
girls regarded as desirable by some teachers are: (1) Requirements
in nlgobm and geometry should be less for girls than for boys.
(2) Solid geometry and. trigonomotry should be omitted or mado
optional for girls. (3) The applications should be such as appeal
to the interest of both sexes. - 4 ‘

Only one- difference in methods of teachmg the sexes was sug-
gested and that was mentioned by only one teacher; namely, that
mathematics be developed empirically rather than Iogically in the
‘instruction of girls. It is interesting to note in this connection that
one teacher, arguing from the same characteristics as shown by the
sexes, would give the girls special training in loglcal reasoning.

To sum up, most of the teachers who gave testimony agree that
there is a difference in the mental traits of boys and girls.and in their
ability to do different kinds of mathematical work; but a decided
majority do not consider that these differences are sulliciently great
to warrant separate class instruction. About a fourth of theso
teachers would provide for sex differences by a slightly different
treatment of pupils in the same class and by making part of the work
elective; another fourth feel that the differences are too great to
permit the most effective’ work unless separate classes are provided.

AIM OF INSTRUCTION IN m!'rm:m'ncs.

With a view to gaining some insight into the attitude of teachers
of mathgmatics toward their work and. to learning the extent to
which they attempt to analyze their problem, the supplementary :
questionnaire included a liet of questions on the aims of instruction in
mathematics and the means employed to attain these aims. The
list included questions on the general aim of mathematics teaching,
the aims especially served by the different mathematical subjects, the
‘inclusion of individual topics in the curriculum for specific purposes,

 the relation of course of study in mathematics to vocational training,
and the value of mathematics for mental discipline. ‘

Aim of instruction in ‘mathematics in general.—In presenting the
question on. the general aim, nine statements were given of which
téachers were asked to cross out those not recognized, a method &
which gives no means of discriminating between controlling aims and'
those having only a slight influence. This defect is remedied to some

©  extent by the questlons on the relation of pm'tlcular subjects and
sy topws o the vmous axms. :
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‘Of the 136 mpﬁes, all recognize mental discij)lim,as one of the aims
of mathematics teaching, and all but three work for the development

of an accurate cohception of space and form. Nearly all approve of -

preparation for more advanced work in mathematics, preparation Jor
. studying other subjects, the teacking of mathematical truths for their own
sake, and the cultivation of an appreciation of the importance of mathe-
@atiéd;blmvledge_ in modern life. Only eloven schools are able to
gu8re preparation either for ezamination or for requirements imposéd

by oiitside authorities. i

The preparation for vications is the aim least generally recognized.
"Ninety per cent of the boys’ schools recognize this aim, but only a.
little ﬁlore than half of the girls’ schools regard it.

Predominant aims in leaching special subjects.—About one-fifth of
those reporting apparently find it dillicult to select tho aims chiefly
served by the different mathematical subjects, fog thoy pass the ques-
tion by. The replies represent a very wide variation of opinion, .
every one of the aims being mentioned by several as iinportant in
connection. with each of the subjects. Very few consider any one
aim as sufficiently. influentiul in teaching any subject to warrant its
standing alone as the predominant aim. _ o

A rather marked difference exists in point of view of the teachers
in.girls’ schools on tho one hand and those in boys' schools and:
coeducational schools on the other.. Among the girls’ schools, mental
discipline is most generally regarded as a predominant aim. In the

_other schools, vocational training and preparation for advanced work
in mathematics are mentioned most. frequently in connection with
-arithmetic and trigonometry, and preparation. for study of advanced
mathematics and other subjects in connection with algebra. In
geometry, mental discipline takes first place, and the development
of accurate conceptions of space and form stands second in the
reports from all three types of schools. .

Topics included in the course to serve specific aims.—About 30 per
cent of the reports make no attempt to answer the fuestion on the
relation of aims to particular topics of the course. The others repre-
sent the greatest variety of opinion. Many teachers apparently have
no spccific purpose in mind in teaching any topic and there is little
agrecment as to the topics which best serve a given purpose. Every
one of the nine aims listed in the paragraph on aims in general is given
by several teachers as the chief purpose for including graphs in the
course. One can hardly avoid the conviction that custom asexpressed
in college-entrance requirements and in textbooks is the chief factor '

- in determining what topics shall be taught. - EERCHRR L

‘Proposed requirements in mathematics for various classes of 8tudéht8,; . - ﬁ
In the opinion of the majority of teachérs there is need of very little . -

_ differentiation of mathematical courses in acoordance with vocationsl




O

ERIC

Aruitoxt provided by Eic:

144 uunnm'mcs IN BRCONDARY S8CHOOLS,

intentions or plans for higher education. Arithmetic, algebra, and
plane geometry would be required for all classes of students, except
the boys preparing for technical schools, who, in the opinion of the ma-
jority,-have had enough arithmetic in the elementary schools.. They
should, however, have-solid -geometry and trigonometry in addition
to the other subjects. . While this represents the consensus of opinion
several modifications are strongly supported. For college prepara-
tory students of both sexes and for boys preparing for law and medical
schools nearly half the tegchers would omit arithmetic as a require-

ment in the secondary school. More than a fourth of the replies call .

for solid geometry as a requirement for boys preparing for college,
and advanced algebra for boys intending t¢ enter technical schools.
For boys anticipating a business career and for girls whether preparing
for technical schools, for commercial posmom or for dumestic
responsibilities a strong minority would requiré neither algebra nor

geometry, In the case of the girls this view is supported by from 20 -
per cent to 40 per cerit of the replies. A few would make.the geometry . -

concrete for girls not preparing for college and many would treat the
subjects differently for commercial students (especially girls). * The
modifications suggested relate chiefly to shortening the courses,
omission of theoretical discussions, and emphasis upon ,practical
applications.

Analytic geometry and elementary troatment of the calculus are

proposed by only four or five teachers, as part of a course for boys

preparing for technical schools.

Following is & summary of the repliés in tabular form? - -

Proposed requircments in mathematics jor rarious clasacs of pupils.
.

Number of trachers recommending certain atudies for—
Pmpo;d require- Boys for— - Oirls for—
_menta, 3
| Coll Tiear | Dusinesm| signer | Col el | mme™ | Home
ollege. | nlical Business | siona ollege. | n ¢
schools. achools. | achools. | achools. | dutie*
Arithmetic. ........,. 40 30 ' 42 52 [ R2 7
Elementary bra a0 0 60 73 ®8 64 it 4
Advanced alge! [ 24 2 3 5 3 1 1
Conmtegeome!.ry ......................... pagoooeoataad becoodegaa L] 5 7
Plane geometry...... 80§ 80 a1 7 1] 5 83 65
8olid geometry....... c 2. 67 9 15 10 3 2 2
Plane trl;onometry 11 60 6 12 8 2. 1
Anal fmmetry .......... L O PN VR R O N R SUUUI FUUPTS
Elementa o aqpaccaces I . Bfpoomoosocs ~a000000000] 080 G0ondbao seasg llpoacoooosalbessoosaoo
"meerme e mns e s cmemmemnin
- Total unmberofre- | : ’ ’ ' -
plies....c........ %0 0 7 5 o 88 88 (7]

’Ma;taz diacipline.~Tt has already. been said that all the teachers
", reporting recognize mental discipline as one of the aims. of mathe-
"matics teachmg As paychologmte are. claumng that. too much

“'}‘ o 7 p ' via
“&-&l Fi| ] .i, "'."."“‘ .'. : !

»,g.)@w,;r\’ 2 Gt e

et WRE IR AR o)

Ya




O

ERIC

Aruitoxt provided by Eic:

. cases, described in vague, general terms, loosely applied, representing .

* reasoning powers; or an improvement in ability or power of mental

" logieally; to recognize the essential elements in a problem, to note

-~ under:tand cause and effect. One of the most generally approved

. industry, of accuracy in thought n.nd expression,

‘modern views of formal discipline dpparent:
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reliance has been placed upon the supposed value of study of a single 1
subject for general improvement of mental processes, the opinions of
teachers of mathematics upon this pomt seem pertinent to a discus-
sion of aims.

To the request “‘If you regard mental dmcxplme as an lmportant
aim, explain as fully as possible what you'mean by mental discipline,” .
nearlv nine-tenths of the teachers give some reply, but very few
attempt to analyze their, conceptions, Mental discipline is, in most

all sorts of mental and even moral quahueq which are believed to
result from a discipline of the mind. Nearly all have a firm convic-
tion that general abilities are gained through exercise of the mind
upon a particular subject, especially mathematics.

A composite of the replies shows that mental dxsmplme iy consld-
ered to be that which produces an improvemient in intuition, judg- -
ment, memory, imagination, mtclhgence reason, mental powers,

concentration, mltmtne, sustained effort, analysis, generalization;
or an improvement in ability to think rapidly, clearly, independently,

resemblances and relationships, to grasp and apply principles, to

results of mental discipline is the ability to. express thoughts clenrly
concisely, and accurately. In a few cases mental discipline is de-
scribed as the formation’of habits; habits of mental concentration, of

Following are a. few examples of more definite analyses of the
authors’ conéeptions of mental discipline:

Mental discipline is that process of mind which (1) recognizes thero is a problem.
(2) Wills that lhe problem be solved. (3) Perseveres until the desired goal'is obtained.

Results of mental discipline are—

ability to Obﬁerve well, to make correct records, written or in memory, of things
observed, to sift dawa or evndence, 1o draw correct mforem‘ea to stata these infer-
ences in clear language.

In only a fow cases, such’'as theftwo following, is the mﬂuence of

The modern peychologists have made thisa difficult tluug to do (explain meaning
of mental discipline), but the habits of making exact statements, of finishing.a piece
of work in hand, of seeking the proof for each statemeut not only ought to be valuable
but I am convmced are valuable. - : - o

Mental discipline through mathematics for mathematical work consists in the
acquirement of mathematical facts and.ideas, processes, methoda of aolnhon, and
standarda of nccomphahment. Mental discipline through mathematics for other-kinds
of work consists, 1 think;in development or strengthemng of cert.a.m ldealaorpu.ndards

w: 9660"—41—-—-10
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such an logical perfection, mastery of difliculties, etc. - General power is not necessarily

‘gained by the study of mathematics, but the student nmay be so impressed by the

logical perfection of mathematical reasonifig 08 to consciously teat hin thinking on
other rubjecta by similar standards, and the rense of nastery experienced in mathe-

* matical victories may give confidence in attacking other difficultics.

About half of the teachers consider mathematics superior for
mental disciplino to all other subjects. A considerablo number con-
sider it superior for certain kinds of discipline, usually for improve-
ment in logical reasoning or in accuracy. A fow qualify their
approval, saying that mathematics is superior to some subjects or for
some minds. About 10 per cent of the teachers do not regard it as
superior to other subjects and one says in answer to the question,
“Decidedly no.” g ; '

The nature of the superiority is usually stated in terms of the
desirable qualities of mind which are said to be -produced moro
readily through mathematics than through other subjects. One says
it “‘requires thought.” The superior quality of mathematics most
frequently referted to are its definiteness and thoe absolute trust-
worthiness of its principles. The simplicity of its data.and the caso
of checking results make this the best medium for training the stu-

" dent in logical reasoning. On tho other hand, it is said to call for
- greater mental effort, and therefore to result in greater mental power.

DISTINCTIVE FEATURES IN A FEW INDIVIDUAL SCHOOLS.

The following statements are added to the report, as originally

prepared, in response to the feeling that tho omission of all referenco

to experiments and attempts to improve prevailing practice would
be misleading as a statement of the situatian in the private secondary
schools and also neglectful of the opportunity of acquainting teachers
with-such movements. The omission of thig phase of the subject in
the original draft was due to the impossibility of making a compre-
hensive statement in regard to it, and in employing this makeshift
the committee is anxious that its relation to the rest of the report boe
clearly understood. 'We have no means of knowing how generally
the ideas expressed in these six statements are affecting courses in
the schools of the country, but it is certain that the two ideas which
are here so prominent—unification of the various elements of tlio
course and application of mathematical principles in daily life—aro
receiving much attention. We do not mean to imply that these are

~ the most important movements now going on, and we are partjcu-
' lerly desirous that it be understood that these schools have not been

. singled out aathe best representatives of progressive teaching. In

the absence of material for an adequate statement of movements for

‘improvement, these statements are offered merely in proof of the

{fact that-such movements are in existence and: in the hope that the
plans described. may: be of servi¢e to other teachers
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PRINCIPLES UNDERLYING THE GOURSE IN MATHEMATICS AS STUDIED
IN THE DETROIT HOME AND DAY SCHOOL, DETROIT, MICH.

| This part of the report was prepared by 8. A. Courtis, of the Detrolt Home and Day School.]
The Detroit Home and Day School is a private school for girls.

The activities of the school extend fromi the kindergarten through -

college preparatory work, and as the period of secondary education

las been lengthened to 5 years, the courses provide for 15 years -

of continueus school life. About half of the 362 pupils enrolled
during the present year (1911) are in the five grades of the academic
department. The number of teachers and oflicers is 42. While
nominally a commercial enterprise, practically the school is the life
work of a single group of persons, the expression of a consistent set
of educational.ideals.

- The school is cducationally independent. Whilo in all its college

preparatory work its courses and standards are determined almost

wholly by college-entrancg requirements, it has, nevertheless,.a suffi-

cient body of pupils not going to college to  warrant the close study

- of its own problems and the modification of its courses and methods

to meet tho needs and demands of the community.  The school must

" be regarded, therefore, as an educational unity, complete in itself.

The organization of the school is along departmental lines, the
departments being English, history, language, science and mathe-

-matics, and physical training. Heads of departments are free to

work out the general aims of the school in-ways best suited to the
subject and conditions of the department. Unity is secured through
unity of aim rather than through rigid adherence to a fixed system.

The vital characteristics of the school are three: Continuity, coor-
dination, and correlation; continuity, because_the coprses in each
department, from lowest to highest, form an unbroken series under

one control; coordination, becausc'in the same way all departmental

work and all the life of the school from the lowest to the highest is
under one control; and correlation, because from the viewpoint of
those in control education is regarded as a whole, not as many sepa-
rate wholes. S . a
Taking up now the consideration of the mathematics course, the

first point to be noted is the departmental unity made possible by
the general organization of the school. So completely are the -

courses in mathematics.the expression of a single aim that it will be
impossible to consider the high-school work apart from the general

plan. There is no break or change in passing from the earlier to later " :;
grades, from arithmetic to algebra and geometry.. So. completely ' - .

are the subjects merged that the work of the high-school years.is
better described as a three-year course jn mathematics than as spe-

cifically either algebra or geometry for any one year. Further, the - :
“direct preparation for the high-school subjects, geometry, for instance

- ST
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runs back to the earliest %ork An increasing amount of geometric
material is used in ev ery grade, and the study of formal, demonstra-
tive geometry is but the logical outgrowth of the preceding work. In

~ the same way graphic work in algebra, or the use of the literal nota-

tion, is but the final culmination of-an extended scries of exercises
through many prev ious grades.  On the other hand, direct provmon
is made for review and drill upon certain topics-of arithmetic in the
high-school work. Further, in selection of subject matter, choice of
methode, shift of emphasis, and remedying of defects, the point of
view is that of the course as a whole rather than that of any single
grade or division of subject.matter. ’

A second point to be noted, also a direct result of the general prin-
ciples of the school, is the correlation of the work in mathematics
with the work in o(hor departments. The merging of the departments
of science and mathematics info one has resulted in the introduction

“of mach laboratory work and scierrce material into the work at all
points, particularly into the intermediato grades in arithmetic. The _

laboratories of the school are in use nearly as much by the classes in
arithmetic and algebra as by those in science. Material for problems
is also drawn from other school subjects, geography, history, etc.,
from the activities of the school, and from daily life. A graded course
in actual business and banking is a feature of the intermediate arith-
metic work. In every way the effort is made to have the child
realize the meaning of the work and its bearing on his daily life.
Pedagogically, the work of the department is based upon the con-
dition that there are three steps in the natural grow th of intellectual
powers: The acquisition of basic, sensory experience; the develop-

ment of control through use; and, finally, the formulation of the -

abstract principles involved. The attempt is made to have the

children meet cach new topic first in-a concreto setting, as a problem.

for which no methiod of solution is known, The .class work and
laboratory then develop the method of attack and solution, and

finally the knowledge and skill attained are tested in concite prob- -

lems out of which new topics arise.

In addition. to conforming to the naturel steps of intellectual '
growth, there is also the problem of adjustment of the character of .

the werk to the development of the growing child. The courses of
the school provide adequate training at every stage of growth. Not
only is each topic met in at least three successive grades (the first

' year, incidentally; the second year, as the important topic of the

yeéar; the -third yeur, for analysis and formulation, for learning of

- rules and for drill i m the abstract principles involved), but the course
% three times, from different viewpoints, and -

passes by easy, .connecting steps from the -observational, concréte -

i work of ,the kmderga.rten to the formal and abstract demonstratmns ;

covers the same

e
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; From the furegomg it will bo seen that the emphasis is plaged upon
- the reasoning rather than upon the mechanical side of muthemntlcs.
Mention has already been made of the use of luboratory exercises,
but this phase of the work nceds special emphasis, for out of it all
mathematical work proceeds and to it all knowledge and skill returns.
i Every effort is made to insure the intelligent use of mathematics as
! ~atool. Opportunities are thus provided for.the child to weigh values
e ~ and learn through his own mistakes. For it is believed that under-
' standing knowledgo comes by use and not by instructiop; that the
child must have a chance to learn through his own struggles toward”
success. ' :
On the other hand it is recognized that the growth of the child in
: accuracy and knowledge is of equal importance with his growth in .
understanding.  Constant review of the old in the new-is provided
and there is systematic effort to let no part of the old be lost through
“disuse.  Adequate’ and rigid drill, but drill in its proper place, after
mastery through use, irsure a high final efficicncy. The extensive
Inboratory work and the provision for dn.ll are both distinctive fea- -
tures of ‘e course.

One further topic will be discussed, the aim of the mnthematlce
courses, particularly in high-school years. The work of the depart-
ment is organized around the belief that courses in algebra and geom-

_etry have a placewand a function that can be filled by no other sub-
! : ject, i. e., to make pluin the essential nature of the thinking processes
_itself. The value of mathematies for this purpose is unique because

it alone can provide mental environment completely under control
and completely devoid of emotional content. Insuch an environment
onl* “an an individual clearly see the relations between the various -
mier.t.  steps or acts which make up thinking. There is no question .
of tre.sfer here. - The child that learns to think in mathematics does
not necessarily learn to think in other subjects, but the child that
learns how he thinks in mathematics and that is taught to think in
other subjects soon learns that all thinking is conducted on the same.
general plan. The courses in mathematics are planned to bring to
consciousness the general features of all inductive and deductive
thinking that out of any and all the mental activities of the individual
there may issue tho sooner that general method of behavior in the
presence of a real pi‘oblem that is characterized as ‘‘general ability.”

To this end the exercises of the school lay more emplmsns thun usual
" upon initiative and execufive ability, upon origipal discovery and . -

analytical thinking, upon recognition and formulation of relations-

- a8 well as upon the deductive application of proved or accepted -
" principles. As & result the mathematics courses have a vitality and .
‘a functional relationship to the rest of nw work which was not \
possnble under the older ayatem. i
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Other features of the school are worthy of discussion, particularly
the attempt of the schodl to study itself and to standardize its work
through comparative tests given year after year under uniform
conditiéns. Thefeatures mentioned yhowever—unity, correlation, and
the principles back of the courses and methods—are those which dis-
tinguish the school from others of its kind and which have produced
whatever of merit there may be in the activities of the mathematics
department.

UNIFICATION OF ELEMENTARY MATHEMATICS..

2}

-

l'l'hlsj)an of the report was prepared by John 8. French,. principal 6( the Morris Heights Schoo!, Provi-
¢ dence, R. I, and relates to certain experimental work_lu that school ]

" The Morris Heights School, a boarding school for boys, is, pri-

marily, a preparatory school for institutions of higher learning, its

- year of formal school wark and ‘concluding with the preparation for
“collegiate or technical training: pupils may thus retain membership
in the school for a long period of time and beneﬁt from the advantages
of a continuous and progressive course of study. Hence, with par-

- ticular attention paid to the mental condition of the pupil as a result

,» of growth and with the opportunity of eliminating irrelevant material
the wark is so designed as to lead ultimately to preparation for higher
instruction.. : . . _

The general idea undetlying the teaching of mathematics is the
development of the scientific aspect. This does not lose sight of the
fact that the mathematics of the elementary and secondary schools
is limited to the technique of the subject, nor does it tend to

~ include the notion of a purely scientific development whﬁinvolves
-8 mastery of hypotheses far from the reach of Yyounger minds. It
does include in its scope the development of a working knowledge of
the fundamental concepts ‘where an appreciation of the relation

~ between the diffgrent branches is emphasized for the purpose of unify-
/ing the work., »

The time for the introduction of any. topic into the curriculum is
based on the principle that any topic entering into the sphere of a
pupil’s intellect should be taught him at once, in order to fix in his

. mind correct ideas about it. . o ,
To this end science is begun in this school in the fifth year (cors
.. ‘Tesponding to the fifth grade), m which the pupils are taken into the
- -/laboratory- and are shown by éxperimept and observation a large
. .phenomens. In connection with ‘this- study  there. is gradually
- “workad in,"as a fggl for getting results, the elementary concepts of
form and their relalion:to number. Thus is laid gradually and un-

a2 14 : L
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course extending over a period of 12 years, beginning with the first .

.+ ~and, $o be sitre, unrelated group of facts in the reshn of natural
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knowingly to the pupil the foundations of science, tending to. a-
- unification of subject matter later on. '
To illustrate this work it is necessary to cite a single example only
~.—the different methods of heating and ventilating buildings are -
studied, the pupils inspecting them under supervision, As an in--
stance, they are required to draw a diagram of a heating system, to
show the indirect method of heating by steam, and particularly to
show its efficiency in ventilation; in addition to this certain dimen-
sions are given, and from these and from statistics on coal consump- -
tion they are required to figure roughly the amount of coal necessary
for heating the building. This work is continued in the sixth,
seventh, and eighth years where the geometry is wholly iriventional
and the symbolic forms of algebra are used as a means for solving
problems. The pupils continue the work in graphics by plotting baro-
metric and thermometric readings, thus getting the first real taste
of a continuous variation. : o ' '

Algebra and geometry are taught simultaneously in the third form
(first high-school yéar). The transition from inductive to deductive -
geometry is iri no way abrupt; but the nation of one dimensional and
two dimensional figures is ‘carefully explained and with it the notion
of equations of one and two unknown quantities, thus making: the
analogous relation between the two evident. The practical aspect
of the two subjects is emphasized ard their correlation with physics
is continued. - T g -

In the study of formal deductive geometry the tendency is to
introduce the principle of cohtinuity as often as possible and thus
avoid the difficulties to be encountered later on, resulting from the
archaic methods of treating isolated’ topics; it also tends to make
the work conform to the general results obtained in algebraic proc-
esses.  This involves, among others, a consideration of magnitudes
and directions in the study of metrical properties and also the geo-
metric interpretation of real and imaginary, equal and unequal -
numbers, and is shown in the study of propositions involving secants

. and tangents, parallels, perpendiculars, similar figures, ote. - .
In the treatment of originals particular caro is puid to the gaining

of correct notions of analytic and synthetic methods of proof, and

the equivalency of equations in transformations is very carefully

treated. = . ' o

* In the more advanced ‘courses thé fundamental notions of the rep- -

= resentation of a condition algebraically by means of .the equation - .

" and geometrically:by means of the locus, and the expression of one.
- in terms of the other, are taken up where the representation of the .-

straight line and cirgle in terms of algebra by its required number of . **

3
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parameters is touched upon. Thus is brought in, in their true per-
~ spective, the ideas of functional dependence and functional variation.

The ideas of maxima and minima are studied in the graphical rep--
resentation of functions, and- the algebraic- definition of a derived i
function is here made use of. In this work the pupil is taught how ;
to express the conditions of his problem in ulgebraic forms and from i
this to plot the curve of the function whence the maxima and the
minima points must correspond to the values obtained from equat-
ing the first derived function to zero and solving. -

The trigonometric fun®ions are brought into the geometry and -
their use in theé generafized Pythagorean theorem is a tendency
toward generalization; also, the ides of the vector quantity is fre-
quently toushed upon, so that when the pupil comes to the study of
velocities and forces the expression, graphigally, of resultants in
terms of components presents no grave difficulties.

The notion of a limit is treated, not with strict mathematical rigor,
but with the idea of creating a working knowledge of it gnined induc-
tively through concrete examples; it makes clear the similarity of
incommensurables and irrationals by means. of a graph where seg-

- ments of the line have their distances measured in such way as to
give & clear representation of the limits in both cases, -
~In the constant use of symbolic forms such symbols are chosen as
are applicable to the work ut hand and in accord with usages higher up,
These somewhat disconnected statements concerning the work
one in elementary mathematics are offered to show that the gen-
+ eral tendency of the work is toward unification, having as an ulti-
mate end the easy assimilation of the more difficult and severely
_rigorous methods employed in the teaching higher up. It is my
opinion, based on experience, that the teaching of mathematies as
an organic unity in which the various branches stand in the closest
relation of interdependence is the only rational method of presenta-
tion, and, further, I am convineed that irrespective of the future
work of the pupil he tan be carried on with equal efliciency by this
method of breaking down barriers and treating-the different brarfches
simply as multiform ways of expressing concepts which are closely
allied as different modes of combining these concepts and as Giffer-
ent representations by means of distinctly differing symbols, and
these because g}e same laws of exact reasoning fundsmentally gov- .
ern all the branches, » o m v '
This scheme of presentation is of value not only in adding to the
. sfficienecy - of the pupil, but in making possible the:covering of a
- wideF ates, eéven te including in his preparatory course & major
"+ portion of the work of the freshman year in college and this with an
aggregate apptopriation of 20 periods for the four-year course of
- the preparatory school, Bx r ol e
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COURSE OF STUDY—‘‘ MIXED MATHEMATICS.”

{This purt of the report was prepared by Prof 6eorge W. Myers, of the Unliversity of Chicago, and relutes

) to ccnn}n experimental work {n the University High School, Chicago, IIL} . ]

The School of Education of the University of Chicago consists of
four distinct parts, the graduate school of education, the college of
education, the university high school; and the university elementary
school. In this complex of departments the university high school,

a coeducational institution of 600 pupils, undertakes to play a three-
fold role. It seeks to earry forward the best type ofdgeneral seeond- -
ary education. possible to its. fuvorable situation betweep a carefully
planned and executed elementary school and a strong and sympa-
thetic university, supervised by a collegiate faculty of education and .
stimulated and aided academically in each of its .departments of .
study by a strong cognate university department. It functions as a
laboratory for students of the departmen® of education for both
observation and practice teaching in preparation for actual teaching

in secondary schools and academies. It also undertakes to furnish a
high order of preparatory training for colleges and universities. "It .
has also strong departments of manual training and of applied arts.

Pursuant to this threefold office the department of mathematics of
the school of education a fow years ago undertook the double duty
of endeavoring to work ouf in the classes into teachable form a body
of mathematical subject matter of high educational ‘quality that
should jeopardize neither the interests of mathematical training nor
of university entrance and at the same time to make the classrooms
function as exhibit and laboratory rooms for teachers in training, -
After considerable preliminary experimenting it was determined to
undertake to organize a body of mixed mathematics around a cengral
line of algebraic notions for first-year students and to make geo-
metrical idens the controlling theme for second-year students. As to
whether the plan of unified or mixed mathematics is to be carried
through the third and fourth years or the plan of topical treatment

.18 to bé reverted to was left to be determined on the basis of expe-"
‘rience with the classes of the first and second years. The first two
years of the course have been worked out and the material is published
in the texts entitled First-Year Mathematics and Second-Year Math- .
ematics by the University (of Chicago) Press.. Experience is now - °
being sifted, analyzed, and studied, and it is ‘believed the last two -

~ years of the course will soon be completed, though the precise nature
‘of this part-of the course can .not yet be stated. - With the part of £~

. the course already ‘comipleted experience is highly encouraging. . .-

. Each teacher of the high -school has ]

_ 1 participated both in the '
“authorship and in the trying out of the material. On the whole the
most encouraging feature of the experiment is the improvement that
it:has wrought in the teaching.’. - The spifit of unity it has: begott
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lin the corps of instruction through cooperation on a common prob-
m can be fully appreciated only by schoolmen who have seen the
wasto due to lack of cooporation. _ )
With the cooperation of the high-school principal it lus been’ pos-
sible to give each teacher at least one first-year class, one second-
Year class, and one or more third or fourth year classes. This ver-
tical division of the teacher's dutics brings him into close touch with
all parts of the experiment and with every grade of maturity in the |
high school. This enhances interest by reducing the mere routine of
both teaching and learning. . i
A fourth-year review course, consisting of one hour per week, is 1
now requiredof all high-school students who are intending to obtain
-~ & diploma with certification to college. "This course reexamines and
", g renews the hold on the work covered duting the first two years and -
¥ gives to this work something of a scientific classification and treat-
‘ment. The purely formal aspects of the work of algebra and geom-
etry are given strong emphnsis in this review. The work of the first
two years together with this fourth-year review course constitute the
required work of the school. _
In the third year parallel courses are given in plane trigonometiy
- .and third-ypar algebray throughout the Year, two hours per week
being given to one su%’ect and three to the other during the first
semester, the time ratio being reversed the second semester, At
present solid geometry and college algebra are given as separate
subjects in the fourth year to those who elect them.
~ The. method of procedure of teaching combines the laboratory,
heuristic, expository, and’ recitation methods. New developments
are worked out with the classes, sometimes heuristically, sometimes
by the laboratory plan, and now and then by the recitation, quiz,
and lecture plan. Home assignments are such as to call for further
- «developments of fairly fully developed theory or examples to illus-
trate .and emphasize theory. The first two years do not alm so -
+ much at thoroughness as at gaining a first hold on the coarser out- N
lines of algebra and geometry. The later work places more emphasis '
on thoroughness and accuracy, though it does not, as is too often
the case, lay great stress on mere ““labial”’ precision.
 The topics in order that are covered the first Year are: _ .
' I General uses of the equation based on the notion of balance of values, \
I1. Uses of the equation with perimeters ‘and areas; related geometry.
JI1. The equation applied to. angles; related geometry and arithmetie,
1V, Positive and negative numbers; related arithinetic and algebra,
V. Beam problems in one and two unknowns; rélated mechanics,
i VL Problems on proportion and similarity; related geometry,
g | 'VI1. Problems on parallel lines; geometric constructions.
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. VIII. Fundamental operations applied fo integral algebric- expmmnu.
IX. Practice in algebmic language; general arithmetic,
X. The simple equatlon in one unknown,
XI. Linear equations in two or more unknowns; graphic solutions.
XII. Fractions,
XIII. Factoring; quadratics; radicals.
XTV. Polygons; congruent triangles; radicals.

In the second year the topics covered are:

I. Congruency of rectilineat figures and circles, with related algebm
I1. Ratio, proportion, and similar triangles; related algebru and arithmetic,
I11. Measurement of angles by arcs of circles; related algebra; use and reduction
of radicals.
IV. Similarity and, proportionality fn circles; quadratic equnuons solution by
formula. -
V. Inequalities in triangles and circles; algebraic inequalities, mdetermlnate
equationd discussion of mots; simultancous quadratics, -
VI. Areas of polygons; use of algebraic formulas and expressions.
VII. Regular polygons in and about a circle; use of formulas and equations.”
VIII. Problems and exercises in graphic and geometric algebra; radical equnhons.

We have as yet no statistical measures of the precise increase of

“output of this modus operandi with high-school students, but there

afe some improvements that are none the less real becnuse they

have not been reduced to figures. A few of them, confessedly of a

qualltatlvo nature, I think are worthy of mention in this report:

1. An increase in mathematical mtereet earnestness, and spirit
among early pupils..

2. A genuine belief attained earlier than f_gn»rly among pupils
as to the real worth of mathematical study.

3. An improvement in independence and solidity of mathematical
thinRing among pupils of the first and second years.

4. There is less of the disposition manifested now than formerly
by pupis to lemn a mathemntxcul study mainly to pass an
examination,

5. Pupils try more persistently to check and guarantee a]gebralc
results by some sort, of gcometrlcal means than was formerly the

- case.

6. Pupils ask more frequently than formerly in friendly mterest

‘what advanced subjects are like, and manifest a desire to take more
rather. than less mathematics.

7. Pupils acquire more of the all-round beneﬁts of mathematlc&l
education. They aro better balanced . mnthematlcally than formerly.

.~ Most teachers will agree that such results as these indicate: a
* distinctly tonie mﬂuence upon the mathematlcal tlunkmg of boys -

and gu'ls
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E THE PLANE GEOMETRY COURSE IN THE POLYTECHNIC PREPARATORY
1 SCHOOL, OF BROOKLYN, N, Y.

[This of the mport was prepared by Eugene R. 8mith, of the I'olytechnic lmpanuory &cheal, of
rTrt Brooklyn, N. Y.)

The Polytechnic Preparatory School is a day school having a
secondary department of 350 boys. As the pupils enter from various
private and public schools, the problem of the school is not snmpllﬁed
by uniform preparation. Its classes are small, the average size of J

- the mathematies classes for the yeawoq—lo being 18, The de-
purtments are highly centralized, the head of cach department
having both the authority and the rosponsxblhty for his depu.rtmem .
and being subjegt only to the headmastors'goneml supervision of
the school.” The department of mathematics is composed of five
men, none of whom teaches any,other subject.

Elementary and intermediate algebra and p]nne geometry are
required' subjects, and are' allowed five 43-minute penods per week
for the first three years of the course. The first year is given up to
elementary algebra, but the other two years have_a combination
course of algebra and geometry, about three-fifths of the time being
given to gevmetry. The object of this simultaneous arrangement of
courses is. twofold: Increased interrelation of the subjects, and
economy of time through continuous trestment of each subject from
the tite'of its introduction until its completion.

In geometry, the use of a textbook containing the proofs of the
propositions has been abandoned, and the classes are supplied with
a text containing definitions, statements of propositions, discussions

- of method, including summaries ‘and other helps to correct attack,
and exercises. :

It is believed that the chief aim in the teaching of geometry is
the development of the power of logical thinking, and that this
power, like any other, improves with practice. The intention of i
the course is, then, to discourage rote memorization of proofs and '
to encourage independent thinking. The propositions are all treated
as ‘‘originals,” or subjects for investigation, and sometimes state-
ments of relationships are deferred until the fucts needed to establish
them have been discovered. Class development of propositions
and exercises is by the ‘‘question and answer’ method, the teacher ;
-asking questions suited to the ability of different puplls and aimed w ]
to lead to a correct method of attack. Any ordinarily intelligent

- pupil who knows the preceding part of geometry as tliis requires

- -him to know it, can do a good share of his own thinking, and while y
~he must have guidance from the teather, he does nob:need to be

told things. outright. .

: Besides class development of new propositions, there is much oral N

_.dlscusslon o.ndl crops~exa.mmmom on the relations of theorems, :
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their usés, methods of attack for various kinds ot exercises, and
other related topics. Proppsitions und exercises are assigned to -
be worked out at homo or in study hour, and a good deal of written
~ work is assigned; this written work comprises careful drafts of -
_ "propositions and’ proofs, more or less condensed, of many exercises:
It will bo seen that this is a combination of the heuristic method
and the genetic mode; it has, however, become customary to spesk
of it as the ‘‘syllabus method.” . C '
' I have said that the pupils must know the preceding part of
geometry. In no other way, I believe, does a pupil come to know
8o thoroughly just what he has had and for what he can use his knowl-
edge as the subject is developed, the theorems are grouped, the use
of each and its relation to those that precede and those that fol--
low it are discussed, and an attempt is made to have the proposi-
tions classified in the mind of each pupil according to their uses. -
- With this equipment a pupil who wishes to prove & proportfon, o,
demonstrate a length relation, or to discover any geometrical truth,”
is able to decide promptly which group of theorems contains the
one needed for his purpose. o _ :
i * -For example, it is required to, prove that if a perpendicular is . -
I dropped from one end of a C]lOlA to the line tangent to the circle
8t its other end, the chord is the meun proportional botween the
+ diameter and the perpendicular. This proportion must depend on
parallels or on similar figures; presumably, after examination of the
figure, on similar triangles. The most promising way of attgmpting
to prove the triangles similar, since tlie conclusion concerns lines
and a circle is given, is by showing that two angles of ofio triangle
. aro equal to two angles of the second triangle. The pupil draws
the diameter from cither end of the chord, so as to have it in position
to be used with the ‘other given, lines, and examines the angles,
beginning with the known right angle, and using the circle in mess-
uring the angles.. .The other auxiliary lina is now self-évident, and
when this point in the analysis has been reached the proposition is
practically solved. - P LT
" The principal function of the teacher in this method is to be a leader
of discussion, helping the class to.avoid difficulties, guiding the inves-
tigation in such a way as not to discourage the expression of sll the
original ideas the class may have, and yet keeping them to the matter
in hand so that time is ot wisted in useless digressions. This does .
. not, méan that a wrong lead is not sometimes followed when it might .- -
~seem/to the pupils a natural method of attack; 8s a-matter of fact, .| -
- the f,(/il)lowin'g upof unusual suggestions often leads to proofs that are - - -
‘new/ to the teacher. This discovery of several proofs for the same
propesition is one of the interesting féatures; as ‘many a3 11. proofs /
« - . of one-theorem; sqmie.of .them: almost if not.quite unknawn, hayé
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been discovered by the pupils, some proofs with gludauce from the
teacher and others without it.

When & class is for the first time developing some new part of

* the subject, a very interesting recitation is sure to follow. A pleo.sure
in discovery, or at the least in contributing some part to a discovery, is
awakened, and the amount of new work that can be: developed in
one penod and left to the class to put in finished form is, after the

- class is well grounded in the fundamentals and the methods of
attack, an astonishing feature. :

The beginning: of the course is never hurried. Like any logical
faculty, the geometrical sense is of slow growth, and a thorough
understanding of the elements is 8o vital to progress that whatever
_time seems needed is given to the first book of geometry. After
this part is well.in hand the course moves of more rapidly, so that
in the end time is actually saved. An average class can finish the

subject, including a large number -of exercises of various types and =

a great deal of drill on mterdependence of theorems and on mothods
of attack, in a little moré than three-quarters of thetime allotted
to it, thus leavmg time for a thorough review of the subject matter
and for plenty of practice on college entrance examination questions.

The success of this method .of teaching geometry seems to be
proved by the interest shown in the classes while such recitations
a8 have been described are in progress, and by the increased logical
strength of pupils so trained. It is not a cure-all, and should not
be regarded as cla.lmmg,unposslblhues, for its excellence lies simply

.in the fact that it attempts to: awaken and to train whatever logical °

faculties each.student may possess. ~ The relative s.bxhty of different

students is not materially changed, but each pupil is encoureged -

and trainéd to use his logical power to as great an extent as he is
capable, and each grows according to his potentialities.

For those who are interested in the details, I will add sample
" developments, the answers expected from the pupils being in paren-
theses, and explanutlons in brackets. Many of the questlone and
~answers are in mt‘cr condensed form

REVIEW LESSON, -

’ e Topic: “Proportions between secls.

What is tho most fundamental way of proving a proportion? (By tho use of par- .
allels cutting transversals,) What is the most important special case of this? (A
-line parallel to one side of a triangle.) . What is the next way of proving a propertion?.

- (By using corresponding parts of similar- polygons ) What special case of this is of .

_ most importance? (Triangles.) When proving & proportion. by h’umglea, which - -

3o o ‘method of showing the triangles similar is moet hkely to.be used? (By two angles~

127" ‘equsl ) Why? (Since the conclusion is to be a proportion hetween the sides, it is

" not'as likely that such a propomon will be known at the start.) Is any other way - -

pasible? (Yed; two sides propomonsl and the included angles equnl ). What will -
piuportion bein f.hat.me? (’Ihe thirdnidee pmporﬂonnltonpui:ofd)opa'
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used in the given proportion.) State three pmpornon theorems depending on rimilar
t.rumglee {Different pupils are called on for the parts of the answer.] Outline the
proof of each. [Pupils do so without figures, indicating the gencral method and the
1mportant stgps. Queationa are asked relative to the points likely to make trouble,
and if the teacher is not certain that the pupils have visualized the figures and fol-
lowed the proofs, the figures are then drawn on the board and discussed.)

.DEVELOPMENT LESSON: NO THEOREM STATED.
Topic: Trapemids.

Define trapezoids. Is anything additional known from the definition alone? (It
has two pairp of supplemental angles.) [It ia sometimes best to compage with paral-
lelograms, yhich also have two pairs of supplemental angles.] We will use this reci-
tation to"find out all wo can about trapezoids, and especially to sce what, theorems

- about triangles are also true of trapezoids. In order to do this, suggost a way to divide
@ trapezoid into figures you have already investigated. [Dnuuon into two mangles :
and into a triangle and a parallelogram are suggested; the triangle suggestion is found
of little advantage at this stage, and the triangle and parallelogram division is decided
upon.] What is known about tho parts of the triangle formed? (The baze of the .
triangle is the difference of the bases of the trapezoid, and the rides of the triangle
arc equal to the legs of tho trapezoid; tho base angles of the triangle are equal to the
base-angles on the longer base of the trupezoid.) State a theorem that appliedto -
“this triangle. (If two sides of a triangle are equal, the oppoeite angles are equal.)
[Some other theorems may be suggested first, and can be used equally well if it can
be extended to the trapezoid; if not, that fact can be shown.] “Show that this theo-

. rem applies to the trapezoid. [A pupil does this when other theorems arq called for,

: and the most familiar and important ones, such as the converse of tho one already

mentioned, and the unequal case, aro stated and shown to apply to tho trapezoid.]
What about the angles on the shorter bare? (Equal if the other pair are oqual, and
unequal in the opposite sense if they aro unequal.) Why? (They have been shown -

to be supplemental to thio base angles on the Jonger base.) What other linesin the trap- -
ezoid might we examine? (Tho diagonals.) Suppose an isosceles trapezoid with the: |
diagonals drawn, what do you think is likely to be true of the diagonals? (They are -
cqual.) What method of proof is most likely? (Corresponding parts of congruent
triangles.) What triangles can bo used? [Pupils name them and show them con-
gruent.] Does this prove anything besides the dingonals equal? (The corresponding -
angles are equal.) Can theso angles be used for any new fact? (Tho triangles from

the ends of the bases to the intersection of the diagonals are isosceles.) [The recita~-

tion can bo continued until every desired fact about trapezoids is found. The
continuation-of tho legs to form a triangle, as well as the trianglo formed by drawinga

. line from one vertex parallel to the other. diagonal, might be investigated; the subject

is prolific of s:mple facts, and is one of interest and of importance in relation to other
figures. * When it is finished, the stud&nt ehould have a good idea of the trapezoid
and its properties. This is of course but one of many such investigations that are .
suited $o a class discussion.] - 2

DEVELOPMENT OF'A PROPOBITION.
Btatement: To inseribe a reqular decagon s na given circle.
" [This is'chosen as a.samplé because it is one of the difficult propo- S
' sitions, and at first: thought mlght not seem likely to develop readily, -.-."
As a matter of fact, some pupils- discover it practxcal]y without -~ -
suggestion by. app]ymg the analysis method of attack.] -

* What is'the best way 0 discover & conattuctxon? (Draw ‘the required figurg. Iree-
; hsnd, andbymalyuinrytoﬂndo thowto u-uctit) - Buppoes the-circl O tobe
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' given, and let AB be a side of the requir-d decagon; what can you suggest? (Driw

OA and O0B.) How can you use the condition? (Angle O is one-fifth of a-atraight
angle.) What else is known about the figure? (The triangle is iscaceles, so angle A
and angle B are each two-fifths of a stmight angle.) What can be donoe to make use of
the relative sizes of theso anglea? (Bisect angle B.) Why? .(To form another angle
equal to angle 0.) Call the bisector BP; what is now known about the angles of the
figure? [The pupils determine (hio rize of cach &ngle in terms of fiiths of a straight
angle.] What follows from’ this? (The small trisngles arc isosceles.) low many
. different lengths have the sects in the figure? (Three.) And what relation have
the three? (The sum of two equuls the third.) Which one is known and can there-
fore bo used as a basis of length? (Tho radius.) Call it r; which do we wish to find?
(The chord.) Call it z; how long is the third sect? (PA=rz.) lave we mado
all possible use of the bisector BP when we use only the fact that it makes equal
angles with the arms of angle B? (It also divides the line OA into parts proportional
to the arms of angle B.) Give the proportions in terms of r and z. (r/r=1z/(r1x).)
Aro these sects all in one line? (Yes.) Then in what way is that line cut? (In
mean and extreme ratio.) Then wo have found that in a regular decagon the side is
what? (The mean sect gotten by dividing the radius in mean and extreme ratio.)
What would be the converse statement? (If the mean sect of the radius is used as a
aide of an inscribed polygon, the figure is a regular decagon.) - But does tho converse
always hold? (No.) MHow do we find out whether it holds or not? (Take each
“given,” and see if the figures formed are the same.) In this case? (Take an
angle equal to one-fifth of a straight angle, and a different chord equal to the mean
sect, and see if each gives the other.) DNoit. (The given angle haa ita chord equal
to the mean sect by the proof just given: The chord taken ia therefore equal to this
chord, and must have an equal central angle; therefore the chord given equal to the
mean sect has a centra] angle equal to one-fifth of a straight angle, and so is tho sido

of a regular decagon.) What do you conclude to be the method of inscribing a regular -

decagon? (Cut the radius in mean and éxtreme ratio, and use the mean sect as a
chord.) Why is it regular?” (It is inscribed and equilateral.)
Note.—Soon after writing this development, one of my classes took up this propo-

. .gition. 1 was much interested to see that the answers followed the plan given hero

almost cxactly. If a stenographic report had been taken it could hardly have been
more accurate, in content at lgmul than was this forecast, of such a recitation. The
only difference was that the class went on and found two other methods of proving
the construction.

s’g«MPLE GEOMETRY TEST.

Given in February, 1811, to s beginning class that had studied rectilinear figures,
including triangles, parallels; and parallelograms. The questions were not counted
of equal value. Time allowed, one hour.-

1. What-is the sum of the interior angles of a\polygon? Of the exterior angles?

Prove one. (an there be a polygon such that-the sum of its interior angles is
five times the sum of ita exterior angles?. One such that the squafe of the

number of straight angles in the sum of its interior angles is four times the:

number of straight apgles in the sum of m exterior angles? Prove. both
G answers, showing your methed clearly.

II. What is the most fundamental way of proving triangles congruent? What is -

the principal use of congruence?. List the ways of proving triangles congruent

that use equal. pnrta How can correspondmg parts of congruent t,rumglea be_. .

. recognizéd?_

: YA
111. 8tate three important facts about pa.rallelogmms, and prove cne. tht i a .
parallelogram, and how can this definition be ‘used th‘a pamllel m s

given?

IV. ‘Prove that if two anglee of a triangle are unequnl ‘the oppoalte des are also

unoqual, tha B (ﬁniah the mtement )
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REAL APPLIED pnom.nus' S

[’n:hpano!thonportmmpamd by James F. Millls, o!lhe Francls W, I‘utw&chnol Chlm;o.md
rdnluwthomko!ﬂnucbooll

For a. number of vears the department of mathematiecs in t,he
Francis W. Parker School Chicago, has been experimenting along
the line of teaching algebra and goeometry in rclat.ron to theu‘ practxcal
uses,

The Francis W. Parker School is primarily an experimental school. -
- It was founded some years-ago by Col. Francis W. Parker, whose
- name stands among those of the foremost lffiders in the reform .

movements in education in the United States, for the purpose of
putting to a practical test or carrying out certain fundamental ideas
in the modern theory of education which he evolved or championed.
In this democratic school edch department has the greatest of freedom,
both in regard to methods of teaching and to the orgamzatron of the
content of the curriculum.. The unifying influence in the work of
the school consists of adherence to a few great fundamental princi-

ples in the modern theory of education, chief among them being that.

of self-activity of the pupil as a basis of all educative work, which

demands that there be proper motivation of all school work and that .

the work shall relate to the m(penences, interests, and needs of the
individual pupil.

" In conformity with these guiding prmcxplos, tho aims of the mathe
" matics work as planned in tho high school are not merely those of

mental discipline and preparation for college entrance, but it is the
aim of the school that the student shall look upon the various mathe-
matical subjects prlmarrly as powerful and mdrspensable scientific
instruments which the world has developed and uses in carrying on
its practical work. Each mathematical subject has been developed,
it is aimed to show, as a scientific body of principles and processes for
use in solving certain types of problems that are actually encountered

‘in the world's work. Algebra. undertakes to solve problems of certain

types. geometry problems of other types, calculus problems of still
different types, ete.

Up,to the present time the deviation in the work of the school from

the traditional courses in algebra and geometry has consisted largely

of two things; (1) Gathering together and using in the classrooms.a = -

large nurhber of real applied problems of algebra. and geometry that
are encountered in ordinary everyday life i in the wvarious trades, in

~manufacturing, in the. construction ‘and:use- of various tools and " -

" measuring mstruments, in seience, in engmeenng, in architecture and

, desxgmng, in carpentry, in sheet-metal work, in marine surveying, in -
navngatlon, end in many other fields of aotlvlty, ) practlca.l meas-

urements, constructlons, and ﬁeld work.
v o ST -
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- In algebra a textbook has been used. ‘But it has been supple-

mented by the use of mimeographed pages of practical problems.

One important type of these problems consists of practical formulwe

that aro used in computation. These formul® include, for example,

“those for computing the- horsepower of engines, for computing wind
- pressure, for computing the draft in chimneys, for computing the

deflections of beariis, and a great variety of other such formuls;

simple electric formule, formuls for computmg the \eloclty of falling

bodles, and other sxmple formul® in elementary science, and the ‘ T

various formulm used in pmctxcal mensuration.

The eub]ect. of algebra is approached through the use of these
formuls in mekmg practical computations, beginning with those

which express in symbols the simple rules of mensuration, interest, %

etc., with which the student is already familiar. Grudunlly and . |

incidentally the idea of general number and literal notation, the use 1

of exponents, signs of grouping, etc., are introduced as means of

expressmg and solving certain types of problems, and the student is
in the midst of nlgebrgbefore he knows it.
 Similarly, the equation is developed as an instrument or device
that is used in solving other types of problems. Enough real prac-
tical problems that are solved by .equations have now been collected
to supplant practically all of the traditional artificial problems that.
have filled textbooks. . ¢
In teaching geometry a very large collectlon of real problems has I
been made. Good applied problems of geometry are more easy (o -
find than practical problems of algebra. These problems represent
applications of all parts of elementary geometry, plane and solid.

Many. of them are problems of construction; many are problems &
" requiring.a proof; and others are problems of computation, based -~
upon the theorems of geometry.

When the use of applied problems of geometry was first undertaken
by the school they were mimeographed and placed in the hands of
the students and used to supplement the ‘“original” exercises of the
textbook. With later classes the axperiment was tried of tesching
¢ ‘without a textbook, but placing in the students’ hands mimeographed /|
coplea of & manuscript in which real applied problems were made an ! g 2

mtegral pagt of the subject. Finally, a textbook was evolved reor-
ganizing the subject along new lines, emphasizing constructions, and, {
by incorporating the best of the applied problems that had been tried,
out, presenting geometry to the student, not as a mere éxercise to b - - C
pursued for purposes of mental discipling dlone, but as a Sclentlﬁ¢ '
- instruptent. for solving those problems encountered in the world’
work for which it is adapted. - : i

[
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In uddition to the use of real applied problems in the classroom,
another phase of the work in geometry has consisted of practical

. constructions, measurements, and field work.- For example, each

pupil constructs on cardboard or metal & diagonal scale that- will
measure to hundredths of an inch. This is preserved and used in
iaking uccurate measurements in later problems or constructions.
Ita construction involves the problem of dividing a sect into any

number of equal parts, and its use involves the principle of propor-:

tion in similar triangles. Students make an instrument called a

quadrant with which they measure the altitude of the sun at different .

times of the year. The use of this instrument involves the principle
that vertical angles are equal. The use of congruent figures is made

in measuring the distances out of doors between points separated by - -

obstacles. ' The principles of proportion are applied in ‘determjning

heights and distances in the neighborhood. The plane table ig used .
in measuring the distances between inaccessible objects, and fn the

construction of maps. This eonstruction, measuring, and field work
huve proved of intense interest to students in the high school.

It is hoped to work out in a practical way, in the near future, the
practical correlation of algebra and geometry with science and other

- .subjects in the curriculum. A few points of contact of both algebra -

,and geometry with physics, of algebra with chemistry, and of geometry
with woodwork have been made. That much more of this correlation
of algebra 'and geometry with other school subjects can. bs made is

certain. For the student to see the subjects of algebra and geonietry .

a3 scientific instruments that the world uses in jts practical work is-

ot sufficient; he should be able to use them to a considerable extent -
in the solution of practical problems arising in his own work in
. science, in ‘the shops, etc. Problems that are the student’s own 5
problems are of the most intense iriterest, and it is in the solution of

such problems that the greatest educational value lies.

The theoretical values of the use of these real applied problems in-
the mathematics work of the school are three. They lend real interest

to the study. of the subjects, and hence provide genuine, legitimate

'motivatiogk_of the work. They assist the student's knowledge to -
* function by giving him practice while still in school in the use of that -
knowledge in ‘the solution of problems such as he may encounter i

later Iife. Finally, through their informational content a more

sdequate understanding of ‘the environment in" which the individual - -
lives.is afforded, and-avenues of life interest, opened that otherwise -
‘would remain closed to the individuat throughout life. - That the first "~

of these valyes is a real one the schbol has

7
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A SECONDARY SCHOOL MATHEMATICS CLUB.

A
+ [This part of tho report waa prepared by C. W, Newhall, of the Shattuck School, Faribault, Minn., and
relates to the work of a club {n that school.}

The Shattuck School is a boarding school for boys of about 14 to 19
years of age. Its pupils come from many States, to be prepared for
various colleges and engineering schools.

The mathematics club to be described was orgamzed in 1903.
Its membership is limited to the students of the semior class in ¥
mathematics, who have finished the usual course in plane geometry, |
have had two years’ work in algebra, and are studying solid geometry,
trigonometry, and advanced algehra. The instructor of the class
acts as leader of the club and premdes at the meetings. o

~~ The meetings are held on the evening of the weekly holiday, and, E
as an offset. to the time devoted to the meeting, no preparation is !
required for the regular classwork in mathematics for the next day.
Each of the 15 or 20 members is expected to prepare a report
(requiring about 10 minutes for presentation) once in 5 or 6 weeks,

The object of the club is to study unusual and interesting mathe-
maticel topics which do not find a place in the regular curriculum.
The subjects include topics from' the history of mathematics, famous
problems, puzzles, fallacies, and tricks—anything, in fact, which is
capable of a mathematical solution or explanation, and which &
promises to be interesting. This last criterion is most important,
for a voluntary club of school boys will not thrive:if the meetings are
dull. The program of last year, giving a list of the subjects discussed,
is appended to this statement.

As the boys have had no previous experience in such work, they
need help in the preparation of their reports. Brief outlines are
furnished, giving rather explicit suggestions as to the treatment of
the topi&, what to include, and especially what to leave out. For
historical fopics it is easy to refer the student to books, but for such
a subject as "Mathematical Symmetry in Nature’’ he must-hunt
more widely for his material and needs more suggestions. In o [z
taking up “Non-Euclidean Geometry,” “Infinity,” and *“The Fourth '
Dimensipn”’ the leader must point the way with still more care,
and with such a subject as the “Foundations of Geometry,” he must.
‘oﬁen the discussion and perhaps do the larger part of the work himself. q

A list ¢fsthe books in the mathematical hbra.ry of the school, which -
have beeh found most useful in the club work, is appended. A collec-"

+ tion of gome 40 or 50 articles on appropriate sub]ects taken from
‘popular:magazines is also available. : 1
At each meeting three or four special toplcs are presented all, '

.- bearing on a single general subjéct. The speua.l toplcs as well as i

..+ the general subject for each eeting are listed in’the program for

; ,v1909~10 referred %o a.bmre. 'L‘he:e g rio preecnbed form of pfesenﬁa-
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tion. Some of the boys speak from notes, referring perhaps to
illustrations previously placed on .the blackboard, others prefer to
read selections directly from the books which. they have consulted,
while still others prepare carefully written papers which insome
cases have been subsequently elaborated into graduation theses.

Each report is followed by informal discussions during which _

- the speaker’ is expected to answer any questions which may be °

|- raised. The ‘leader may come to his assistance in casé of need -
or may add a brief comment upon the topic, but one of the cardinal
principles of the club is that the boys shall do most of.the talking.

For the purpose of giving some suggestion of the spirit of the meet-
ings, we may describe in some detail the treatment of a subject . .
which always arouses the keenest interest—puzzles and fallacies.

The.subject is presented by first placing a fallacy or puzzie before
the members and giving them a reasonable time for exercising -
their wits in its solution. At the end of the allotted period, the
trick is ‘‘given away” if not already’ discovered, and the mathe-
matical principle is explained. ‘ .

An idea of the character of the fallacies discussed®may.be had by
consulting, for geometric fallacies, Ball's, White's, or Ozanam’s
books on Mathematical Recreations; and for algebraic fallacies,
Viola’s Mathematical Sophisms. The puzzles include the innymer-
able card tricks which rest on some mathematical formula or some
principles of arrangement and tricks by which the performer dis-
covers one'’s age or birthday, the number of spots on & card, ete.,
by requiring one to*perform a series of arithmetical operations
whose result reveals the required number. The following example
of this type was given at.one of the meetings: \

The performer chose seven other boys and, during his absence'
from. the room, a ring was placed upon a certain joint of a certain

‘ finger of a certain hand of a certain boy. . The right and left hands
were numbered 1 and 2, and joints, fingers, and boys.were also
designated by number. The four numbers indicating the position
of the ring may be designated by u, v, 7, and . '

. "On returning to the room, the performer called for certain multiplia
.cations and additions of these four numbers resulting in the expression |
1000u+ 100v + 10z + 7)\ He theén called for the result and, on-being
* told that it was 4732, announced that the ring was upon the second.
joint of the third finger of Smith’s right hand. » _ Bo |
~ In conclusion, I may say that this mathematics clib his proved - :
- %0 be a most interesting and valuable adjunct of  the regular work .

“of the classroom. , ‘ .

The members, to be sure, acquire no very ‘profound’ knowledge -

: of the subjects disgussed but they do come to have a broader view
. .. ofethe scope of mfathematics -and-—the most valuable . result--the;

a;‘aﬁti}n\l,lﬁt?,fito‘ Sye g ik L .




166 MATHEMATICS IN S8ECONDARY SCHQOLS. - : , f

PROGRAM FOR 190p-t0, 0 : .

Pirst Meeting.—Algebraic Fallacies. ;
%" An informal consideration of certain proofs (?) that 2 equals L1 equals 0, 1 equals
-1, etc.
Second Meetmg —Our Number System.
1. First notions of numbers.
2. Priggitive numeration,
3. Development of decimal system.
4. The positional idea. . J
Third Meeting.—Number Systems and Symbols.
1. History of our Arabic symbols. i . T
" 2. Number symbols of other systems. . , '

—

3. Nondecimal systems,
. 4. Some problems in a nondecimal aystem, 4
: 5. The duodecimal va. the decimal. : !
Fourth Meeting.—History of Arithmetic and Algebm S . I
1. Among the ancient nations. : ‘ 20 i
. 2. Among the Greeks and Romndans. i
3. Among the Hindus and Araba.
4. In Medieeval Europe.
5. Thy development of algebraic symbolism.
Fifth Meetmg.—Numericnl Curiosities.
1. Mystic properties of numbers.
2. Prime numbers, triangular numbers, squares, cubes, etc.
3. Magic squares, s
4. Large numbers. )
5. Number forms.
Sizth Meeting.—Numerical Curiosities (continued).
1. The number 9 and its properties. ] \
2. Other curious numbers. '
3. Mathematical short cuts.
4. Mental calculations. :
Seventh Meeting.—Numerical Tricks and Puzzles.
1. Numerical tricks.
2. Numerical puzzles and catch questions.
3. To discover a number thought of.
Eighth Meeting.—Geometrical Tricks and Puzzles and Mathematical Games. Infor-
mal consideration; no formal reports.
Ninth Meeting—Card Tricks involving some mathematical principle ‘of number or
‘position. Problems on a chess board. :
Tenth Meeting.—Foundations §f Geometry. .
. 1. The assumptions. ) T
" 2. Nature of space. o .
8. Definitions. s . : - ¥
"4. Logic of geometry. . 4
Eleventh Meeving.—History of Geometry. ' '
. - 1. Beginnings of geometry
25 " 2. Early Greek geometry. | e
- 8. Euclid-and his immortal elementa
* 4. Recent developments jn geometry, | %" o
Trielfth Meeting ~Famous Problems of Geometxy 2%  oe g
1. 8quaring the circle. || . . %8s
.. 2. The duplication of the.cube, .
8. Regular- polygom and poly]iedrom
Flmoul pxoblema of nlid mﬁ'y. i :

by /"
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Thirteenth Meeting—Foundations of Geometry.’
1. Geometric assumptions. '
2. The straight line, and how to draw one.
3. Non-Euclidean geometry.
4, Some criticisms of tho clasa textbook.
Fourteenth Meeting —The Mathematica of Common Things.-
1. The mathematical principles of maps.
2. Optical illusions.
3. The carpenter’s square. e
4. Weighing and measuring.
5. Mathematical symmetry in nature.
Fifieenth Meeting.—The Fuiryland of Mathematica.
1. The Tourth dimension.
2. A visit to Flatland.
3. A visit to Infinity.
4. Curved space. °
.Sixteenth Mecting.-—Higher Mathematics. .
1. History of trigonometry.
2. History of logarithms.
3. Calculus, and other pleasures to come.
4. A world without mntléenmti(-s.

§

REFERENCE BOOKS,

Below are appended the titles of a few books and pamphlets
which have proved most valuable in-the work of the club. Only
publications in" the English language are mentioned. Additional
references will be found in-Smitl’s * Teaching of Elementary Mathe-
matics,” Young's ‘‘Teaching of Mathematics,” Withers's ‘ Parallel
Postulate,” White’s *‘Scrap Book of Elementary Mathematics,”.
Abrens’s “Unterhaltungen und Spiele, " etc.

This list does not include textbooks, nor articles in encyclopeedias,
magazines, etc. Among magazines frequently containing such arti-

cles of interest are School Science and Mathematics, The Open Court, -

The Monist, Science, The Popular Science Monthly, The Scientific
American,ete. . .
' s» (1) Foundations and criticisms.

. 8
Common Sense of tHo Exact Scionces. ... . .Clifford. ......... Appleton. =
Space and freometry......... ... Mach........... Open Court, d
Euclid’s Pdrallel Postulate.................... Withers.........

Euclid........ bpooaod Y5cac0a000d faoaooeocssaes Frankland

N¢n-Euclidedh Geometry........ Bocosoooos ...Manning........

GéomotriéAxioms (Popular Scienco Lectures, Helmholtz

2d sericd). - . - e
‘Mo Thirtoen Books of Euchid's Elements, Heath..........
. with Introduction and Commentary. +* . .
_ Mathematical Monographs. ........ coeefe. Young.o..ll., Longmans, .
" = Lecturep'on Elomentary Mathiomatics......... Lagrange........Open Court.
" Theories of Parallelism...................... Frankland...... Cambridge Prees.
N[:mbor Bystems.................ooiiueai.. Fine............ »

~ The Teaching of Geometiy. . ........ oo Smithy oL

N
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(2) History. - ’ :
History of Mathematics.. vevev...Cajori......... . .Macmillan.
History of Elemeontary Mnthomnucn .......... Cajori . L ....... Macmillan.
Short History of Mathomatics.. R | 1 A e Macemillan, .
Primer of the History of Mnthomntics ........ Ball............ Macmillan.
Greok Geomotry from Thales to Euclid.... ... Allman........:.Dublin  Univemity
History of Groek Mathematics............... .. Gow.oonnnnna. ., Cambridge.  Univer- i
' sity Pross _
Buclid..........,.....ooo i, Smith. ......... Scribner. ’
The Story of Euclid........................ Frankland. .. ... Wosel & Co. -+
Famous Problems of Geomotry.......... ... .. Klein........ ... Ginn & Co. ’
Mathomatical Monographa........................... ... . ... .Heath & Co. '|
History of Teaching of Flementary Geomotry Stamper, ....... Tenchers College, Co-
= ' : lumbia Univenity.
Portraita of Mathomaticisns.. ..., ... .. Lo Smith.. . Open Court. . .
The Teaching of Elementary \Imhomun( ..... Smith. ........, Macmillan.
Rara Arithinetica,....................... ... Smith........... Ginn & Co.
Sixteenth Century Arithmetic ............. .. Jackson..... ... ~.Toachers College, Co-.
lumbia Univenity .
The Hindu-Anbic Numerals.......... .. .. .. Smith and Kar- Ginn & Co.
pinski. : :
’ . ! (3) Recreationa. )
8crap Book of Elementary Mathematics. . . ... White. . ..., ..., Open Court,
Mathematical Recroations. .. . ... e Ball.............Macmillan. . L
Mathematical Eseays.......... o 000d ~.s.....:Schubert....... .Open Court.
The Canterbury Pugzles.......... e, Dudeney. ...... Dutton & Co.
Paradoxos of Nature and Science.............. Harpeon. ... ... Dutton & Co.
The Number Concept. ... .......... e Conant....7... Macmillan.
: Philomﬂy of Arithmetic............... ... .. Brooks......... Normal Publishing
: Co., Philadelphia.
Recreations in Science and Mathematics '... Ozanam. . . ... .. ;
Scientitic Romances.................... .. ... Hinton....... .. Swan, Sonnenschein
' & Cas
Fourth Dimension. ... .. %000008000800a800006 Hinton'........ .Swan, Sonncnschein
_ % : o & Co.
" Flatland................. y00qQEB00a0a Ll Anon.. ... ... Littlo, Brown & ( o,
Geometric hxomuea in’ Paper T folding. ..... “.Row:............ Open Court. “
How to Draw & Straight Line.......... . .. Kompo......... Macmiljan, , J
Geometry and Faith. . ............. ... ... Hill. .. ... s Loe & Shepard. i
Short Cuts and By Ways in Mnthomnu(n ...... Blakie.......... : L.
Visit to Algobra Land..................0.... Ward........... Educational Publish- i
: : _ ing Co,; Syrucuse. '
Primitive Culture, Vol. I............ Boooanag Tylar.......... ... Heary Helt. *
Magic 8quares and Cubes.............. ... ... Andrews........ Open Court. _
Thé Fourth Dimension. . ...... %cagosonecacag Manning........ Munn & Co. . i .
' Pleasure with Profit.......... s S Leybourn (1693) Out of prlnt - o
"l‘nml-ted by lIut.tcm. out of print; only. second-hand coplu obtulmble
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CORCLUSION.

"The prolmnnur\' classification of schools has been used comy-
paratively littlo “in describing courses of “study and methods.
Although location, religious connection, and . various features of
organization were considered in making tabulations, few distinctions
botween these various tvpes of schools appeared in the data bear-
ing upon the teaching of mathematics. The classification, while
unnecessary for describing differentiation in courses and methods,
has been retained because of its.value in a deqcnptmn of the general
characteristics of the schools included in the report.

The data reported by the schools have been presented as accu-
rately as possible, with almost no comment. The report is not a
complete description of mathematies tgaching in private secohdary
schools, and we have indicated roughly limitations to the reliability
of the figures, but in this form the report should be of moro value
for comparison of .tlm schools of this field with the, others than if
interpretation reflecting the personal convictions of the mombom of
the committee had been gwon )

In the discussion of aims, however, criticism of the provmlmg

" views with regard’to certain questions is perhaps implied, and in

closing the report a word of commentary .may be permitted. The
statement in regard to.coeducation and to the various-questions
of aim show that fow toachers are in the habit off‘annlv?ing their
problem carefully. One of the greatest needs of  mathematical
education in soc ondur\' schools to-day is the scientific "determination
of its legitimatoe purposes. Teachers should be less content to be
guided by an examination requirement or to have blind faith in the
supreme value of their subject. There should be a conscious pur-
pose in all teaching and frequent attempts todimeasure results.’
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ondary institutions exclusively, cover more or less of the secandary
field in their work. ' : a o = = o

A. MATHEMATICAL INSTRUCTION ‘FOR EVENING TECHNICAL SCHOOLS.

© Meeting .requirements of compulsory egucation.—With the excep-.
tion of some privately endowed schoolsf the evening schogpls have in
the past made but little attempt to provide mathematical instryc-
tion of & sort that would meet the requirements of men and boys
engaged in our constructive industries. In fact, most of the instruc-
tion in mathematics has been of an elementary order, meeting only
the’ Various legal requirements in the several States with reference
-to employment certificates. For the benefit of those who are un- °

education law of New York State is given:

The following reports relate to institutions which, though not sec- - T

familiar with the-spirit of such laws, the following extract from the , 1

Every boy between 14 and 16 yearsof age * * * who is engaged in any useful ]
employment or gervice in a city of tho firdl claw or a city of the second class and
who has not completed such course of study ss is required for graduation from the -
elementary public schools of such « .ty, and who does not hold either a certificate
of graduation’ from the puflic elementary school or the pre-academic certificate
issued by the regents of the university of the State of New York or the certificaty of
the completion of an elementary echool issued by the edutntion department,. shali
attend the public evening schools of such city, or otﬂor evening schools offering an
equivalent course of instruction, for not less than six%ours each week for a period of
not less than 16 weeks in each school year or calendar year. : s

The intent of all such laws has been to proyide for the illiterates.
Consequently evening classes have been filled with boys angd:men of *
all ages, interests, and capacities, who cd%ld ‘hardly understand the
language' of the classroom and who knew even less about the simplest
operations of arithmetic. . . :

Such a procedure naturally geveloped a series of olementary even-
ing schiools with little or no plan beyond that of meeting the State
laws. . Furthermore, the pupils themselves were practically driven
to these schools by officials appointed to -énforce compulsory attend-
ance. C

: ~ schools has gradually been developing in ‘the larger cities. These -

Development of evening high schools.—A series of evening high |-
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< schools have reached & higher class of pupils—yoiung men and women
who could do more than read and write, ° .

- At first, many of them were naturally studious and sought with
definite purpose educational- advantages in the lines of algebra,
geometry, and trigonometry. Many were preparing for entrance to
some college while at the same time they were earning a living. '

Later tho commercial courses were introduced.- They appesled
“to s much larger constituency, who were perhaps not naturally
T -, studious and yet who sought definite instiuction in commercial -
o arithmetic, bookkeeping, etc, - Kk :
Within the last 10 ycars the shop and laboratory courses of our
‘manual-training and technical high schools have been made available
. to the pupils of the evening schools. Thus we find another broad-
ening out of evening instruction, meeting the needs of boys and men',
working in manufacturing industries. ‘ - .
Present weakness.—We note how the public evening schogls have
broadened their scope so far as educational activities are concerned. .
The same can not be said with reference to the method of instruction
pursued, for in too many instances it has becn haphazard, indefinite,
and unorganized. Day-school teachers, unfamiliar with the dpecial
. needs of evening students, have been engaged; textbooks written
|~ for the day elementary and high schools have been adopted; methods
!' of teaching peculiar, to the requirements of thte immature day-school
. pupil have been thrust upon the mature members of the evening
classes. . : '
i Privately endowed schools.—~Fortunately, throughout the period of
l the development of the public evening school which has been briefly

described, certain institutions—notahly, Cooper Unioh, in New
York City—have been steadily building up & comprehensive scheme *
of ‘evening instruction which definitely meets the individual require-
-+ ments of those engaged in technical work. Courses of instruction
covering a definite period of years, trained teachers, special notes, .
and general improvement hased upon previous experiénce, have
made these schools leaders in the field of evening techpical instruc-
tion. . } s o -

Main purp'os{: of the report —The movement toward better public )
evening school instruction along lines of technology is so recent and
the number of privately endowed evening schools of the same order -
86 few that this report is necessarily limited in its statement of any
definite development of high grade institution. Perhaps, ‘after all, it - -
can serve no more useful purpose than to outline someifundamental -
points which must bo considered if such instruction i8%0 be mdte

- effective, particularly in view of the fact that these points have been
suggested.by the answers to inquiries sent out by the committee. -

e
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Form. of blank.—A series of questions was sent by the committee to
all evening trade, technical, and industrial schools, covering the fol-
lowing points: 2= 0 '

1. Nature of school—acddemic, or technical, or trade school.

2. What degrees granted, if any; and for how much work,

3. Number-of years required for full cotirse.

4. Approximate humber entering each year,

" 5. Approximate number graduated each year. . S
| 6. Nature of course in mathematics. Is mathematics. taught
with relation to the studepts’ occupations{ - ’

" 7. Number of hours per week devoted to the various mathematical
subjects. : .

8. What textbooks are used % .- ' '

" 9. Are these satisfactory;-or if not, in what points are they defec-
tivet - ’ :
. 10. In what way could the textbooks you use be bettered, if any ?

11. What is’ the business of the night instructors during the day-

{

night ¢ .
- 12. What is the average proportion of your instructor’s salary for
his evening work to his day salary ?
" 13. In what way could the ‘“‘personnel’’ of your instructing staff
be bettered, if any? - : . ‘
14. What proportionate amount of time should be given, in your
opinion, to the various branches of mathematics?
The following is a summary of the replies to the more important of
these que§bicm/s% B : o '
~ Improvement of evening schools.—An important educational move in
the immediate future should be in the direction of improving the
“instruction in evening schools and adapting them to the needs of in-
dustrial workers. The methods of these schools should be recast,
They should adapt themseélves to modern industrial conditions, and
through proper instruction of practical subjects touch more closely
the economic and social life of the times. The evening school student
attends tb satisfy a definite need. - These studenty have already re-
ceived a more or less formal education in the public schools. They
are receiving in their daily work incidental industrial experience, and
have learned from. this thorough' teacher that they are deficient in

»

fit themselves for definitelirfes of activity.
s Vital needs.—Therg are certain vital needs in the organization an
methods of conducting evening industrial improvement schools.  The-
- evening technical school deals with two rather distinct classes: First,
those who are naturally students and seek with & definite purpose
.~ educational’ advantages in the advanced lines of. mathematics, and

s
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time; that is, is it at all related to those subjects which they teach at -

some lines; hence this endeavor, outside of their working hours, to . .
o
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- ‘mechanics ; second, those who are not naturally students and yet who
‘seck with & more or less definite aim educational help in a solution
of some present problem which involves special service. The latter
class is interested in shop mathematics, elementary engineering prac- .
tice, etc. : ]
Courses must be of two kinds.—The recognition ofsthese two classes

. meens that the courses of instruction must be of two kinds, one com-

_ paring favorably with the day-school work in its general scheme, the

r' other and major part differing decidedly from the methods ordinarily.

pursued. The evening work of the nonstudent class‘must have its
own distinct ideals, methods, and estimates of value based. upon
current community conditions and ipdividual needs rather than based ,
on the regularschool standards which are applicable primarily to the
stident class.. ' " 4

Teaching staff.—Day-school teachers are employed too much at
present in evening schools. These teachers can meet the needs of
the student class, but they can not properly teach the nonstudent
class whichyoften consists of industrial workers. To the custom of .
employing day-school teachers must be laid much of the lack of défi-
niteness in the planning of evening-school work. Itisa very simple’
matter for the average day-school teacher to adopt the regular text-

- books and to use the regular outlines and methods. ‘This is a perfectly
consistent action, for few regular teachers have opportunity to know
the vital industrial needs of their students through their own academic
experience. Now, the only people competent to teach in our evening
intlustrial and technical schools, even on the book side, are ‘tho men
and women who know from their contact with modern industrial and
commercial life vital points of interest which concern these workers -
who come to the evening schools to meet definite needs. u

A few typical answers to question No. 11 will show how few i~ -
structors are in touch with the practical aspects of technical problems
relating to their mathematical teaching. . ' o

. ““Three. teach mathematics during the day.” “We employ day-

" school teachers.” “Practically all our teachers teach the same sub- ,
jects in the day school.” “Both are teachers in the day school.”
“Feach mathematics in the daytime.” ‘*Teacher in grammar
'school.” “‘All teach in day schools.” : .

Contrasted with these statements are those from the majority of

-+ the evening technical institutes like Franklin, Cooper, and Lewis.

. © “Only two of our day-school teachers teach in evening school,”

. “Night instructors are employed in engineering work during the day.”
“‘Part ‘are teachers; remaining ones are engineers and draftsmen.””
‘““Most of our teachers have been with us for many years and are -

~_g;horoughly_cgpable.” o o SO

o o °0
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The direct appeal.—Evening school instruction must appeal to the
- student immediately at the beginning of his work. The subject

matter of the early lessons must satisfy his need ns he has defined

it. The success of evening instruction depends upon this principle.
_ For example, a young mach.lizei]st has received a reprimand from his
foreman because he can not estimate the amount of ‘“‘set~off”’ of the
tailstock of a lathe to cut a taper. He enrolls in a class in trigonom-
otry to meet that deficiency and finds that the first two lessons are
concerned with definitions, the next three with quadrants and tables,

and that the remainder of the term is to be spent on'the development

of formula. During this time he is receiving in his daily work the"

same reprimands, and is therefore debating in his own mind the value
of his evening instruction. The average apprentice machinist does
not see the direct application of this instruction to his work. He
enrolled for a-éﬁnite purpose. It would have been perfectly possible
to give in the first five lessons some elementary but practical in-
struction jn the application of the right-angled triangle to the offset
of a tailstock. Instead of leaving school at the end of the fifth
lesson with no instruction which appealed to him, ho would have
received enough in those five lessons to fit him to meet the demands
of his foreman and more than likely he would have remained in the
mathematical class to receive the more definite and thorough instruc-
tion in its theory which must be gained if one is fully to‘comprehend
and cover the entire range of the subject. .
Flexible courses.—The various featungs of the different courses in
mathematics must be elective and fleXililg and presented in ‘small
and varied units. Instead of printing in a course of study ““arith-
metic,” ‘‘geometry,” etc., there should be printed, ‘‘arithmetic for
mochanics,” “arithmetic for clerks,” ‘‘mechanical drawing for ap-
prentices,” etc. . Where it s possible even a finer differentiation is
desirable, such as ‘“arithmetic for plumbers,” ‘‘arithmetic for errand
boys,” ‘‘geometry for machinists,” etc. Not only will this presen-
tation serve to catch the eye of the prospective student, but it -will
~ also suggest to him that special effort is to be made in the class work
- to help him in his daily occupation. The instruction in the various
branches must be adapted to the needs of the various occupations,
~ The terms used in tho classroom must savor of the shop, office, and
store. Experience shows that the problem ‘‘ What'is # of 374 %" does
- not, appeal so much to a clerk as the problem, “What will § of a. yard
of cloth cost at 3%} cents a yard?”’ On the other hand, the latter
problem’ does not awaken the interest of the mechanic as much as
~ the problem involving the same operations, which reads, “‘If a copper
casting weighs 374 pounds and specific gravity of iron is 3 that of
... copper, what will the casting weigh if nmde of jron$” LB
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Departmental system is not always suited —Oftentimes the students
will do better work and more will be accomplished if the mathematical
instruction is definitely related to the vocational work and is given
by or'under the direction of the teacher of the_technical subject.
For example, it is possible to teach the mathematics of steam engi-
neering in connection with steam-engine practice. - If the student
sees the need of using a certain formula he can be better taught the
derivation of that formula when the necossity arises for its use. In

1 general, it may be said that the nelfgor subject in evening-school work

is the vocational one—that is, th one related to the daily occupation
of the student—and that all the bther subjects, such as mathematics
and science, are but incidentsto the accomplishment of the vocational
‘purpose. . An illustration will serve to make clear: A machinist
enrolls in an evening school for mechanical drawing and finds that he
needs to'brush up in fractions and decimals and that he needs square-
root in order to work out a formula for screw threads. The oppor-
tune time to teach him these topics is when the need for them orises,
. and noneis more qualified to give the required practical instruction
in such topics than a competent drawing teacher. The value of
sending him to another class for a line of mathematies unrelated to:
his main “center of interest” is questioned. : ‘
Along the same general lines the following description of work in.
Lewis Institute, Chicago, may be cited: - -

The larger group, however, is composed of men and boys who must have a practical
grasp of mathematical principles for their work in engineering. Hero thero is no
attempt; tq teach mathematics as.a thing apart from its applications. For the first 20 €
weeks the studentsin the first-year engineering principles, about 230 in number, meet
Iwo evenings 4 week for two Hours, . During the fimt hour in the mathematica lecture -
room a sheet of problems is given to each etudent, and the instructor works the.prob-
lems on the blackboard and explains the principles involved. These problems are
based directly on the second hour's work, which consists of a demonstration lecture in
applied phyeics. Thus, in the physics lecture room a crane is set, up, and spring

. balances are arranged to show the stresses in the boom and tie. The following evening '
in the mathematics lecture room problems on the crane and triangle of.forces are
tolved and the mathematical principles are discussed. * motor-power test with the
JFProny brake is the basis for work and power problems. During the third term of 10

s ‘Wecks the students spend two evenihgs a week in the laboratory and one evening in
solving problems based on their laboratory work, At the end of the year each student
has a set of sheets containing the necessary dqﬁ'.nitiona, tables, and statement of prin-

* ciples from the physics lectures, a sef of laboratory repart blanks in which is a record
sheets with a solution of the problems.

e R — .. .

= s

o —————.

<f his laboratory work, and a et of pmﬁﬁ
These are bound for the students, and by thigmheans they have a permanent record of
the year’s work for future referenice.and study. 5 at . :
During the remaining threer years of the engineering work the mathematics is con-
tinued in the closest possible relgtions with it. All the while the methods of solving
the various problems that arise are kept as simple as possible. A judicious use of
arithmetic, 3 very little algebra, or.a simple disgram secures results that areoften.
obtained throagh elaborate Processes Involving Jengthy operations and complicated: -
-equations. - Many -of the Atudents learn to use & table of fonr-place logarithms, the

A
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] the bolt. This problem involves square root and decimals. *One hour of individual

* this is often made evident through their joining the regular class in mathematics the

. would be better to have the mechanical drawing lead the-studenta:into mathematice.

. being glven “Experience teaches that evening schools are so over-

_immature from the mature nonstudent class. The latter are ex-
- not take kindly to being instructed in arithmetic in the =Y

. students should be classified in the mathematical classes ac¥ording

slide rule, and the table of series, cosines, and hngenu ekillfully and intelligently.
We havo learned that it is not neceseary to tell a man that he can not enter an engineer-’
ing clase in the evening achool till he has studied mathematics one or two years. He
can get & working krowledge of mathematics through the problems. » s

_In the Springfield (¥ass.) Evening School of Trades the instructor
of drawing used a method similar to the following:

When thé student reached a place in a drafting course dealing with the subject G
of ecrew threads, it became .neceseary for him to apply some such formula as
P-O .244/d+0.625—0.175, where P is the pitch of the-thread and d is the diameter of

or small-group instruction by this teacher gave a student tho necesaary fnmlhanty
with theso mathematical proceedes to make them suﬂimently clear to him. in their
application to the formula.

Undoubtedly many students arc rot satisfied with thu; incomplete instruction, and

next yeaf in order to gain an insight into the reasons involved in the process of square
root. Instead of thorough preparation in mathematics for mechanical drasing, it

This reversal of the usual pmcedurv, while it may not be pedagogical so far as the
subject matter is concerned, is certainly true to experience when one deals with the  °
characteristics of the average eveging-school student. The teaching of application
before theory should be always emphmnzed in evening instruction.

Sequential arrangement of courses.—Mathematical instruction ehould
have a sequential arrangement, elementary and advanced courses

TR, RIS

crowded in the elementary courses thaf the more advauced students
suﬁ'er through insufficient attention.  If the student’s transient need
is well met, it will place him in a better position, only again to make °
him feel a renewed need of self-tmprovement This means that he -
will return to the evening school in some subsequeny year, when he
ought to be given advanced work. Not only must eachis¢
work be driven home and clinched, buf each series of yéakg

Claamﬁcalwn by ages. —Where poss1ble there should
evening-school work " a separation in the cldss instruction of the

tremely self-conscious. Their feelings should be respe ed as far, as
possible. - Is it any wonder that & foreman of a pajtern\s sho, P

with a boy machine tender over whom he has-charge durmg‘
Classification by vocations. ——Undoubt,edly, as far ag is -possible

to their trade or business. To-day workingmen have common trade
interests. Evening-school students grouped according to occupation

wouldl ha.ve an opportumty to t,alk over these mterests The teecher

o
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" could act as a leader and draw ol'fnf_:students into telling their trade
oxperiences, and through the expression of these various opinions the
most practical solution of the particular problem at hand would be

. obtained. Teachers who have had evening-school experience know -
how difficult it is to get the students to recite and express themselves
at the blackboard. A free discussion of the point at issue makes the

c student lose his self-consciousness and before he is aware of it he is at

the board illustrating his particular method of solution,

It is recognized by the committee that small schools will have diffi-

‘culty in diviging the classes into ‘ocgupational groups. However,

- any evening school with an enrollment which requires the formation

of more than one class in a given subject can at least divide its class
enrollment into two divisions: (1) Those engaged in mechanical, .

“clectrical, and steam-engine practico trades during the day; (2) those

‘engaged in building trades durifig the day. Thoe larger the enroll-

ment the finer the differentiation as based upon the daily occupation

of the students. ) .

Tertbooks for industrial workers.—Textbooks written expressly for
the kind of instruction demanded in evening schools should be used.
There should he a marked difference between the methods of instruc-
tion in day and evening schools. What is needed, for instance, is not

_~) an cliborato textbpok in general arithmetic, with all jts topics of frac- «
tions, decimals, square root, percentage, interest, partial payments,
bank discounts, éte., but rather a book which appeals to a man in the
machine trades, then one which appeals to a plumber, or a clerk, or an
errand boy; small érough to slip into the side pocket of a coat and
cheap enough so that he can readily own a copy for reference in his
daily work, / '

Furthertmore, there should be textbooks so arranged as to relate a

series of questions to ondven plan; it would be much better than a

large numnber of totally unrelated questions. In addition it may be

said that these questions should deal with simple actual problems..
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B. THE TEACHING OF MATHEMATICS IN PRIVATE CORRESPONDENCE

i

Preliﬂii'nafy stalent:u.'—-—ln the preparation of this report the most
completqlist of correspondenco schoo}s possible was obtained.. The
-list sho I.ed that many of these institutions wers of such nature that
they did not give instruction in mathematics. In obtaining the data
for the teport the committee sent a blank which contained questions
asking for the information desired by the general committes. One
hundrefl and thirty-five correspondence schools, colleges, and univer- )
sities doing correspondence work received these inquiries, Only a
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small number replied. For this reason the conclusxons in thls report
are drawn frong. insufficient data to make them of the highest value.
Nevertheless, the replies received were from such institutions as make
them falrly representative of the field covered by correspondence

- instruction in mathematics,
Historical sketch.—Instruction by correspondence is of compara-

-

tivgly recent origin. It was first successfully developed in Germany
about the middle of the nineteenth century. The first attempts to
introduce this method of instruction in the United States were in
connection with the Chautauqua Literary and Scientific Circle, which

. organized a department of correspondence in 1884. - Singe then the
. work has extended throughout the country, and the correspondence

method of instruction is employed not only by independent schovls,
but also by a number of the leading colleges and universities.

Two classes of Institutions are engaged in instruction by corre-
spondence. Theseare the independent correspondence schools—insti-
tutions doing all of their work by correspondence—and colleges and
universities having correspondence departments. The following

~* report is divided into two parts, the first paft dealing with the inde-

pendent correspondence schools and the second with correspondence
departments of other institutions. *~ . oy

Independent Conespondence School.s o0

Orgamzatwn —The plan of orgamzatlon of mdependent corre-
spondence schools varies somewhat in detail, but in their essential
features all plans are nearly the same. No. -gystem of classes or class
work exists, and instruction is with the individual student. With
scarcely an exception these schools arezentirely independent of other
institutions of learning.” However, those whose instruction is recog-
nized as thorouglt often have their students accredited in higher inst!-
tutions of learning which the said students desire to' enter. This

credit, it should be said, is a matter resting entlrely with the accred-

iting school and unlebs the student so accredited is able to sustain
Himself in the departinent which, he enters, the credit is withdrawn.

= Nearly all "of tfe best schools have courses which prepare their

students for the freshman year of colleges and universities, but most

of them are also. hlghly specialized and devote the groater part of
* their time to preparing their students for the various vocations which
these studerits wish to follow For this réason the coyrses in mathe* :

matios and. the instruction ngen are on & much more limited plnn\,'

00ureea of smd/y “The reports recexved show t.hat amthmet.xc, a.lge-

, brn, and geometry are taught in a lahMonty of those schools”
< wluoh tqaoh mathem:»tm at all. A lmubed number have courses: in

; " than conrsee of equa.l strength ip lugh sehools colleges, and: univer-- .
. ’ Sitluo '

)
!
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trigonometry and commercial arithmetic, and a still smaller number
have special courses, by which is meant- courses especially adapted
to fitting the student for some vocation, such as accounting and elec-
trical engineering. While the schools offefing such courses are fewin -
number, their patronage is very large, and most of the courses in
mathematics which these schools ¢ffer are devoted to the various
lines of industrial work.

Methods of instruction.—The method of instruction is practichlly
the same in all of these institutions. Texts are sent the studentsfan,
- they are required to, prepare the lessons assigned on these

When the lesson is prepared the student writes his lesson papey
swering questions and solving proplems required by the school.
. paper is forwarded to the school fiwhere it is reviewed, criticised, and
? ~ usually graded; then returned to the student, together with suc, sug-
~ gestions and directions as the instructor feels that the student ned
The plan of sending out the lessons varies. Some schpols send a
once a volume containing all the lessons of the course; others send
pamphlets containing one or two lessons each, and when the course’
is completed, present the student with a bound volume containing all. -
the lessons previously sent in pamphlet form. The questions for the
lesson paper may be in the text or they may be sent from time to
time as the student requires them. The schools vary also in, {heir
- plan of assisting students. Some schools-send. along with the first
lessons carefully prepared directions for study, and others give these
directions from time to time as the lesson papers are returned. In
every case the student is thrown upon his own resources in the prep-

aration of his lesson and his lesson paper. " 4
t ~ Textbooks.—In the matter of supplying students with textbooks

* three plans are followed. ~Some schools use a special text, prepared
by their own instructors and adapted to the needs of-their students.

Others use the regular texts employed in residence work, sending the*

students questions based upon the lessons in these texts. The third

plan uses the regular textbook and supplements it by a correspondence
instruction book, in which the lessons are outlined, instructions for
study given, and occasionally supplementary exercises added. These
instruction books in most cases also contsin the questions upon which

! the lesson paper is based. - " . _
. qThe special texts used in correspondence instruction are prepared _
as carefully as those used in residence work. Nevertheless, these, -
same books differ widely from the general textbooks on the same sub~- - -:
ject. ~ Concerning thia the report from one of the schools makes the - -
* following statement: ' B T C e
* The aim of the author of the ordinary textbook is to produce & work thfnt may be.
used by all who wish information thst would naturally come under the heading

claspified, and hejs no
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- ‘The leading correspondence schools, however, are constantly and deliberately vio-
lating all recoghized rules of textbook making, They aim to give the student exactly
what he wants and needs in.connection with the particular line of gtudy he desires to
pureue, and to'give him no more and no less, and the books are prepared in such a
manner that the student can obtain the information desired Jn the shortest possible
time, ' .

Furthermore, the makers of these books aim to, make them so clear that they can

not be misunderstood by one of averagg intelligence, and t make all explanations so
complete that the student will have no trouble in interpreting them for himself. In

the correspondence textbook, in other words, all the difficulties of the stugent aro as
far a8 poséible anticipated, because.the apithor keepa constantly in mind the fact that
many of these students can not get assistance from any one except by writing to the
school, and in somé instances it may take several weeks or even months to obtain an
answer, . v
Another important particular in which. the correspondence text varies from that for
residence work id' in the space it devotes to those. particular phases of the subject
needed by the student; that is, the arithmetic for use in a course of engineering will
~ contain'much more upon the subject of evolution than isfound in the ordinary arith-

metic of similar grade, while it may contain little or nothing on the subject of ;

denominate numbers or of percentage.

+ The textbooks in mathematics prepared' by correspondence schools -

are partid{llarly “‘doing” I;qoks.' They show the student how to
arrive at the results he must attain in the shortest and mogt practical

way, omitting the discussion of principles or the reasons underlying
the formyla and rules given. They prepare the student to perform

some special line of work, but in gaining this preparation he acquires,

little or no power to solve problems in other lines of work, unless they
are very closely rolated to the course which he has studied,
Conclusion.—The committee found no independent correspondence
schools which have special courses.in mathematics for the preparation
of teachers of this subject. Some of them offer review courses with a
view to assisting the teachers, but these are limited in extent and ap-
parently contgin but little.in the way of directions for teaching,

‘In the’matter of examinations the committee found no uniformity
whatever. Some schools require examinations at stated intervals;
some when the course is completed, and others consider each lesson
paper an examination, and when the last paper is received consider
the course to be completed. If the student has met the required

standard a certifigate to this effect is returned to him with his last

paper. Where examinations are given there is also a wide difference
in the value assigned them in detérmining the student’s standing at
the completion of his course. &ome schools consider them to be of
equal value to lesson papers; others consider the final examination
. tohave two-fifths of the value of the recitation papérs'and few place
. but little value upon them. From the reports ¢oncerning éxami-

' mations the committee was unable to draw any satisfactory gonclu- -
- glon. - Considering the reports a8 8 whole, it would seem that less .
m{u‘m was paid o yritten examinations j gzom{ondegog work, -

a
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Universities and Colleges.

Organization.—All colleges and universities reporting to tle com-
mittee state that their correspondence work is organized as a depart-
ment of the institution. These departments have no direct.connec-
tion with other schools, but without exception the credits gained
through .correspondence work with colleges and universities are
accepted ot only by the institution giving the course, but by any
other universify, college, normal school, or high school to which the
student applies for admission. : : S
Courses of stuayp—Most of these institutions offer courses in corre-
spondence parallel with those offered in residence work. One
replies: ‘‘We offer courses in elementary algebra covering one year ...
of the usual high school course; plane geometry covering one year
of high school work; solid geometry representing tho-usual half year
* of high school; higher algebra representing the half year of advanced
high school work; higher algebra representing one semester of fresh-
man ork in & university ‘and trigonometry covering plane and -
spherical trigonometry and representing one semester of freshman
work.” , One of these, a State Wniversity which has. cstgblished a -
very extensive correspondence department, offers 12 vourses of ele-
montary grade and 6 courses of university grade. Six of the cle-
mentary courses are vocational, each being designed especially for
the purpose of assisting those who take it in the particular vocation
they are following. In this respect these courses and the texts con-
taiging them follow very closely the plan of similar courses prepared
* by independent correspondence schools doing industrial work. The
elementary. courses and those of university grade in this institution
are similar to the same coyrses provided for residence work. = *
Methods of instruction.—Methods of instruction in vogue in' the
& correspondence departments of colleges -and universities are prac-
- lically the same as thebe employed by independent correspondence
schools. However, a larger proportion of these institutions use the
ordinary textbook, expecting their students to prepare their lessons ,
* from these texts as best they can. When these texts are used, ques-.o b
" tions upon which the lesson papers are based sre sent the studen
at regular intervals. Some of these schools send students special
‘instructions Wwith the return of their lessons or with the assignment
of lessons. 7 "o . o .
- Preparation of teachers.—From the replies received it appears-that - -
o majority of colleges and universities maintaining correspondence, = -
departments provide through these departments for the training of .-
teachers in mathematics to a limited extent, An occasional institu-
tion gives a special course for this purpose, but the others give the
work in connection with ari’ ordinary. course in’ the subject studied, * ;

.- . adin grithmetio of algebra;

s
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- The requirements for admission to these courses vary somewhat
widely. Some institutions will not, allow undergradaate students to

take teachers’ courses. Others open these co ) :
completed a four-yéar high school course agd two years’ work at a g 5

good university or college. Some of thesé institutions require the
candidate to enter upon a course leading fo the degree of Ph. D, and
‘to do a part of the work in residénce, dévoting at least one-third of
his time to giving instruction in undergm:l%te'classes. Another *
institution in addition to-the work in mathematics requires the study

of the pedagogy of mathematics, a course which concerns itself
chiefly with reasons and methods for teaching elementary mnthe—
matics, espécially arithmetic. .
" Conclusion.—The replies received by the committeo show that i
instruction through gorrgspondence is rapidly mcreasing in our lead- .
“ing colleges and universities, and that no subject can be taught by
“this method more successfully than mathematics. Some of the
State universities are using this method of extending work to reach
& large number of people within their respectlve States who desire
mathematical trmmng to assist them in their various vocations, In
neither the universities and colleges nor the independent correspond- '
ence schools do we find uniformity in courses of study of requlre-
ments for admlssmn to the courses or standards for secunng evi-
“dence ‘that courses have been completed. The courses'in methods’
of the universities and colleges, with the exception ngmed, follow
more closely Similar courses for residence students than do those of
the independent schools, and reports from all institutions complying
with the committee’s request.show that the work accomplished is
of such nature as to be of pe;mp.nent-b'eneﬁt to the student

.C THE TEAGHING OF MATHEMATICS IN 'SCHOOLS AND COLLEGES o
FOR NEGROES. . . o M ° |
Scmrce of data ~The following report is based largely upon material
. furmshed by the followmg well Jmown schools and colleges for
negroes. »
Atlanta Baptist College, Atlanta, Ga. o . ,
Atlanta University, Atlanta, Ga. * : 1.
- Figk University, Nashville, Tenn. . ' ¢
. " Florida Agricultural.and Mechanical College, Tallahassee, Fla 3
. Shew University, Raleigh, N. C: ¢
Telladegl College, Talladega, Ala. =~ -~ :
/%L:glme Union University, Richmond, Va ‘ - o
pton Institute, Hampton, Va. o L e ' :
«* ' = Arnistrong Manual Trmmng School, Washington, D A ;
s Colored High Sehool, Baltxmore, Md L

-~
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Character of the work:—Owing to the ‘poor instruction in the
elgmentary public schools generally, the schools of secondary and
. higher grades for negroes are compelled in most cases to offer ele-
mentary coyrses also. "And even when the teaching happens to be
_good in the elementary school the chances are that the upper grammar
grades are not glven In order, then, to cennect their courses
witl the ordinary %lemen}ary-school courses it is necessary for
the-private schools to do*some elementary work. The bulk of the
work of high-school ind college grade among colored people is done
in ghese private schools. There are compamtively few highaschools
and colleges for colored youth maintained at public expense. Most
of the private schools and dolleges carry alt of the dementary grades
from the first through the eighth,-and all of thém have at least
the last one-or two grammar grades. In the best of these schools
the work of a given grade is abokt the sdme as that in the correspond-
ing gtade in northern puublxc achools, but the pupils are often con-
siderably 'older. In “the. public schools the - grades full somewhat

behind similar ones in th$ North.- . -

The currjculum. —In the schools for negroes, then, the work in
mathematics is‘about as Tollows:

Elementury sohool Years I-VIII, inclusive. (Often'only I-vIl &

. years are given in the public schools) Five recitations per week,

“ except in certain industrial schools-like Tuskegee and Hampton
with only thrée and four recitations per week, In the lower grades
the penods are usually 30 minutes nnd in the upper at least 45
minutes. ;

% Arithmetic usua]ly is the onlv sub;ect offered.

ngh (secondary) school. -t o oo
) IX. Algebra, 5 recitations per week.
" X. Algebra, half year, 5 recitations per week.
"~ Plane geometry, half year, 5 recitations per week.
XI. Plane geometry, kialf year, 5 recitations per week, L
A . Solid geometry, half year, b recitations per week. - . .
i Advanced algebra, half year, 5 rocitatioP per week.
XII. Mathematics rarely required. )

N

\The following are offered in & féw cases:
. ‘Advanced algebra, half year, ) ~
L. Plané trigonometry, surveying, half year, _
" Analytjcdl geometry, half year. c - .
Mechanics, lngll yesr. ' o i
Mathematics of chemistry, half year. ‘< :
Shop problems, half year. ‘!. .
Few of:the schoals, give the work in mathematlcs in exactly the'
order given pbove, But nearly ail of ther devote about three years .
‘to the algebra and plane geometry ordinarily taught in a high-sghool

; course -Most of them reqmre 8 year and & half for the elemeﬁtaryx

4)
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- schools vary all the way from a half year to a year-and a half for
this subject A half year is ‘the rather uniform time given to solid

", offered by buthfew institutions in their high-school departments,
College. The required work in mathematics usudlly covers only
the first two years of the college course. Some choice of subject is
often allowed in this period. But few schools offer otheriglectives i in
subsequent years.
‘The following coursed are commonly given:
College algebra, half year, 4 or b périods per week. .
Solid geometry,.half year, 4 or 5 periods per week.
Plane trigonomstry, half year, 4 or b periods p?:r week.
~ Bpherical trigonometry (in a few cases). -
Analytic geometry, whole year in & nuraber of cases. R
-8Burveying, half year. -
.Astronomy, half year. . ) I )
Most of the schools do not offer analyh%éedmetry or spherical
. trigonometry. But several 6f them not only give these subjects, but
differential and mtggmf calculus also as electives. . Such schools are
Howard University, Fisk University, Virginia Union. Umvemlty, At-
lanta Umverslty, and posmbly some. others,

'~ usually routine and conventional, following the textbook, ‘with little
regard for the choice of subject matter. Someof the better schools are
beginning - to eliminate obsolete material and to leave such subjec
.88 square and cube root for work in" algebra., Too often by far the

most notable exceptions to these conditions are to be found in the
model schools and teacher-training departments of the better schoors

Schoof, at Hampton Institute. With the work of these primary
- schools should be mentioned also that of industrial schools like the
Calhoun Colored §chool, the Penn School, Tuskegee Institute, and
Hampton Institute. In such institutions the arithmetic work is

solils, paper cutting, measures and weights arg used in the teaching,
~ and outdoor measurements are made by the students. Material for
g clasaroom exerclsgs 18 taken ffom the fields, shops, offices, and indus-
"tnal activities.of the schools and their nexghborboods And classes
vare ‘taken in#the shops and offices to seo practlcal 1llustrat10ns of
-the problems studied. Q-

i b,ﬁchools for negroes corresponds fa.vorably in subject matter with

algebra. - For the plane geometry a year is usually ngen, but the

geometry. "The latter. subject and advanced algebra, however, are .

such as Spelman S,emmary, Atlanta “University, and the Whittier

The work in arithmetic in the gradés.—The work in " arithmetic is

teaching is abstract and usually without practical applications. The #

o .

very concrete and the method of teaching mainly ob]ectwe \Lmes, :

Seamdary work —The’ work in mathematxcs in the secondary or .

W}nte teachers Yrom the
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North or colored teachers educated in northern schools have charge
of most of this wopk

The algebra coverg at least elementary work, including ratio and
proportioti, radicals, radical equations, theory of exponents, and the

‘binomial theorem, and in the stronger schools special drill in.quad-
ratlcs' complex numbem, logarithms, and the use-of the graph.

' The plane geometry is usually | taken complete with original demon-
stmtxons, but in many schools a number of the ongma.l exercises are ~

.omitted." :

Solid geometry is taken’ cqplplew
Ty public high schools of Washington, D. C., pffer perhaps a fuller
course than any others of thesecondary schools for negroes. Inaddi-
. tion to the algebra and plane geometry usually given they have ad-

‘ vanced algebra, plane trigonometry and surveying, solid geomet®,.
plane analytical geometry, mechanics, mathemaplce of chemistry, end
shop problems.

"8 these schools the teachers of algebra frequently vxsit. the grades .
where arithmetic and elementary algebra are taught, so as to keep
their work in close touch with that of the grades. Pupils coming
from thebgrades find the transition less difficult for this reason.

& In geometry pupils are required to make accurate geometrical con-
structions of figures embodying the conditions of the hypothesis for
each theorem. Simple original exercises &re begun early in the
course and continued throughout. .Particular attention is given to
the development of general principles for attacking original prob- .
lems.. And the lesson assignments always inclade preparatxon for
advance work. °

The work in solid, geometry begins with pre ary mstructxon in
the best conventional ways of repreeentmg in drawings mt,emectmg

“and parallel planes, and with a review of the idea of perspective in

* the . representation of solid ‘ﬁgures An easy and,rapid free-hand

* oblique projection is taught and insisted upon in the construction of

.. altfigures. Constructidn of cardboard models is encoura.ged at the
-+ beginning of the course. Ve

In trigonometry the aim is to complete the simplest e.nd most

»  eoncrete part of the subject before taking up thée more general and

'/ abstract parts. In the latter part of the course 3urvcymg is stressed,

and the denvatmn of 'many of the formulas is reserved till some

. . problem in surveymg shows an actual need of them..

i . This work ig fairly typlca.l of what is done in the more a.dvenced ]

~ high schools and. ¢dlleges with secondary grades. In the weaker -

- institutions and in the industrial schools, like Tuskegoe and Hamp-
ton, no ourses above plane geometry are dffered. In thelatterschools

_ partwtﬂarly, the work in geometry Jargely inventional.. Many of ..

b the most mportsnt 'theorems, dr monstrated end 8 good deal

ey
AR
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. original work is done. -This study suppléments the courses in me-

chgni_cul_({muing._lts relations to t_lici_ygfioug trades taught are

- constantly shown.

PractXal applications.—In arithmetic, problems of & practical E

character are used by the better institutions, as already mentioned.
. Geometry is used im mechanical drawing and in the work of the
various trades. “Mathemalicd is also applied in the work in chem-
istry, physics, and-in the gleétrical engineering laboratories ‘of Bome
of the colleges, in such hlg}l schools as those in Washington and pos-
sibly in the new and finely equipped Sumner High School in St.
- Louis, the most complete puiblic high-school for colored youth in
America, costing, with' equipment, $500,000. The schools for col-
ored students are, however, not strong in applied mathematics. As
President John Hope, of the Atlanta -Baptist College; well says:
““Openings ir’ jobs that call for higher mathematical development
... have been almost abs.olutely closed to young’ negroes, so they have
not had the incentive that white students have had along mathe-
matical lines.” N %I:
d . College Work. S
Character of the work,—Apart from their weakness in applied

. mathematics, the colleges for colored youth do about the same kind .

of work as the nogthern colleges. They naturlly do not offer-so
many courses. But they very uniformly give those indicated above,
And they do their work with onsiderable thbroughness. The better
students from the best of the schools are ablg upon completing their
‘courses ter the junior clabses at Harvard and Yale, and a few have

even been able to enter the senliorclasses. Many of the northern univer-

sities give them full college crbdit for their work in mathematics: In.

. fact these students are more likely to compare favorably with north-
ern white students in mathematics than in the natural and social
sciences. - For the latter the colored schools are not well equipped.

Generally, as Sfaw University reports, the graduate of the prepara- .

tory department of these schools is about a year below the standard
of the typical high school, and, consequently the college clasges are
"below tHe standard to the same extent. There are, of course, excep-,
tions and especially in the case of ‘a fow high schools in the-border
States. = ° . - |

Entrance requirements.—Since practically all these™schools carry

~ the elementary grades to some extent, there is no hard and fast re-
- quirement for admission ‘ to' the institution. But the Work of each
-~ department thust_be completed Vefore a student is admitted to the

»

next higher department. None of these institutions is more bxacting

in such matters than Atlanta University, which-writes:
For entrance to the high school we require an examination in the arithmetic of the
perade ‘grammir’ school. - The inakility of ‘many negrogs, ,wf‘iidlv in ‘the

BulsaiGi e e Sghl
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country, to get good preparation forces us to be very lenient in these examinations;
and a large percentage of our pupils have to apend two years in the completion of the
work required of the first year.
For college entrance we require an examinn.tlon in the mathemtlcs of our high-
school course or its equivajent.
This, for Atlanta University, means a.lgebra including quadratacs,, _
logarlthms and the use of the graph. Most colleges are not quite so "
"rigid in-their requirements. _ 2,
For entrance to Hnmpton Institute proper, work that would pre-
" pare for a typical fifth grade is reqmred Tuskegee's requmements 5
are no higher. ' :

For the well-ordefed city high schools the usual work of seventh
or eighth grade is required for admissioh. - '

Requirements for graduatwn —Very few of the schools offer more
than one or two electives in mathematics. So that witlr the excep-

_tion of sphencal trigonométry and analytlc geometry, and in a few
cases surveymg and ‘astronomy,. all the work set down above'is
*  required in the several departments as a rule.
The anathematical ability of the colored race as compared with the -
white race.—The general feeling i1 the institutions covered by this
report is that the differences between the races in the matter of
mathematics,.in so far as any differences exist, are due to conditions
rather than to race characteristics. In addition to this, it is inter-
esting to’notice. the opinions given directly by the 11 schools con~
_triButing to this study. . Five of them féel that there is no difference
. “due to race. Two are of the opinion that colored students generally

"™  are not the equals of white students. One school was not able to .
’ - make any companson Three did not reply to the question regard-

© . ing a comparison of the races. Replies were made by both white

and colored teachers who have had years of experience in colored

sch‘oo‘lg and in some cases in white schools. !

o
] + O, #
T " o
.
L3
I
. (]
D - -, '.
) ‘e A .
. T R
’
. .d
L N a oV ‘e




