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MATHEMATICS IN THE ELEMENTARY SCHOOLS

OF THE UNITED STATES. -

”
. Y

SUBCOMMITTEE 1. SCHEMATIC SURVEY OF AMERICAN
EDUCATIONAL INSTITUTIONS—THEIR SEQUENCE AND
INTE}!RELATIONS. . ‘

< The following report of Subcommittee I wax prepared to meet the
special needs of fareign renders.  Although it does not relate =olely
to elementary schools. it forms an appropriate introditetion to the
gvnorur report of Committee No. 1L sjnee some schematic survey of
our edoertionn]l institutions is neeéssary in beginning the study of
our system. For this reason it precedes the general report of this |
committee,

GENERAL DIVISIONS.

-

The American svsteni of education dixides into two main divisions:
) Y !

A, Public education : Government controlied and Government rupported.

3. Nonpublic education: Controiled by religious hodies, private corporntions,
or person# with philantbrople or fiduclary intent. May'be subdivided into: (a)
Religiong edueation, cantrolled and rupported by religlous denominations and
rects; tb) private and semiprivate inxtitations, Tincliding those nmnnged for
arofit; and (¢) supplementary and estra institutionndized agencies, s_ug'b as the
Carnegle foundation for the promotion of teaching. the Russell Sage foundation,
and the Nutional Eduneation Assoctation, :

. CAGENCIES OF PURLIC EIUCATION,
"“'1."The Natlonal Government. This administers but a small portion of public
education. (a) The Bureau of@Edueation ig a untjenanl otfce. under the De-
partment of the Interior. 1t iy deshaied mainly to assemble, digest, and dis-
seminate educational information. It is alke charged with coertain respongi-
bilitles for native education (in Alaska). (b) The Iudinns of the United
NStates are mostly wards of the Nntion. Ax such they are edueated by the
National Government, either through subsidies granted to church badies or
through scheols maintained by the Department of the Interior. These schools
partake of an industrial character. (¢) The Nationnl Government also organ-
jzes or provides for the organization of the school systems for ity dependencies,
such as Porto Kico and the Philippines. Similarly it provides for the rchoot
system of the Capital Clity—Washington. (d) Two principal schools—West
Point and Annapolis—and a number of minor sshools are malntained for the

7
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8 MATHEMATICS IN THE ELEMENTARY SCHOOLS,

tralning of officers and wen for the Army and Navy. (c¢) The National Govern-
ment makes appropriations to each ¢of the States for the furtherance of higher

~s-education {n agriculture and the mechanle arts. It has also in the past provided
exteuslye land grants for the support of the public:school systems of the Stutes
and universities. In conjunction with the States, or sometlmes philanthropic
ngenole'n, it carries on tnvestigation aud expertmental work In agriculture &r
educational purpoges.

I1. The State governments. The primary ageney for the exercise of mw'uu-
tlonal functions ts the State. Ahe Nutional Government eXercises no- control
aund 8o far lttle power of suggestfon over State povernments.

(u) State,constitutions. These, ns fundamental lnws, nsunlly contaln pro-
visions requiring the organization of systems.of public education, and
often detining speclal featuges. .
(b) State leginlatures, These, nleeting usually annuaily or bieuninlly, pnss
laws fixing, often fu great detall, foris of edueationnl adwninistra-
4 tion, providing for support and the like.

(e) State board.and State superintendent. Nearly all States have provi-
“sions for n State machinery of educational administration, the scope
and authority of which vary greatly. In general. this adininis-
tration I8.confined to element:iry and secondary eduentlon.  In many
cases the State superintendent is elected by genern) ruffrage, and
Lis functions are mainly supervisory sud advisory. In other cases
be fs an edueational expert, appointed by o State board. and with
considerable anthority for Imposing standards and adminlstering
types of education. State boards also vary widely in funetions,

(28

Some have authority to select a varlety of educational experts, to

direct the expenditure of fuuds, nnd to contro) certain types of edu-
cation. Others have functfons Hmlted to custody of Ntate school
funds and the certitication of teachers.

(d) State educational institutions, The State forms the nrea for the ad-

’ niinistration of a varlety of educational institutions. 1. T'nivers!-
ties and colleges. Most Western and Southern States support and
control universfties; and ull have an agricultural college, partly
supported by national grants, Frequently these are directed by
apeclal boards appointed Ly the State executive, 2, Normal schools
are found In all but twa States. governed elther by n State bhoard or
by locul bourds ‘appolnted for this purpose by the executive or by
a combinntion of both at”orltles. 3. Schogls for delinquents, de-
Yectives, and dependents. "Almost everywhere most of these are
Btate Institutions: but sometimes the State supports and leaves
control to & religlous or philanthrople body. 4. Specinl schooly, espe-
clally for agriculturnl, forestry, or technical fralning, malntained ns
State _ln'stltutlons, are found In a few States. 5. In sSome States
a library commission is maintalned as purt of the State educational
machinery.

(e) Tenchers' institutes. Sinte lihraries for teachers and extension work
are In somne cases organized :nd supported by State nuthoritles,

. but more’conmonly by smaller sireas than the State.

{f) In a_few States, State nuthorlties certificate teachers, inspect schoois
(especlally secondary schools), select textbooks, approve plans for
bulldlngs, examine pupils (especially for admission to secondary
school or college), and provide or suggest courses of study. Such
functtons are found in relativeiy few States, but there is a growlng
tendency in this directlon.
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II1. Local areus of administration of education. These vary in size and politi-
cal importance in the varlous States. Five types are commonly found:

(a) The county, the largest subdivision of the State, under the law exer-
cises little or no educational tunction in New Eugland, much in
most Soythern Stutes, and n varying amount in North Central and
Western States. Is of cousiderable tmportance as an authority for
Inspectjon (commonly miscalled supervigion), auditing of educational
accounts, certification, after training of teachers, and of taxatlon.
l.ess frequently it Is the administrative nnit for secondary agrl-
cuitural eduention; occasionnily for general secondary cducation.

(b) The town or township. Usually embraces several schools and I8 fre-
quently the area of local pdministration nd taxution in all that

- + pertaing directly to secotdary and elementary schools,

(¢) The district, Originally the aren from which one school drew ita
puplls.  In early stages of the evolution of educational andministra-
tion it bhad fmportant tunctlons, apart from the direct management
of schools. These functions are gradually being transferred to
lurger.arens. They are the consolidution of districts, and the trahs-
portation of pupils. In muny Stites lnrge central schools are bLelng
formed.

(d) The city. Municipal areax give rire to districts with speclal char-
acteristios,  The city frequently combines the administrative func-
tious exereised by county. town, and distriet, and in some cases the
Stite even relazes its supervision in the eaxe of city districts.
Within the cities of the United States eduentionnl adminigtration
tends to heconie contralized, lny bhoards pecoming smnller, the
authority of educutionnl experts grenter. .

(e) In n few States special administrative ways exist. in Massachusetts
a unfon of towns forms i supervisory district; in New York the
gehioul connuigsioner distrlet differs from the county: In Virginia
the State ix divided into a few Ilnrge avens for certaln kinds of
sllper\'ision.

TYIES OF PUBLIC SCTIOOLS.

I. The kindergarten, nsuaily admitting puplls from 3 to 0 vears of age, and
geldom holding them beyond G Fowkd majuly {h cities, and MO8t commonly
provided in poorer gections.  In 1907-8 all cities having'8,000 or more popula-

X tion reported their kindergartens as containing—157,000 pupils, Nowhere 8
kindergarten training prerequisite to entrance to the elementary school.

11. The elementary school. This term I8 now commonly applied to the types
of schools forwerly designated us primary, Intermediate, and grumioar or
grammar grades. TThe course is nearly nlways 8 years In length, very rarely 1,
oceasfonally § or 10, The completion” of the clementary course I8 necexsary
for entraice to the high schools, nnd the elementary sqhool rarely provides

) work paralleling that of the secondary school, this providing the marked con-
trast to-European practice. In a few cases It Is attempted to teach secondary
subjects, such ns foreign language and mathemattes, in the upper grades of
the elementary school. Under present conditions the standard maintalned
by the elementary school is such that seldom more than hailf of all children

~are able to fintsh it hy the close of the compulsory school period—14 years
of age. In 1907-8 some 16,100,000 children were reported In the elementary
schoois.
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1

II1. Becondary schools under public support are commonly ¢niled high schools,
Of these there are four or more distinguishable types: (@) General high
schools, sometimes subdivided as classical, lterary, sclentific, etc., whose alm Is
primarily cultural, and whose curricula are malnly composed of languages.
reathematics, sclence, and hlstory. (b) Commercial high schools, sometinies
within general high schools. These vary largely in character, some having
short courses, other substantial four-year programs, whose controlling atw is
breparation for commercin] vocations, {¢) Techutcal high schools, variously
called manual training, mechanie arts, and potytechnic high schools, which uhm
to Include with parts of n general course a conslderable training in the technicul
fubjects which attach to the industrinl arts or household arts, (d) Agricul
tural high schools, These vary largely in curricula, some being ordinary high
schools with attempta at agricnltnral trotnlng, others centering mainly around
studles of agriculture.

In 1907-8 there were in the public high schoolg of the United States THO000
students, or about 0.92 per cent of the total popmlation: of these nearly G0 per
cent were girls. Very few of these students were nnder 14 yenrs ot age. and
also few were over 10. As contransted with Earopean secondn®y schools, the
most significant fact Is the Inte age nt which pupts may take up secondnry
fichonl work, It being obliguatory to complete the elementary course first.  Ahogr
one-half the puplis enterlug high school do not stay more than two yeyrs, or
beyond the nge of 16. Of the above nnmber of students, 0000 were reported
In commerctal departments, No separate statisties are avatluble of atfendance
In public techniea! secondary sehools, but fu 1907-8 tiiere were I the pribite
and private schools of this type 58,000 students, .

IV, Normal schools, deslgned primarily for the rrafniug of tenchers for ole-
mentary schools, are fonnd i nll but four R'lnt«s, where courses at Kiate eol-
leges are provided. In 1007-8 there were 189 of these State normal schools,
with 64,000 students. Two types nre distingnishable: Phose recetving only
high-achool graduates, and usually havlng a course two vears fn length, and
those recelving pupils with little more than elementary school preparation, and
having courses from three to five (usually four) years in length,  Somethnes
both kinds of courses are found In the same school. The States better supplied
with secondary schools now usually require high-school graduation for ad-
misslon. .

Many ot the larger citles of the United States also malntain city traoining
8chools which receive high-schoo} graduates and give them a one or two years’
course in preparatlon for work In the elementary schools of the respective
cltles, . )

A number of normal schools, in addition to thelr two-year courses for high-
school graduntes, also maintaln four-year courses for exceptionnl students, and
glve degrees. At least one (Albany Normal College, New York) alins primarily
to prepare teachers for secondary schools. But a large und Increasing majority
of the teachers In secondary schools must be graduates of the regular colleges
and universities,

Normal schools are frequently resorted to by young people whore primary
alm 18 a liberal education, rather than a preparatlon for teaching.

V. Colleges and universitles. Satisfactory statistics of publlc as distlu-
guished from private colleges' and unlversitles do pot exlst. In 18078, of the
573 universities, colleges, and technologleal school<l;nvlng 160,000 students, it
was reported. that 89 having over 60.000 students ere public—that 18, were
supported malnly at publlc expense aml were governed by public bodles; 62
of these were State universities or colleges of agriculture. The attendance
at these Institutions uverages. much higher than at private schools, Usually

o
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their admission requirements coincide with the requirements for graduation
from local secondary schools, thus forming part in a continuous chain of public
education, .

Afiillated with, or integrated with, many of the public universities are pro-
fesstonal colleges for medlcine, law, pharmacy, and the like. Within recent
yeurs there are also appearing special colleges as parts of the universities for
the tralning of teuchers, gspeclally those for gecondary ‘ schools, and those pre-
paring for ndministrative work. .

V1. Speclal schools. These exist to meet speclal class or social needs, and
have thelr standards governed by the conditions to which they must adapt
{hemsel ves. : °

(a) Under the Natlonal Government are two schopls primarily to train
officers for the Army and Navy. These are of colleglate or techno-
logical rank, and receive atudents of selected qualities. In addition,
the Govérnment malntalus extenslon: \ate study for officers
in service and n number of schools for the training of cadets or newly
enlisted men for the Navy. ’ a

(b) Indian education ls also under the directiof of the National Govern-
ment.  Schools are mauintained In Alaska, on the reservations in the
United States. und In a number of cases off the rescrvations, for
ppils ospeclnlly'uf a more advanced type. 'The work In these schools
is usually elementary in eharacter, with Increasing attention to prac-
tical or vocutional aspects. In a few schools (Ilmmptou, Haskell)
xpecial attention Is given to the training of teachers, and especlally
for the trunsmission of the bousehold urts and sultable vocations
for men.

(¢) Originally, in:most of the States, philanthropy supported the education
of xome defectlves, dependents, aud delinquentx, Then the States ‘
subsidized these lnstitutions and later in many cases either took
them over or supplanted them with public schools of day or insti-
tuttonal type. Sowme are under the State administrative machinery,
otbers under local control and support, but these distinctions are
unlmportant. Each type of school works out courses of instruction
aud methods adapted to its needs. The work Is Increasingly voca-
tional in character. In 17-8 there were 40 State schools for the
blind, wl;h 4,340 puplls; 122 schools for the deaf (55 State, 51 pub-
lic day schools, and 16 private), with 10,042 students ln the State
sehools : aud 25 State institutions of school character for the feeble-

N minded, with 17,225 inmates. In the snme year 92 reform schools

reported 36,000 puplis, nearly all from 12 to 18 years of age. The

care of depeudents |s mostly under private auspices. and no satle-
fuctory statlstics are extant of the number of schools,

(d) Several States have established special forms of industrial schools,
sowmetimes of secondary grade, sometimes Intermediate between Bsec-
ondary school and coliege. There are no avaliable statistics of these.

7 As a rule their curricula approximate in character the technical
secondary schools, with specially intensive developments along the
lines of agriculture, industrial arts, and household arts.

(€) Continuation schools, evening achools. These are extensively devel-

. oped in the larger citles of the United States, In 1905-6, 23 cities
reported 314,000 children enrolled and 128,000 in average daily at-
tendance. No satisfactory classification exists show{ng humber who
are taking technical work, high-school work, studies of an ele-
mentary nature, gr special work in English for foreigners, All these .
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12 MATHEMATICS IN THE ELEMENTARY SCHOOLS,

types are reprerented. It is generally known that special classes
for the teaching of anllsh to foreigners are largely on the |ucreabe
and that technical clnsses ure heing steadily developed. But’ it is
rare to find consistent programs running through a series of years—
the work is fragmentary.

A form of educational work growing out of the univetsities I8 that called
university extenslon. By meuns of lectures and extension ('lusu*s it seeks to
disseminate and popularize higher education.

" NONPUBLIC AGENCIES OF EDUCATION.

I. Religious organizations. A very large part of private education in the
United States from the lowest to the highest grade is'earried on by rellgions
organizutions. With very few exceptions (In the cuge of schools for dependents,
delinquents, and defectives) these schools recetve no publle aid; nand those not
receh'lu‘g public aid are only rarely under public supervision, and that of the
most perfunctory character. No system of certitication prevails with regard -
to teachers in these schools; und they develop thelr own standurds according
to their own needs. Except for colteges aud some forms of secondary educi-
tion, it i8 not possible to procure statlsties.  In generad it Is true that the
competition of the public schools tends to cause these private instl{utions to en-
deavor not to fall too far hehind in the quality of their teaching, In these
schools, especially tiose under the 1tomau Catholic Chureh, many of the tenchers
give their services ay part of their rellgions duty, and where teachers work for
pay, that is very low, Ax a rulg, these schools are ng experimental, but aim
deliberately to parallel and it fxmslblc to fitl the pluce’of the public schools for
certain classes of children.

IL. Philanthropic organizations, “These not lufrequently grow ont of church
fnAuences, but also quite commonly buve no direct religions connection, Qn
the whole they tend to develop types of educatiop with which the system of
public schools does not at present conctrn itsetf. [These led the way in estab-
lishing higher education, in endenvoring to edugate the defective, the dellu-
quent, and the neglected; in estublishing voeationlil education; and in develop-
ing the wider adaptations of education in vacaton school, playground vocn-
tlon bureaus, and so on. Consequently the schools under direction of nonre-
ligious phiianthropic agencies ‘tend to be experimental, and their standards
change, and the results of thelr work do not Iend themselves to statistical trent-

. ment,

IT1. Commercial ventures, Some forms of education in the United States
represent efforts for private profit. The types of school resulting vary largely
in character and. quality. Private secondary cduentlon usunlly cuters to the
wealthier classes of. the community, especially in prov iding schools that coui-
bine residence and Instruction. These schools have not State supervision, but
tend, by virtue of thelr clientage, to be of excellent quality, Many of them
have as their controlling function the fitting of students for coliege. Another
type is that fitting for certain portions of commercial practice. These vary
enormously, some being of excellent quality, others giving short courses and
relying largely on advertlsing to win students, Of similar quality ure n num-
ber af private normal schools, which aim to prepare students for teachers’ ex-

' aminations. Correspondence schools. are private ventures, sometimes givinug

good work under adverse condltions, sometimes preying upon the credulity of
young workingmen. A few private sachools for industrial arte (trade 8chools)
exist, but play a small part In vocational education.
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The Irge majority of colleges and universities are private,,and frequently
originated under the nuspices of gome retigions organization: but these are
temding uway from any form of religious control, and fall into the group de-
seripad above ar philanthropic, since only a small part of their actual expenses
are usually derived from the fees of gftudents. .

Over private educational agencies of all rorts there s almost no State con-
trol, except i the ease of those thnt deal with dellnquent or afllicted children.
Frie to the prevalent individuntism of Amerlen, it is nssumed by the State that
the demnnds of thosge who patronize the private schools and the competition of
those utider public management s aufiiclent to insure the qui\llty of the work
of the former. In New York and Connect teut there are certaln beglonings of

. State snpervision, but they are not yet significant, except in the particular

respect that scholarship standirds in recondary edueatipn are wnde iargely
the same in New York State for hoth publle and private rehools by a system
of examinations eonducted hy publie authorities. But in such matters as cer-
tiicntion of fenchers, standards of atrendance, equipment. and methods of
tenehing there exists no farm of public control,

The om-vmlmfs are found in those lnstitutions which ecare for destitute, de-
foctive, and delingquent ehildren.and bere State superviston Is exgreised primarily
heeanse these institntlons receive considerable pubtie aid. "Those philanthropic
institutions that do not obiain public assigtance have little or no public 1n-
spection,

* TYPES OF NONPUBLIC SCHOOLS,

These nsunlly parallel the types of public sehoal given ahove, except as re-
gards special features, like the honreding lifo of the private secondary school,
the short conrses of the husiness schoul, and the religions eduention found in
the sehools under religious organizations. .

I Kindergartens,  Ahmost alwiays phtlanthropic and frequently contributing
some teaiuing of teachers, . :

11, Parochinl elomentary  schools,  These are mainly developed uuder the
Loutheran and Raman Catholie Churcehes, and usually parallel the publie schools.
In the Catholie sehools the supervision is under the purish priest, and the
teachers are often members of orders,

111, Private elementary schools matotained for profit are few and have rmall
Intluence,

IV, Prhvate husiness scehools are conducted chiefly for profit.  Over 150,000
students nm-mﬂwl <uell sehools fu 1906-7.  Admisslon requirements and guality
of work ary enornously and generally tend to he strictly practleal, 1’e.,.pro-
duce tn a short time the maximum of vocational efficiency.

V.o Private trade sehools, These are not numerous and vary greatiy In
clineneter. A few are maintalned by industries to nsgigt apprentices, in which
ense the work s usually technleal, to wuppleent ghop work. [n other cases
sehools maintained for profit glve short and tntensive training in certain trades
(commonly woolworking, plumbln;:.'nm(-hino-shup work, iand so an). Several
schools endowed by philanthropy give long courfes of trade training,

V1. Correspondence schools,  These probubly have over n hundred thousand
students In the United States (no exact fignres available) to whom they teach
mathemntics, drawing, appiled selence. especlully mechanles, and 1n less degree
a few other subjects,  Standards are variable; much of the work plays upen
credulity, but nnder favornble conditions the more self-reliunt students galn
‘much. They exlst malnly for profit.

|-
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VII. Parochial secondary education. This 18 yet little developed. Secondary
education for religious bodies is accomplished malnly In academies and pre-
paratory departments of denominational colleges. )

VIIL Private secondary schools. These are numerous and strong. They
i1l two chief functions. sometimes not closely related. They serve as boarding
schools at the adolescent period when many parents believe that boarding-school
life is very valuable for their children; and they serve to prepare pupils directly
for college. They grow but slowly, but have a fairly constant nttendance of
over 150,000' pupils. Many of them have enidowed foundations.

IX. Colleges and universities. Thesee seldom exist for.profit, usvally owing
thelr foundation to religious or philanthropic zeal. In recent years religious
control hns greatly relaxed. so that it was ensily possible for many of them
to change some nominal restrictions in their organization and come under the
deflnitions imposed by the Carnegle Foundation for the Advancement of
Teaching.

In 1007-8 there were reported to the Commissioner of Education 484 private
unlversitles, colleges, and schools of techuology, with enrollment of over 98,000
students, White a secondary education i8 assumed as prerequisite for admis--
slon, it i8 known that standards vary widely among these private institutions
of higher learuning.

Professional schools, often parts of universities but also In many cases
independent. ure. apart from those devoted to engineering pursuits, of six
kinds—theologieal (9,500 students), law (18,000 studeunts), medical (22.000
students), dental (6,500 students), pharmaceutlcat (5,500 students), and veter-
inary (2.200 studeats), .

X. Specinl schools. A varlety of specinl schools not Included above exlst
under private: leadershlp. The eduneation negroef, of immigrants, and of
defectiver has produced schools adapted to meet particular ends. Frequently
these serve soclety as experimental statlons, pointing the way to subsequent
State action. Their character and purposes are too varied to admit of statis-
tical treatment.
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COMMITTEE NO.I GENERAL ELEMENTARY SCHOOLS..

The special field of investigation assigned to this committee was
the teaching of mathematies in both public and private schools of

" the rank known as clementary schools. It was desired that while the

investigation should cover whatever ground seemed pertinent, it
should especially consider the following topies: ) '

(@) The aim and organization of the schools and the general re-
lation of each type of school to the others; (b) the mathematical
curriculum in other schools; (¢) the question of examinations from
the point of view of the schools: () the methods employed in teach-
ing in the schools; (¢) the preparation of tenchers for the schools,
It was desired that the report should particularly set forth the pres-
ent conditions and tendencies. An attempt has been made to carry
out the spirit of these directions. The report is organized with ref-
erence to these five points,

L THE AIM AND ORGANIZATION OF THE ELEMENTARY SCHOOLS.
DEFINITION AND AIM OF ELEMENTARY EDUCATION.

Elementary education is that training which by common custom

“is deemed desirable and mecessary for the duties and privileges of

citizenship. It is usually made compulsory by law. Like all such
definitions, the meaning of this statement hecomes clear only
through an examination of its interpretation as given in the cusric-
ula of the various school systems or in somewhat *more specific state-
nients of its content by various individuals. The elementary school
strives to give the pupil control over the tools for the acquisition of
knowledge, to develop interests ang desires for further acquisition

.of knowledge, to excite & large number of curiosities, to stimulate

thinking, to form the habit of collecting facts with which to think,
and to aid the pupil in the formation of right habits of conduct,
Prof. Thorndike has said:

The specld] proximate aims of the first alx years of school life are commonly
taken to be to give physical training and protection against disease; knowl-
edge of the simple facts of nature and bwinan life; the abillity to gain knowl-
edge and pleasure through reading. and to express ldeas and feelings through
spoken and written language, muslc, and other arts; interest in the concrete
Iife of the world; bablts of Intelligent curiosity: purpose in thinking, modesty,.
obediepce, honesty, helpfulness, affection, courage, and justice, and the ldeals
proper to child life.
1442°—11—2 _ : 15
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Prof. Hanus has said ; @
R )

Elementary, or presecondary school edueatfon, shoutd provide the muost
rmalutary physlenl enviromment for the pupil, and premote his normgyl physienl
development through approprinte trnlning. It =hould open the mind of the
chlld und let the world b, It should stimualate and ke UEy coriosity In évery
fleld of worthy bunnn activity, and utilize thls viriosity for the aeguisition
of knowledge und the development of Incipient permanent interests in i)
power over this knowladge. 1t shonld sequatiit the pupil with his duties
his privieges ax u temporavily dependent member of socfety, mud promote the
development, of hublts of thonght sind condnet in harmony with Lis growing in
sight. o

ELEMENTARY SCHOOLS.

Different Toealities have interpreted this delinition as secins proper
o them, and in aceord with the interpretation they lave organized
their elementary schools,  In the Eastern States these schools often
include the first nine school vears or grades; in the South. usually
veven years; in the North and West usually cight vears.  There is a
movement urged by some of the best educators to have the elementary
grades cover the first xix school vears, from the age of G o the age of
12, letting the secondary school cover the next six school vears.
The school year consists of approximately 150 <chopl davs per vear
Tn 1890 the average in cities of fraw £000 (o S.000 population was
L 1809 days, and for the whole country 151 davs, The ~chool day is
approximatalv five hours in length, and the school is in session from
Monday to Friday, inclusive,

II. THE CURRICULUM IN MATHEMATICS IN THE ELEMENTARY '
SCHOOLS.

CURRICULUM IN GENERAL.

The term ““arithmetic ™ is ased to denote the mathematical element \
of the curriculum in American clementary schools.  Arithmetic is
taught in all of the schools. Tt may safely be said that the public
at large consider it one of the most impor*nt subjeets of the curricu-
lum, and circumstances have given it in the past an unusunlly promi-
nent place in the extimation of teachers.  Mathemniics was formerly.

and is to-day. an excellent test. of the general alertness and * bright- .
ness™ of the pupils.  As a result the “bright ™ pupils, who later
become the: teachers, continued to give emphasis to the subject. ‘
Furthermore, the organization of the rural school with its one teacher
in charge of many classes necessitated much seat work, and since g

assignments in mathematics could rgdily be made and could be cor-
~rected very easily, while to have * ciphered through the book ™ was »
mark of distinction, and since pupils who had any ambition to attain
this distinction could thus he kept “in order® for long period-.
mathematics came to form a major part of the curriculum in the rural
school, and it has maintgined its position to an extent up to the
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present. There is a disposition in_ school cireles 1o deny that. the
importance of mathematical traimng is such as to warrant the place
it has occupied and still holds.

A study of the time devoted to various subjects in the grades in
50 of the leading cities showed that about. 1526 per cent of alt-of the
school time was devoted to arithmetie.  The same study indieated
vertnin other facts bearing upon the place of mathematies in the
corriculnm. Tt showed that arithmetic as a formal study s being
dropped out of the first and second grades and that in the upper
grades arithmetic i being supplemented by algebra and geometry,
Out of these H0 large school svstems 19 only have algebra as such in
the seventh or eighth grades and only 3 give any time or attention to
geometry other than the work in mensuration.  Recommendations
have appeared from time to time during the past 15 years that the
arithmetic course be curtailed and enriched—curtailed by omitting
the study in the early grades and by omitting cevtaintopies; enviched
by introducing geometry, algehra, and other interesting topies in the
upper grades. The statistics quoted above indiente that only 38 per
cent of the H0 Targest cities have followed out the recommendation.
Thix same condition was found by another éntirely independent
investigation. except that even a smaller proportion of the schools
were giving attention to algebra. Ro. in general. mathematies in
American sehools means parvtientarly  avithmetic with a “certain

- ‘ .
Cumount of mensuration,

CONDUCT OF THE MATHEMATICS COURSE.

The teachers follow rather closely the texthook which has been pro-
vided for the schools,  Whether following the text or independent
of it. they are guided as to the extent of cach yvear’s work by an
outline or conrse of study.  The.course of study is wsually made ont
by the superintendent of schools of the eity : in larger cities the super-
intendent delegates this work either to assistants or to a committee
of principals or of principals and teathers, while occasionally the
head of the department of mathematies in the high school is called
upon to a=sist.  The supervising officers of the schools are o= a rule
expert. experienced men and women. who have »risen to the top ™
heenuse of their ability, and they .In'ing_r to their work on the courses
of study the product of their vears of expericuee.  While this is true,
it is natural to inquire whether it is common to have in large systems
wn expert supervisor of mathematics, analogous to the supervisors
of music and art,  An investigation has ~shown that it is exceedingly
rara for cities to employ such a supervisor of mathematics, althongh
in some cases the work is delegated to an assistant superintendent.
'The same condition obtains in the case of geography. history, and
other subjects. At the same time mathematjcs undoubtedly is a sub-

. o
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ject which calls for expert knowledge which is less commonly part
of the equipment of all teachers; and, furthermore, it is a subjeet
the teaching of which there 1= to-day an unusual amount of change
and uncertainty. It must e said that there are in all systems of
schools a growing number of teachers who have made a <pecial study
of the teaching of mathematios in =chools of education. The com-
mittee feels that expert supervision of arithmetic in the public schools
should be more commaon.
COURSE OF STUDY.

The coitrse of ~twdysin its =ioplest form consists merely of diree.
tionxs o= to the page limits within the texts thos marking the assigu-
ment for each vear. Tt varvies from this to o nel move detaled
outhine in communities where there is dissatisfaction with the general

Avpe of text. Tu these latter places there is given an outline by graides

of the topies to be coverad. together with teaching helps. references,
and suggestigns for Problem material,  In such cases it is generatly
anderstood: that* the outline rather than the text is (o he followed.
The wisdomeof thi- plan depends vpon the amount and charp terrof
the supervision. and gpon the ability of the teaching faree,

CONTENT OF THE CURRICULUM IN MATHEMATICS,

The following summury indicates the gencral content of the conrses
by grades: ‘

Grade 1—Mare or les< incidental number work or nimber work
correlated with manual training or with some other definite <ubjeet.
Variations: From no number work at all to very formal work on
addition, subtraction, and the multiplication tables.

Grade 2.
facts emphasized and in many places the multiplication table begun.
Variations: In o few s¢hoals there is no number work; in some, at
the other extreme, division is tanght.

Number work correlated with other subjects. Addition

Grade 3.—The processes of addition and subtraction masterad to-

gether with some work ou the multiplicgtion tables, the tables often
heing completed. Variations: A few schools give no wark at all,
while some give considerable work in fractions, Y

(frade  f—Multiplieation and  division mastered.  Varintions:

- Fractions are taken up in many schools.

Grade 5.—Fractions mastered, some decimals introduced, denomi-
nate numbers employed.

Grade 6.—Decimals as related to common fractions, with much
problemn work. In some schools simple interest and percentage are
begun. : . g

\

¢ rade 7 —Percentage and some &f its applications.
Grade 8—Business applications of percentage. . Mensuration of

" solids. Variations: No*arithmetic at all in the -whole or the latter
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lnlf of the grade; the time devoted to algebra: algebra combined
with arithmetic. B

,This general information above set forth is here represented in
graphic form.  In this form an opportunity is given to see when the
study of certain topics is commenced, where the bulk of it is done,
and where it is completed.  This graphic presentation of thie facts
i~ based upon an investigntion made of the courses of Study in 28 -
typical cities Aside from the subjects tanght in all of the schools,
it s interesting to note that compound interest 1< tanght in 64 per
cent of the schools, partial payments in 60 per cent, exchange in 43
per cent, partnership in 57 per cent! stocks and bond< in 71 per cent,

“ compound proportion i 43 per cent, cube root in 28 per cent, the
metric svstem in 36 per cent. algebra in 36 per cent. constructional
geometry in 28 per cent, and graphical work in 7 per cent.

While it i~ understood that the number of school conrses carefully’
examined was very small, these results indieate certain facts. First,
certain subjects, namely, certain of those mentioned in the preceding
paragraph, are slowly being dropped from the conrse, or else, in the
case of the last four, are very <Jowly entering the conrse: second. in
view of-the faet that the conrses examined were from larger cities,
o that these resnlts represent comditions above the average, it is
evident that sueh subjects as cube root, partnership, exchange, com-
pomnd proportion. and partial payments, are pot being dropped as
capidly as they Jhonld be, while the other topies are not being intro-
dneed as tapidly as some diseissions might lead n= to think they ave,

o n-;_runllc.\s of whether they shonld he or not,

Grinde.

Fia. 1.—Grades In which common fractions are given; taught in all schools; most °
commonly emphasized in grade 5.
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Grade,
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Fle, 5.—Compound interest; taught fn cighteen out of twenty.clght schools, or G4.2
; per cent of thew; most comwonly emplasized 1o grude S,
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) Grade,
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Fid. 6.—Commission ; taught tn most schools: most cemmonly emphasized in grade 7.
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Fig, T.—Commercial dlscount; taught fn most schools; most commonly emphasized in
grade 7 or 8.
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F
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T1o. 8.—Bank discount ; taught in most schools ; most commonly emphasized in 'grnde 8.

Grade,
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Fia, 9.—Partial payments; taught In 60.7 per cent of the twenty-elght schools; most
commonly etphasized in grade 8.
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Yo 2
... Grade. 9 o4
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Fia, 10.—Exehonge; tanght In 42.8 per eent of the twentyelght wchoola; ‘most com. |
monly ewmphuslized in grade S, |
Grade,
4 5 a 7 8
T
R —————
o

|
|

Fiq. 11.—Partnership; taught in 67.1 per cent of the twenty-eight schools; most com-
monly emphaslzed i grade R
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Grade.
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grade 8,

Fia. 13.—Bimple proportion; taught i most schools; most comwonly emphasized 1o
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F1a. 14.-—~Compound proportion: taought i 428 peroeent of the twenty-elght scehools
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Grade.
4 5 a T 8
! b A

P16, 10.—Mensuration of plane figures; taught fn all schools ; belng spread out over

the grades.
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ght in most schools; most commonly emphasized

¥ig. 17.—Mecnsuration of solids; tau
v {n grade 8.
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.
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Fia. 18- Sgunre roat 0 taught In moast seltoeds usnally in grade R,
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F16. 10.—Cube root; taught In 28.5 per cent of the Iwenty-clght schools; wiually I -
: grade 8,
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Fia. 20.—Factoring ; taught tn most rehools ; most commonly emphasized In grade 6 or 6.
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u1.—Moetric system; taught in 357 per cent of the twenty-elght scbools; usually

in grade 8.
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¥i0, 28.—HIighest common divigor; taught in wost ‘ncbools; usually in ‘grade 5 or 6.
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. Fio. 24.—Algebra; taught in 53.7 per cent of the twenty-eight schools; usually in
: i gihde 8.
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F10." 25. Constructlona)l geometry: taught In 28.5 per cent of the twenty-cight schools;
usually in grade 7 or 8. o
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Grade
¢ 3 [ 1 ]

Fio. '.'6,—(}rn‘phlcnl work : taught tn 7 per cent of the twenty-elght schools
TENDENCIES AS TO CONTENT OF COURSES.

Before considering the tendencies in the matter of the content of
the curriculum, it would be helpful to consider carefully certain in-
fluences affecting the whole coutrse of study in the elementary school.
In order to economize space, however, a mere statement of these in-
fluences will be made. There is, among school men, and in the pub-
lic to-day, an unwillingness to accept tlie doctrine of formal dis-
cipline as it was formerly stated, so that it is no longer possible to
justify the retention of any topic or subject by claiming for it merely
great disciplinary valune: there is growing belief in the doctrine of
interest as essential to will trainingisso that the possible attitude
of the pupil toward a subject is taken ‘into account more than for-
merly; there is greater and greater insistence upon the fact that
the elementary school has as its function that defined briefly above,
rather than, for example, preparation for the high school. All
these influences would bear considerable discussion,' for their effect
upon the mathematics curriculum is very marked. For example,
there is great pressure to simplify the course. This is xing done
by using smalledhumbers in the work in arithinetic; by eliminating
topics that are unduly confusing; by giving carefully graded sinvnle
problems; and by cutting down the extent.and increasing the em-
phasis on the part that remains. There is also great pressure to
modernize the course. This is being done by omitting obsolete
problem material, topics, and processes, and by substituting therefor
modern problem material. There is pressure to make the subject
possess informational value as wel as disciplinary value. This is
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" being done by a change in the problem material, such as introducing
problems about our national resources and problems of local interest.

DISTRIBUTION OF THE MATERIAL THROUGH THE QGRADES,

There are two genernl modes of organizing the whole course of
study which have received mueh support. . One is known as the
topical plan, according to which ench topic is treated once within
the course of the eight grades, after which it is to be retained by
theepupils.  The other plan is known us the spiral plan, according
to which each topic is touched ypon repeatedly and more or less
frequently throughout the course, so as to provide the necessary
reviews. _In its extreme form this plan may become highly confus-
ing to teacher and class and may lead to a lack of sufficient concen-
tration. The modern tendency seems to be to recognize and take
adTantage of the good in both plans; to adopt the spirit of the
topical plan, to the extent that at. various stages of the course certain
mathematical ideas are stressed and certain number facts learned;
and to adopt the spirit of the spiral plan, to the extent that there
i~ frequent review of the essentials, so that the inevitable tendency
of the pupils to forget is counteracted.

< * TYPICAL COURBES OF S8TUDY.

Iurther discussion of the content of the course might be given.
As a matter of fact, there. is only one satisfactory way to get a good
iden of the content of uny course and that is to read the course itself,
This same remark might be made in regard to the subject which
will be discussed in the next chapter, the matter of method in-teach-
ing mathematics, the manner in which the schools seek to influence
method also being understood best by examining a course of study.
Some courses of study are given in Part VI of this report. .

' II. EXAMINATIONS FROM THE POINT OF VIEW OF THE SCHOOL.

KINDS 0F EXAMINATIONS CONSIDERED.

Although the .American commissioners have assigned the subject
of examiuations to another committee, it seems proper to mention it
Lriefly in this connection.

Fxaminations given in the school are of three kinds: (a) Those
given by the teachers themselves; (b) those given by the supervis-
ing officers of the schools; () those given by a school to determine
the qualifications of pupils proposing to enter the school.

The examinations given by the teacher are of two kinds; the ordi-
nary “ written recitations " and the stated examinations which may be

. required by school regulations. The first should not be called ex-
aminations in one sense of the word 7 they cover usually a short period
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of previous instruction, and they are given as u means of affording
the same sort of drill to all members of the class or as a means of
detecting weaknesses as a basis for further instruction. Such writ-
ten lessons are left entirely to the teacher, although it is advised
that they be given frequently. Such examinations are in every respec.
desirable when conducfed by the teacher with dme\kn*gnrd for the
general welfare of the pupils.

The teachers are sometimes required to give their pupils a written
examinstion wonthly, quarterly, or at some other stated tinies, and to
use the marks obtnined by the pupils for the purpose of determining

their fitness for promotion. These examinations are more formidable

m character; they cover a greater amount of previous instruction;
and’ they are designed to test the pupils' power. Because of their
consequences, such tests are feared by the pupils; in many cases they
are considered unfair, and the result upon the pupils is a nervous
strain.

The use of these two kinds of examinations is very general, and in
both types the teacher is usually permitted to make out the questions,
The practice of giving such examinations at the close of the year is
decreasing. These tests are clearly given as-an aid in determiniug
promotion of the pupils, and it is against this type of examination
that considerable criticism has been directed on account of its effect
upon the pupils. In these examinations, however, the teacher usu-
ally has the power to adjust the test to the capability of Ler class, and
in reading the papers she can allow for individual peculiarities.

The examinations given by the supervisory stafl are primarily
considered an administrative expedient. The questions are pre-
pared by the supgrintendent, or by a committee of principals works
ing under the direction of the superintendent, and they are then
used in all of the schools of the system. The teachers have only in
rare instances the right to add to or to change the questions before

submitting them to their classes. The teachers mark the papers and

then usually submit the results to their principals. These examina-
tions are given for the purpose of setting standards of work through-
out the systefn, ipterpreting the course of study, promoting uni-
formity, discovering weak points in the teaching, and revealing the

neral conditions in the school. In a'broad way they are designed
to benefit the pupils only indirectly, since the emphasis is placed
upon the administrative advantages. The results may be used occa-
sionally in determining a pupil’s fitness for promotion, although it
is seldom that €ailure in the examination alone would retard a pupil’s
progress. As an administrative device these examinations are effec-
tive. Their success depends upon the wisdom, the experience, and
the ideals of the supervising officers. As a rule the examinations
do not meet with*favor among the teachers, who feel that the test
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is not so much intended for their pupils as for themselves. From
what has been said it is apparent that this is true to a large extent
although this depends upon the supervising force. Many of the
teachers. recopnizing the advantages gined through the examina-
tions and having high professional ideals, do ot take this view.
however, and are willing to have their work compared with that of
their collengues.  The examinations are opposed also because of
their effect upon the pupils. It is contended that the pupils are
subjected to a severe nervous strain, so that they do not do either
themselves or their teachers credit.  This is poesibly true to am ex-
tent. although the evil results may be greatly lessened under wise
supervision.  Another objection made' to such examinations is that
they hamper the teachers in their work, so that there is little progress
from, year to yvear. This ngain-depends upon the character of the
supervision.  Another objection made to such examinations is that
fession works up to the supervising positions, and this element may
he counted upon to promote rather than to hinder real progress in
the schools, )
REASONS FOR OIVING EXAMINATIONS.

IExaminations have been ranked highly for reasons that vary ac-
cording to the school employing them.. Some feel that the valne
lies in the “mark ™ obtained by the pupil, this mark being some-
times counted as one-half of tle pupil’s standing und at other times
counting as only a small per cent toward his rank in class or his
readiness.for promotion. Others deem that the practice in organiz-
ing quickly, in thinking clearly, and in stating accurately is the
main value of examinations, a theory that tends to the use of
monthly or biweekly examinations. Other schools find the worth
of examinations to lie not in the benefit to the pupils (save indi-
rectly), but in the help gi\'gn to the teacher in the opportunities to
check objectively her subjective ranking of pupils and of class prog-
ress. In the latter case the examination papers may not be returned
to the pupils, the teacher noting the errors on which to work with
both class and individuals. The other prominent reason for giving
the examinations, the administrative advantages, has already been
discussed.

TENDENCY IN THE USE OF EXAMINATIONS.

The present tendency in the use of examinations is to rank them
as valuable but to let the value and the use of the papers be deter-
mined By the aim. When the pupils are to be benefited directly by
practice (1) in separating esentials from nonessentials, (2) in clari-
fying a viewpoint through the enforced expression of it, (3) in
learning to interpret the printed or written page independently, or

[ . . i
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(4) in being tested on memory or power, then tests should be fre-
quent, they should be carefully looked over by the teacher, and soon
thercafter they should be made the basis of further instruction.
Tests to further the first three of these ends are being given increas-
ingly. Those tests or examinations of which the purpose is to help
the teacher check her judgment of the pupils and test the portions of
subjett matter taught as to their relative value in giving the pupils
ideals of and practice in perseverance, honesty, independent thought
power, etc., need not be returned to the pupils. The teacher will
note in this case the errors and will attempt to classify them; for
example, as errors due to ignorance or to carelessness, those important
or relatively unimportant, and class or individual errors. Such
-examinations are a form», and a very desirable form, of recitation. -

STANDARDIZED TEBTS.

Another view of the question of examinations concerned itself with
“ standardized tests.” An investigation by questionnaire sent to a
large number of schools showed that these tests are little known or
used. These tests are discyssed especially in a book, Arithmetical
Abilities, by Dr. C. W. Stone, and published by Teachers College,
- . Columbia University, New York. This book discusses certain tests
given with extreme care in 26 school systems. The replies were care-
fully graded, the results examined, and deductions drawn. As a
result these same tests can be used as a standard in other systems,
giving an opportunity to compare results with those obtained in the
26 systems. Some schools and systems of schools have done this.

These tests may also be used to give a somewhat definite means
of comparing system’ with system and to show the effects of changes
in-curriculum or in method of instruction, and doubtless an acquaint-
ance with them would indicate other uses to which they could be put.

IV. METHOD OF IRSTRUCTION IN ARITHMETIC.

By method of instruction in arithmetic is meant the special means
of pregenting certain knowledge of arithmetic to children in a way
which is adapted to the immaturity of their minds. Such a method
of necessity involves consideration of the subject matter selected for

" the eourse, of the organization and distribution of the material, and
finally of the manner of bringing it before the pupils. The difficulty
of making any general statements which shall apply to the country-
at large is very great, for in a country with school conditions such as

.exigt in the United States there are and always must be wide varia-
tions in all three respects. Some comgmon characteristics may be
pointed out as being typical of the practice in the country; these may

. be inferred, first, from the content and organization of the textbooks,
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and, secondly, from the known practice in some of the larger or more
progressive school systems. There are some reform tendencies also
to which attention should be directed. 9

Certain influences affetting the work of all of the subjects of the
elementary school have produced, and are producing, changes in the
method of instruction in arithmetic. On the part of the schools them-

_selves there has been a growing regard for the ideals of psychology
and pedagogy, and an increasing effort to put these ideals into prac-
tice gs these have become more clearly defined. The ideal of appeal-
ing to the interests of the pupils, the maxim of allowing tbe pupils,
to learn through their own activity, the falsity of the doctrine of
formal discipline as formerly understood, the clearer understanding
of the processes of perception and of apperception with the resulting

- theory of developmental or inductive teaching—these and other ideals
have led to changes in the methods of instruction from within the
schools.” These changes have only started, however, and the present
must: be regarded as a transition period. On the other hand, there
have been other changes brought about as 'much if not more under
pressure from without the school. There has been a growing inde-
pendence on the part of the public in the matter of educational opin-
ion; the résult has been Jess acceptance as gospel of the statements of
the schoolmen, more questioning of the worth of each and all of the
subjects taught, and more insistent demand that the schools endeavor
to provide instruction which will harmonize with and prepare for the
conditions of madern life. There is on all hands growing sympathy
for children, as a result of which their burdens are being made lighter, ,
and, in particular, their period of school life is being looked upon
*not so much as a period of discipline in preparation for a further life
of unpleasant tasks, but rather as a portion of their life which they

“can and should be helped to enjoy.' In response to. this influence,
which has met with ready reception within the schools, there has come
a tendency to simplify the work as much as iagpossible.

Instructionn in arithmetic in the past has been dominated largely
by a logical ideal and & disciplinary aimj these influences can be
observed in the subject matter, in the organization of it in the text-
books and in the means employed in presenting it to the pupils. The
criterion observed in the selection of material for the course has'been
“ to what extent is this topic necessary to round out the development .
of arithmetic,as a mathematical topic”; topics were selected fre-
quently because.they had certain ‘mathematical interest rather than
because they met some actual need of the pupils in either their present
or later life. Long lists of abstract problems of unnecessary difficulty
and complexity were intPoduced regardless of the fact that they were
much more involved than any met in actual practice by most people.
The concrete problems usually followed the abstract, were equally
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" equipment of the pupils.
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difficult, and seldom were designed to appeal to the interest of the
pupils; up to within recent years the problems often involved
matters which are entirely obsolete. .This material was organized

K ‘topically; in the first chapter was given a treatment of notation and

numeration which was designed to meet the complete future needs
of the pupils, containing such numbers as billions, and beyond.
Then followed chapters which contained the treatment of the .four

~ fundamental operations for integers, and so on through the course.

Logically this arrangement was & natural one, but psychologically it
was open to criticism. In the presentation of the material the book
was again permeated by the logical ideal. Processes were either given
by a. rule followed by an illustrative example and exercises for the
pupils, or some abstract explanation of the rule was attempted. The
former method was the more common. This was a period of direct
instruction and of drill on the part of the teacher, with little effort to
provide any basis of experience for the pupils upon which they
might buiM their arithmetic.

These ideals of instruction have by no means entirely passed, but
in most of the textbooks in use now there is evidence of response to
the influences mentioned in a former paragraph. This is a time of
transition from the extreme of these views of the past to the more
rational methods of the present. In the meantime the schools have
passed through a period in which the quest after better methods has
led some to adopt certain well-known one-idea methods. As exam- -
Ples of these may be mentioned the Grube method, with its attempted

- complete study ¢f one number before passing on to the next, and the

ratio method, in which the complete development of arithmetic was

" made to yield to a special mathematical form.

Whereas in the past instruction in mathematics in the elementary
grades has been dominated by logical ideals and a disciplinary aim,
at the present the leading purpose is to make the instruction as useful
in content and as pedagogical in form as the conditions of school
work permit. In regard to itscontent, remark bas been made in a
previous paragraph of the tendency to simplify the course through
the omission of unduly complicated problems and of topics which
Aave mathematical rather than general interest; with these omissions

. has come a greater insistence upon the. essentials of arithmetic and

additional problems whose special function it is to give the pupils an

- insight into. certain” phiases of the life of their .own country; The
. mathematician may fear that this process of elimination will result
", in & lower, standard of mathematics; the fear is‘.groundles.sg)wever,

for the eflort to direct attention to a more complete. masteny- of the
fundamentals can not fail te raise the standard of mathematical
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Reference has been made also to the general organization of the
material of the coursg in a previous part of this report, so that only
a brief statement W‘lgbe necessary at this point. The modern texts
in most common us\ employ a combination of the older topical
method and of the extreme form of the spiral method. The text is
usually divided into sections which contain sufficient material for
one-half year or one year. Within these sections the material is
arrnnged topically; each section, however, reviews some or all of
the topics contained in the previous sections. In this manner oppor-
tunity for review is provided and a better gradation of the mate-
rial is made possible. )

The remainder of this section of the report will be devoted to a
brief statement of some of the special means employed. for bringing
the arithmetic before the pupils.

In all schools instruction is given to groups of pupils varying in
number from five in small communities to thirty or even more in
some of the larger communities; in cities the average is about 25.
As a rule the arithmetic class meets daily for from 20 to 30 minutes,
in a period called the class or recitation period; the pupils nsually
have another period of about the same length for study in school,
giving a total of from 200 to 300 minutes per week for arithmetic.
Custom in regard to home study varies; the tendency is tp cut down
on home study in arithmetic, except possibly in the upper
Each pupil possesses o book, which is more than a mere collecti
of problems; in faga this book provides for many classes about all
of the “ explanatio® or development that some of the pupils ever
receive. In most cases, however, new topics are taken up in class by
the teacher, who gives such development of the topic as seems satis-
factory to her, after which the main responsibility of the pupils con-
sists of the solution of similar problems in their study time. "In the
past it has been all too common for the class time to be occupied with
indiscriminate recitation on this work done by the pupils in their
study time; the present tendency is in the direction of use of this -
class period eitlier for instruction on new topics or for vigorous drill
npon past and present work under the direction of the teacher.
Another characteristic of the class period is the rather uniform prac-
tice of devoting from one-third to one-half of the time to mental
arithmetic, i. e., to computations without the aid of pencil and paper.
The function of this type of work is to produce skill in mental com-
putation, and, secondly, to maintain and increase efficiency in the por-
tions of the subject taught prewiously, by having the pupils solve
many simple probloms, .

In the actual presentation of new topics, custom varies from. the
unsatisfactory plan of direct instruction, of mere telling of the fact.
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or of the process.and of drﬁl upon it until the pupils know it, to the .
desirable form of preséntation in which some capable teacher con-
sciously and successfully develops the new idea inductively. One of
the obvious effects of the influence of psychology upon method is the
greater insistenge upon inductive or developmental teaching. Unfor-
tunately, the mass of tenclicrs have an entirely inadequate idea of the
underlying’ psychology and in fact of the essentials of this general
mode of Procedure in teaching a new topic. Most of the teachers are

" impressed with the need of teaching the simple before the complex, the,

. concrete before the abstract, the special before the general; but clear-
cut ideas of the philosophy of the practice and of the function of the
definite stages which are possible in inductive teaching are usually
lacking. This may be due to the fact that all of mathematics has
been looked upon as a deductive science and that no special effort has
been made to impress the jdea of inductive teaching; it is probably so
because little attention has been Fiven to the problem of method as
such. Progress in the direction of better understanding of the stages
of mental development hus been reflected in the more progressive
schools in efforts to provide a teaching method in_harmony with ‘this
knowledge.

The practice of using objective aids in presenting new topics is the
most common result of the efforts to regard the teachings of psychol-
ogy. The texts and the teachers endeavor to lay a foundation of ex-
perience for the pupils upon which they can build their mathematics,
and belief in the efficacy of objective work in accomplishing this is
quite general. The theory behind this belief is often the crude idea
- that objects help and that the younger children need this assistance
more than do the older ones, with the result that objective aids have
been used decreasingly from grade one to grade eight. The relation
of objective work to inductive teaching has not always been clear;
that the use of objects helps sometimes to present to the pupils clearly

individual cases of some general idea which is being taught, out of
which the pupils are to form the general idea by a process of general-
.ization—this fact is not as widely understood as would be desirable.
The recult has been a certain amount of waste in the use of objective
aids and consequent dissatisfaction with such work. There has been
a tendency to use’ objects too much in the lower grades, and, on
the other hand, there has been the fault of not using objects suffi-
ciently in the upper grades. While this may seem to represent an
inconsistent state of affairs, the explanation is easy; the objects have
been used to excess at times with young children and then, for the
reason mentioned above, when new topics have been undertaken in the
upper grades, this means of aiding the older pupils has been neg-
lected, with the result that the pupils have not always gotten clear
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ideas. The great desideratum at the present time is that objects
should be used more understandingly.

The material used in the schoolroom as objective aids is limited
and highly artificial, consisting of tiles, pegs, splints, toothpicks,
gquares of cardboard, etc. This material hag the special advantage
of Leing adapted to the conditions of schoolroom work; it is inex-
pensive, compact, easily handled and not too attractive. Besides
this material which can be handled, there is a growing use of geomet-
rical figures, especially of rectangles; these can be quickly drawn,
are easily changed and adapted to the conditions of particular prob-
lems, are divisible, in fact, lend themselves readily to the needs of
the situation. The use of rectangles in teaching fractions is especially
to be'mentioned. In the selection of objects, two quglities which are
particularly desirable, in fact, necessary in some cases, are not always

realized and when realized dre not always readily obtainable; these

are the elements of naturalness and variety. The element of natural-
ness is probably sufficiently appreciated; in the early grades, the
pupils themselves, the seats in the room, the material which is dis-
tributed in connecetion with the work of all the classes, the selection
and grouping of the pupils for their games, these are some of the
more natural sources of material for concrete expression of the num-
ber facts studied. Similar material for use in the upper grades is
not always so readily obtained; of course, in connection with denom-
inate numbers, the actual weights and measures are brought into the
schoolrooms in the progressive schools. As much as possible, the
problem material in all of thegrades is selected from the experience
of the pupils, and ‘the actual conditions of some of the topics are
reproduced in the schoolroom. For example, in teaching stocks and
bonds, the class may resolve itself into a broker’s office, one member
of the class ncting as the broker and the rest of the class acting as
buyers or sellers of stocks and bonds; agein, the class in a lower
grade may resolve itself into a store with similar distribution of
responsibilities among the members of the class; when discussing .
commercial paper and business forms, samples are brought into the
classroom so that the pupils may get the feeling that there is a real
connection between the work they are doing in the schoolroom and
that of adults who are engaged in the work of the world. An effort
is made to permit the pupils to handle the material themselves.

The other quality mentioned as desirable, namely, variety, is not
appreciated as much as it should be. The advantage in having 8
variety of objects as a means of arousing interest is usually clear,
but the mecessity of variety in presenting particular cases of a gen-
eral idea which is being developed inductively is not clearly under-
stood. For example, in presenting the idea of tens, bundles of splints
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. containing 10 splints are often used; the pupil soon learns to asso-
ciate the word ten with one of these bundles without really under-
standing that the bundle contains 10 splints. This difficulty is
obviated somewhat by using a variety of means of representing 10..
Other illustrations might be given to make the point that in objective
teaching care must be taken to prevent too immediate association of
the idea being taught with  any particular manner of reprmentmg

. that idea in a concrete way.

By way of summary of this section, devoted to the discussion of

- methods of teachmg arithmetic, it may he said that there has been '
great progress in establishing the principle that psychological rather
than logical ideals should permeate the teaching of arithmetic, and
that there has been some progress toward incorporating this prin-
ciple in the actual teaching practice, in the form of objective work

and inductive developments.

V. TRAINING AND QUALIFICATIONS Of TEACHERS.

SCOPE AND SOURCE OF MATERIAL

Y

Part V deals with the training and qualifications of teachers of
mathematics in the elementary schools. It is based in large part on
the report of subcommittee No. 3 of this general committee, whose
field of study was limited to the training of teachers for work in

~grades 1 to 6. The committee appointed to study the same problem
for grades 7 and 8 was unable to report up to the time when this
summary was first made. That report has since been added to

“part (b) of this general report. s

. : OENERAL TRAINTNG.

In an earlier paragraph the statement was made that ,n the i
country at large over 425,000 teachers were employed in 1906 and
that about 100,000 new teachers are employed annually. Furtler
statistics show that not more than 20;000 of these can receive peda-

gogical training annually as that is the limit of the capacity of
professional training schools of all sorts in this country. At best,
therefore, not more than one-fifth of the new teachers can have
received any professional training whatever.

Generally, even in the districts where educational advantages are
very meager, prospective teachers. must be high-school graduates.
Graduation from high school implies the completion of a course
equivalent in content to the following: Three years of English, four
of Latin, two and one-half of mathematics, two of science, tvo of
history, and two years of additional subjects. In addition iv this’
scholastic training the prospective teacher must attend a normal
training school within the limits mentioned. In some States a
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«  minimum length of time must be spent in such school. In most of
the cities, in which, a8 has been said, more than one-half of the popu-
lation is gathered, this normal training and even previous experience
is absolutely insisted upon. It might be said at this point that many
of the best teachers in the schools owe most of their training to the
hard 1 of experience, especially hard when that experience con-
sists rgice in one of the rural schools discussed in chapter, one.
It may also be said that the larger citiegseek recruits for their teach-
ing, staff very commonly from the graduates of this same school of
experience. ' ’

* y  TRAINING IN THE NORMAL SOHOOL.

The training in a normal school usually consists of general peda-
gogical theory, some special training in the methods of the different
subjects including mathematics, some academic study of the subjects,
such as algebra in mathematics, some observation of teachng, usually
in all subjects, and more or less practice teaching. E

From a study of the practice of the normal schools the following.
points.of variability seem. existent:

1. Method of teaching enters into “methods™ courses from the
extreme of being merely incidental to the other of occupying full

~ time and attention. ] )

9. Current literature on the teaching of mathematics is sometimes
used extensively and sometimes not used at all.

3. Similarly with consideration of games and recreational devices
in arithmetic; sometimes they are considered, and again not.

4. The course of study for the whole curriculum is sometimes not
studied and is sometimes carefufly analyzed. _

5. The history of thé development and. of thé teaching of mathe-
matigs is given similar varying emphasis.

RECOMMENDATIONS FOR A TEACHING OCOURSE.

1. A foundation in subject matter as a basis for the professional
study of mathematics should include a minimum of one-half year of
high-school arithmetic, one year of algebra, and one year of geometry.

2. Exclusi.c of all courses in psychology, pedagogy, principles of
teaching, general method, and history of education, a minimum of
one-half year of the professional study of arithmetic should be re-
quired to include the following: )

A. The teaching of elementary mathematics—* Special Method.”
(a) The special pedagogy of ‘arithmetic.

1. The more elementary phases of the psychology of num-

ber. '

2. Principles of general method applied to teaching arith-

metic, ' : ‘
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» 8. Educational values of arithmetic and the place of arith-
. metic in the general educational scheme.
. (&) The orgnmzatxon of the general elementary school cur-
o - riculum in arithmetic.
) (¢) Organization of typical units of sub]ect matter for pre-
sentation to appropriate grades.

(2) Development and writing of typical plans for teaching.

(¢) The utilization of local and general economic studies for
number applications. :

(f) Observation and discussion of typical lessons in the grades
showing concrete applications of the prnmp]eq devel-
oped.

~ (g) The place of games and other recreational devices in
grade number work.

B. The historical development of the teaching of arithmetic,
and the place and value of certain *“methods,” such as
those of Pestalozzi and Grube. '

3. That every school engaged in the preparation of teachers of
mathematics should develop a museum of materials, apparatus, books,

. pamphlets, papers, which will aid in interpreting such- features as
_ the historic development of the subject, the present-day practice, and
the nature of the textbooks.

4. That the head of department of mathematics should he lnrgel\
responsible for the organization of the course of study in mathematics
in the training school, in cooperation with the department of educa-
tion and the supervisor of the training schogl.

5. That the head of the department of mathematics should aid
in the supervision of the teaching of mnthematlcs in the training

- school. ’

6. That the head of the department of mathematics, as well as
the critic teacher, should give demonstration lessons in the training
school, illustrating the principles of teaching, developed in the
methods class. -

7. That the points of emphasis in all observations, discussions,
written plans, and criticisms should be upon the basis of fundamental
principles rather than upon devices or petty details.

V1. TYPICAL COURSES OF STUDY.

INTRODUCTION,

It is almost certain -that much that has been given in this report
-will be intelligible only if interpreted. Since the main interest will
probnblv center on the curriculum itself and upon the teaching
helps given to the teachers and recommended for their use, it seems

el
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worth while to include in this report two typical courses of study.
The first is the course of study recently issued for the guidance of the"
teacher of the rural schools of one of our States, but generally con-
sidered too difficult in the first two vears. The second course has
recently been prepared for the schools of one of our cities.

A STATE COURSE OF 8TUDY.!

8UGOESTIONS.

The work In arithmetic should, first of all. produce accuracy and rapldity
in computation. Accuracy can be assured only by bolding the pupil to exactly \
correct results from the beginning. Puplls should be beld to correct results
“and minde to detect and correct even the slightest error.

Rapidity of computation cnq' be secured only through much practice and drill.
Throughout the first three years of the work the entire time in the subject
should he given to securing this accurate and rapld work in the fundamental
olioratlons. )

While drill in the facts of number during the early grades should be largely
in the abstract. with few if any problems, it is suggested that some concrete
work In these combinations be given. Illustration: 6 dollars aund 4 dollars
ar¢ how many dollars?

FIR8T YEAB. ’
(FIRST HALF.) .

Count numbers to 100. Read numbers to 100. Write nunbers to 100.

)léxnorlm the 20 of the 45 combinations In addition, the sumn of which does
not exceed 9. ’

Give plenty of oral drill together with seat work and blackboard work like
the following: .

o«
«wW
-1
(=]

2 427 212323 1286
4 441 686234 732

W o

1
8

o
N
[ ]
w

and have pupila get correct results by copying, where” necessnry, the results
from the cotnbinations placed upon the blackboard. This work fogether with
oral drill and tests will in a short time fix these combinations in mind without
" the use of objects and the consequent formation of the pernicious habit of
counting the fingers in adding.
From the firat, drill in these combinations should be given {n such mauner as
to prepare for subtraction as well as addition.

Tllustration.

e Teacher—Five-four?
Pupil—Nine.
Teacher—Five and what are nine?
d Pupil—Five and four are nine.
Teachér—Four and what are nine? .
Pupil—Four and Jive are nine. o .

1 Prepared by the Education Department of New York Btate. As here given the course
is somewhat abridged. %
[ .
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When the combinations are learned in this manner. the work In subtractton,
it taught by the Austrian wethod (sometimes calied the addition method),
is learned at the same time as addition.

Hlustration.

87689
— 42310

Method.

68 and 3 are 9. . }

1 and 2 are 3.

3 and 3 are 6.

+ 2 and 5 are 7.

. 4 and { are 8.

At the close of the first half year pupils should be able to*count, read, and
write pumbers to 100. They should know the 20 combinations, the sum of
which does not exceed 9 and theifr use in nddition. .

Objects should be used only for consecutive counting and developing the idea
of number In the abstract. Children should never be taught to count two
groups of objects to find the sum. This gives the idea that addition is count-
ing, which ia a serious hindrance to accuracy and rapldity in work. Nothing
has done more injury in number work than the too long continued and inju-
diclous use of objects in its teaching.

AFCOND HALF.

Continued drill in addition and subtraction with the 20 combinations learned
fn the first half. ;
Count to 100 by twoe, by fives, by tens.
Drill in adding columns of figures on board and cards arranged for thia pur:
pose, the sum not to exceed nine.
Memorize the remaining 25 combinations ju addition.
Give oral drill, seat, and blackboard work In plenty with examples like the
following : Ct
.6845324 S690
‘4886078 124

W
0

4
8

Children are here taught to carry In additlon.

Method. Teach the very best model, insjst upon its exact imitation and wuch
repetitien and drill. Make no attempt to explaiu the process. This s the
time to teach the art of computation, not the science of numbers.

SECOND YEAR.

(FIRST HALF.)
Continued drill in the use of the 45 combinations in addition and subtraction.
Drill on. serles work fth addition,

Hllustration.

212 2232 42 52
+ 5555 565

_—— e — —

O
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Coutinue drill by counting by twos, threes, fours, fives.
Ilustration.

(wunt to 5 by twos beginning with 0, beginning with one.

Count to 50 by threes, beginning with 0. beginning with 1, beginning with 2.

Connt to 50 by fours, beginning with 0, beginniug with 1, begitning with 2,
beginning with 3, ete,

Dritl in subtraction—Austrian method.

Hiuxtration,

1235 6 and 9 are 15
— TS8O0 and 4 are 13.

449 R and 4 are 12

The ontire time of thia balf year should be given to nse and drill of the facts
of number learned ns bhere rpecificd. By the close of the perlod simple num-
bers will be added and subtracted with ncenracy and faciiity and wuch progress
wade Iu the addition of colutuus of figurts g

\ SBECOND 11ALF,

Notation and numeration of numbers through first three periodg,

Continned drill in addition and sobtraction, cnjl'('hnly fn (he addition of
colunus.

Memorize the 45 combinations in multiplieation:

Teach these combinatioms so that prepmration is given for division at the
same time that multiplication 18 being taught, that is, have the pupll ankwer
the questions, how wany sixes in 24 and bow many fours in 24 as well as to
state that 4 times 6 are 24.

Give much oral drill, seat work, nnd bourd work of the following character:

326453 886245 20 30 40 [OK1) (XY
2 3 2 3 { D 8

Teach the process of currying in multiplication.
(1) A good model.  (2) Inltation of the model. (31 Repetition, deill. (4)
No explanation. : i '
THIRD YEAR

FIRST HALF. -~

Continue drill in counting, Count by fives to 100, beginning with 0, beginning
with 1, beginning with 2, beginning with 3, beginning with 4. Count by sixed,
beginning with each of the numbers from 0 to 5, Inclusive.

Short division with 2, 8, 4, 5, 8, 7, 8, and 0 us divisors. Give thorough and
systematic oral drill us a preparation for this work. Before asking a chiid to
use 2 as n divisor, he should be able to tell instautly bow any times. with
remainder, 2 is contained in every number to 20. When 3 is'used as a divisor,
a similar drill should be given in numbers to 30, with 4 to 40, with § to 50,
with 8 to 60, with 7 to 70, with 8 to 80, with O to 90.

Multipiication with two or ‘more figures in the multiplier.

Definltions of terms used in fundumental operations. Addend. sum, winuend,
subtruhend, remmiuder, wwultiplicand, muitiplier, product, dividend, divisor,
quotient.

) Coutiuue drill of all previvus work,

. 1442°—11—4
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Messuren—anreas af simple figures with use of ruler correlating with drawing. -
Dimensionxs used fuch and foot. 8quare inch and square foot, and the fractions
4 and { as applied In the use of thvlllnear tinit used v measuring.

-

SECOND HALF. \

Tong divislon.  Never alliw a child to uae long division when the divisor s
A single tgure. -

- Multipl I'cullun tableg of the tens, eleveny, and twelves aml thelr ure as divisors
in sbort division,

Begin long division with easy divisors of two fignres.  Remember that 31, 41,
61, 61, 71, 8L and 91 are easfer divisors than 14, 15,16, 17 18, and 10, L
68, 70, etc. .

Give much oral drill and written work for accurncy and rapldity fn all of the
“undamental operntiong

Teets for divisability of numbers by 2,3, 5, 4, 10,

Definition of factar, prime factor. Meworize prime factors up to 26 (1, 2.
8, b, 7.'11, 18, 17, 19, 23). :

Oral drill in inding prime factors to 100.

Continue mensurement of objects In schoolroom for surface mensurement.
Additlennl wmensure: The lMuear yurd.  Learn Hguhd measure of pint, guart,
gallon.

At the cloge of thiz year'r work the puplls should be able to add, subtracl
wultiply, and divide numbers with accuraey and fuctlity. 1

FOoURTI YEAR.
FIRST MALF,

Roman numerals I to ¢ and by hundreds to M.

United States money. Writing and reading of numbers expressing dollars
and centa. The use of this knowledge in problem work demands Imlnlmlm--
tion at this thue, ’

Stmple problems, oral and written, connected with dafly life. Origina l.
problem work by the children.  Problems in billr and necounts, especially where
one of the factors I8 12 or lesg the extension of the prodducts making up the
sum to he 'done mentally. I

Teach cuncellation. Have all problems stated before being worked. Use can
celation whenever possible in the rolution of these statements.

Dry measure: Pint, quart, peck. bushel. Problems In reduction only.

Simple fractions and equivalénts. Develop objectively. Also teach idea that
a fractfon 18 an Indicated division with the dividend above the line and the
diviror below It.

Fix ‘the principles: (1) Multiplying the numerator or dividing the denomi-
nator of & fraction Dy any number, multiplies the fraction by that number.
(2) Dividing the numerator or multiplying the denominator of a fraction by
any number divides the fraction by that number. (3) Mulliplying or dividing
both numerator and denominator by the same number does not change the value
of the fractlon.

Continue dril] throughout the year i{n the fundamental operations. Facllity

© in these operatlions dbmands that this work be continued dhily throughout the
entire course. .

Changing fractions to equivalent fractlons of bigher andslower demonina-

tlons,

O
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Give much oéral drill in vhanging fractlons to equivalent fractions of higher -
aud lower denominations and i relucing them to a common denominator.
Denominators of these fractions should not exceed 24,

Make little use of denominators 13, 17, 140, 29, and 390,

Addition and subtraction of fractionr, the denovminators of which do not
contain more than two fgures,

NECORD ITALF.

Addition and subtraction of mixed numbers involving fractionr ajrendy nsed
e the mnnner here indiented.  (Mixead numbers should never be rslueed to fm-
proper fractions in addition and subtmetion. )

Least common multiple of numbers to 100 and application in redocing frac-
tious to a common denominator.  (Use metbod of factoring in «quation form.)

hHXEX3  AX2IX3IX3: LCM
B0~ 2XIXS HX3 =G0 D

Multiplicr.tion of —
1. A fractioh by an integer.
2. An Integer by n fraction,
3. A fraction by a fraction.  Use cancellation in all cases where possible.
. Written work fn proceding cuses should be preceded by wuoch ora) drill with
sinple numbers,
Division of —
A froction hy an integer.
An luteger by a fraction.
3. A traction by a fraction. Use cancellation whenever possihle.
Have the written work pr«wﬁml by mnch oral drill. ag in multiptication of
fractions
Continue the solution of problems involving the principles uud Processes

.

learned in all previous work. ;
Problems to e stated before heing solved, including oral analy b'h
! Cublc mensure. Volume fuvolving cuble tnclier, cubie feet, und cubic yards.
! ’ FIrtn Yeas.

FIRRT ALY,

Reading and writing of decimalx

Reduetion of common fractiong to decimal fractions and decimul fractions
to common fractions.

Fuhdamental operations in decimn!l fractions. (The Austrian method of’
placing the decimal point In division {8 recommended.)

i Memaorize the aliguot parts of §1 or of §100.

! Review tables of linear measure. square measure, und cuble memxnro
Memorize number of cubic inches in a hushel and in a liquid gallon.
Reduction ascending and descending ar applied to these tables.

Applcation of square. mensure to finding area of squares, trinngler, rec-
tangles, and to problems i painting. carpeting, and plastering.

! Application of cubic measure to finding volume of recmng_ular solids. the

b capacity of bing anad cisterns, cost of masonry.

: (Teach accurate capacity by using 2150 42 cubie inches in a bushel: aiso

approximate capacity by using one bushel equal to 4 cublc feet. In Hquid

leasure use 231 cubic inches to gallon, also 74 gallons = 1 cubic foot.)

.

’

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

ol

" money, time, and circular measure. Also leari number of pounds in a bushel

50 MATHEMATICS IN THE ELEMENTARY 8CHOOLS., - : ‘

SEOOND HALF. 4,
- Memorize tables of av:)!rdupols welght, dry measure, liquld measure, English

of potatoes, wheat, corn, barley, oats, barrel of flour, and apply In the solution
of problems. Also learn value of franc, potnd. and mark in United States
money. R .

Reduction ascending and descending as applied to these tables.

Otber tables ln denominate number besides those memorized may be used
in problems, but puplls should be allowed to refer to bouks for facts used.
. Problems In the form of bills and accounts continued.

BixTH YEaR.

' FIRST HALF.
Review the work of fractions, with special emphasis on the three guestious:
1, To find a fractional part of a number. . -
2. To fin@ what fractlonal-part one number 18 of another.
8. Given a fractlonal part of a number and its relation to the whole, to tind
the whole.
Nlustration: ¢ of 35=7? What fractlonal part of 35 18 217 21 Is § of what
number? i . .
Review denominate numbers and drill on industrial problems demanding their
use.
Fundamental operations In percentage: o
1. Any per cent of any uumber. Aliquot per cents. Use the term per cent
interchangeably with hundredths. Leam'thoroughly the allquot parts
of a unit and use interchangeabiy with hundredths and per cent. (See
table given in first half of fifth year.)
2. The per cent one number 18 of another. . _
8. One number 18 a given per cent of what number? D
Applications to problems.

S8ECOND HALF,

1. Profit and loss, including (a) marking goods; (b) trade discount; (¢)
cash disconnt. . .
2. Commlsslor‘-uslug only practical and common problems.
8. 8imple interest.
(a) To find interest on any sum of money for a given time at a glven
rate,
(b) The making of promissory notes and the computing of'lntel:es;
) thereon. ) N
(c) Problems in interest when three of the elements of P, R, T, and I are
glven to find the fourth, o ) ‘.
4. The simple equation and the use of the unknown quantity P can 'be
profitably used in the solution of some problems.

. .’

SEvENTH YeaR

Puplls who have cqgpleted the work of the six preceding grades should be
able (1) to read reasonably large numbers at sight and to write numbers rapidly
from dictation; (2) to add problems 5 figures wide and 20 numbers deep ac-
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curately at a fair rate of speed, 1.<., in about two minutes; (8) to perform all
fundamental processes In arithmetic rapidly and accurately; (4) to reason
quickly and explain simple problems; (5) to handle ordinary fractions—com-
mon and decimnl—withont hesitation; and (8) to comprehend the fundamental
principles of percentage and their applications. '

At the end of the seventh year nny one of the following courses may be pur-
aned: (1) To follow syllabns In algebra for the eighth grade; (2) to give a
part of the time to arithmetic and a part to nlgebra; (3) to give the entire
time to arithmetic.

If the study of arithmetic is to stop with the end of the seventh year it will
be advisable to follow the syllabus for this year and to include such topics of
the eighth year, i. e., stocks and bondg, insurance and taxes, as are deemed
necessary to round out the subject. .

It the arithmetic is to continue through the first half of the eighth year.
leaving the other balf free for algebra, it will be necessary to select those topics
in arithmetic which are considered essentinl to the laying of a proper founda-
tion for the study of advanced arithmetic. Under this conditlon it will be
necessary to eliminate some topics in the eighth grade nlgebra.

If arithmetic 18 to be given in both the seventh and eighth years it will be
possible to insure greater efficiency along industrin]l and commercial lines
through reviewing, drillinyg on, emphasizing, and enlarging upon those processes
and applications which are considered the essentinls. Without attempting to
follow the syllabus it is possible to Introduce some algebra in the solution of
problems in mensuration and interest by means of the simple equation and the
use of the unknown quantity .

Glve plenty of oral drill in getting approximate results. This will tend to
reduce error in computation. In business it {8 cuitomary to apply some kiad
of a check to every result obtained. No f;ood mechdnic or business man would
think of letting his_results stand without some checking. Puplls should
acquire the verification habit. '

Menta! arithmetic should occupy a large share of the time. Never allow

* puplls to use pencil If, in your judgmeunt, the result should be obtained
mentally. o .

In general, papers should be marked, ‘as they are in business, largely by the
acenracy of the result. If the result Ia wrong the paper is wrong. If the
problem requires ‘some interpretation a teacher may quite properly mark both
for accuracy and for method. o

Teachers should endeavor to get outside of the book and to have a large
amount of drill material ready for each.exercise, Use the mimeograph, or
sotne other duplicating machine in the preparation of lessons. Teachers showjd.
it possible, learn the business methods used by a mason, carpenter, paper
hanger. painter, architect, banker, etc. Orlginal problems can be eobtained
from these men and pupils may be sent to them to verify their own methods.
The problems should be rgal if they pretend to be so.. They should relate
when possible, to the child's dally environment and to his other school work.
They should be concerned with the school shop, drawing, and Ilaboratory work.

~ They should touch the questions of the supply of food, clothing, and shelter

and distributing centers, . ]
Vigits to the shops of craftsmen and trips to factories, banks. and business

houses will clear up in the minds of the pupils the technical points Involved In
such préblems and will add new interest to the work. The daily activitles of
our people must be drawn upon to  make the arithmetic interesting, Informa-

' tional, pnd practical. . .

——

as related to our farms, shops, transportation facilitles, to typical Industries,
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‘ FIRST HALF. )

1 Continue app!lcntlon of percentage— .

(a) Interest, Including connbercial paper: (1) Six per cent method and
short methods based upon it; (2) bank discount; (3) compound in-
terest as applied to savings-bank accounts. Use tables in compound

. interest. The operations of depositing money, drawing checks, and
fignring interest should beconie as rea! as the school can make them.

(d) Troblems should be many but simple. Many should be oral. In
many cuases discuss the selution without requiring auy actual cow-
putation, Drill on%kiving approximate results.

2. Ratio and simple propoftion.

Ratio has some use apart from being an introduction to proportion. Fer-
tilizers, metals, and liquids are mixed in given ratios. Proportion wmay be
merely one method of writing simple equation. The relation of numbers ex-
pressed as ratios should be shown and simple prohlema involving proportion
should be glven. The use of the equation and the unknown gquantity z should
be used, )

3. Powers and roots— . -

(a) Memorize squares of numbers to 25. Oral drili In their use.

(d) 8quare root and Its applications In determining dimeusions from
areas of squares, Also Its use as appiled to the right triangle,
Squnre root I8 necessury for the purposes of mensuration. IHowever,
its study has more value in tralning for reasoning than in its prac-
tical use. since many who use it employ tables. I'uplls can compre-
hend it by the use of the diagram or by the formula.

4. Many miscellaneous and review problems should Ve glven. The use of

" the equation and the unknown quantity should be used, whenever con-
venlent, In their solution.

BECOND HALF.

1. Review the following tables until the pupils use them rendily ig their
work. In the review of the tables of wmeasnres rome attention might he
given to the origin of such meusures as yard, foot, inch, quart, acre, ete.
In this way the pupil will find the work taking on new interest.
(1) Meagure of length, (a) linear; (2) measure of area, (a) square;
(3) measure of contents and capacity, (a) cuble, (d) dry. and (¢) Hguid
(4) measure of welght, (@) avoli'dupols (5) measure of quantity, (a) pa-
per; (6) other tables, (e) circuiar, (&) time; (7) money, () Lnlml
States, (b) Engllish. .

2. Review of, and drill in mensuratlon, using practical problems involving sur-
faces of (1) parallelogrun, (2) rectangle, (3) trlangle. (4) circle, (5)
trapezold and contents of such solids as (a) cube, () sphere, (¢) cylin-
der, (d) pyramid, (c) cone.

Strict geometWgal demonstrations can not be glven, but enough objective .

work can be offered to mnke the matter clear,

8. Begln by using problems a1l of which require the use of the same table and
then drill on mixed problems, making them practical and renl ns far as
possible, Teachers are advised that it is of little value for the pupll to
memorize tables that are not to be used In practical life, or to commit ta
memory numerous equivalents that are readily found in the textbook when
needed. :

3 . , : .
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EiGHTH YEAR.

FIRST HALF.
1. Rupld calculation work.

In this drill incinde daily speed exercises. Set a reasonnble time limit and
boid the class up to it. This will fit the pupils for. pressure work which is
bound to come in business life. It may include practice in the following:

- (@) Addition until pupils can add at the rate of from 75 to 100 figures per
minute. Use group method.
Horlzontal nddition shouid be practiced. Example: 10 pleces of cloth—
38, 82. 91, 46, 53, 67, 84, 75. 65, 69=670, at H0c=3$335. ¥

(b) Multiplication, when multipller s 11, 22, 83, H, etc. Example: 802X
11=2 as unit figure; (9+2=11) 1 as teus; (R-+9+1 carried=8)
8 us hundreds; (8+1 carrled=0) 9 as thousands: final result 9812,
Example; 506X22=13112. Same as preceding process except that
euch addition is muitiplied by two before carried figure i3 added.!

(¢) Cost of artivles sold by ton of 2000 pounds, Example: 8042 pounds at
£25.50 per ton=$8.042X (% of $25.50)=$11401. ¢.

(d) Interest practice. short method given above. Only a few practical short
methods should be glven. This work will hielp to sustaln interest and
develop rapid thinking power of concentrated effort.

2. Business forms.

Some drllls should be given in making such forms as the following: (a) in-
volces or bllls; (b) statements; (c) account snles—in commission.

It I1s not expected that the pupil will be taught an elnborate form of book-
keeping: but everyone should know how to keep simple accounts. These cnn
«nxlly relate to the lncome and expenditures of dally life in the home and on the
faro. ’

BECOND HALF.
Stocks and bonds:
o Pupils should know what a corporation is, {ts chief officials, its organlzaton,
1ts stocks or bonds, and Its methods of declaring and paying dividends.

(@) Cost of a given number of shares at a given market value,

(b) Number of shares or bonds that can be bought for a fixed sum.

(¢) Rate of in¢ome on un Investment In stocks or bonds.

Insurance: R

Insurance. fire. life, and accident, is an important factor in our life, and yet
the technicalities lu varlous types of policies, enpeciaily those of life insurance,
are 8o difficuit of comprehension that the school can hope to do noe more than
to give a general conception of the work of the various kinds of companies and
to confine the problems to the rimplest practical cases that the people need to
know about. ’

Taxation :

The subject of taxation has a close reiationship to clvics, and when com-
bined with it has a real Interest to the pupils. It should be treated from the
standpoiut of local conditions.

Algebraic notation: :

Algebra bas some Dlace In this grade, especlally for the boys ln the industrial
course. Simple” formulas are now quite common.in the variods mechanical
trade papers. Many of these boys will bave usé for various echanics’' pocket
tables. which involve the elementary operations and linear equations. ‘Fm-

1"The committee does not fecl called upon to comment upon such features as this. It
muat say, however, that the carrying of this work beyond 11 is not warranted.

L"“A.".l o o -

— —
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" speed of the motor as a basis.

b4 MATHEMATICS IN THE ELEMENTARY SCROOLS.

phasis should be laid upon the study of formulas, 8o that the gimple algebraic
expressions of the trade journals and mechanics’ handbooks may bhe read
easily, ) : C -

RELATION TO MANUAL ARTS, HOUSEHOLD ARTS, AND AGRICULTURL

Those schools that offer instruction In household and manual arts and
agriculture have an excelient opportunity to relate thia instruction to the book-
work. A serles of problems vitally relirting to cooking, sewing, woodworking,
mechanical drawing, and farming may be worked out. Such problems wlli not
ouly touch the school life of the pupils but algo the home life,

The suggestive outlines showiug this relationship are not limited to a single
year; neither are they necessarily entirely taught by the tencher of arithetic,
They furnish a splendid field for codperative effort between the special teachers
aud the room teuchers. Each might well know. what the other is doing, and
attempt to fix in the pupil's mind the applications of arithmetic to school and

.-home life.

Portions of these outlines are common to the needs of both sexes, Certainly
both should have a knowledge of home accounting. However, the division of
haud activities into home-making courses for glirls and manual trgining and
agricultural courses for boys menus that the most effective correlation wifl he
brought about by a differentiation of the arithmetic according to sex and occu-
pational interests. - :

OUTLINE RELATING TO HOUSEHOLD ARTS.

. ’

1. Simple domestic bookk;eplng. including daily, monthly, and yearly sup-
plies for the kitchen. . '

2. Calculrtion of the prices of foods bought in large or in small quantities
as related to the cost of mesuls for the home.

3. Btudy of the simple measurcments s needed in the household, including
measurements of materials used in food aund ciothing.

4. Cost of furnishing a kitchen, ‘1aundry, dining :oo;n, living room, and bed-
room, with the expense of renovating and maintaining them. ,

5. Relative cost of different systems of heating and lighting; reading a gas
meter, .

6. General questions of maintenance of the home, lucluding rent, water,
fhxes, Insurance, and interest on the wortguge.

OUTLINE RELATING TO MANUAL ARTS.

1. Adding the detatied dimensions on the school sketches and drawings for
the “ over-ail” dhensions, .

. 2. Figuring the cost of the materials used in the article made, inciuding the
‘lumber, screws, staln, and varnish.

3. Working out & more elaborate cost 8lip of the object made; I. e., reckon-
ing the compensation for labor, the cost of power, the interest on the money
invested in the school shop, etc., ns well as the bill for materlals,

4. Making out a bill for the general lumber supply of the school, using the

0. Laying out of simple geometrical forms In wood ; 1. e., hexagonal taboret—
calling attentlon to the value in degrees of the angles.
6. Proportion as applied to the speed of -the wood-turning lathe, taking the

—
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OUTLINE RELATING TO AGRISULTURK.

1. Actunl measurements by the class of smail plots of land, calculating their
aren. Measurements of walls, feuces, and calculating their cost.

2. Measurements of aud caiculuting the capacity of tanks, clsterns, watering
troughs, silos, storage bins, and barrels. Data may be obtained from the home
equipweut. )

3. Speclal computation sulted to farm practice such as income from dairy
cows, feed rations, farm labor. :

4. Business forws, such as inveatories, time books, stock accounts, -cash ac-
counts, notes, receipts.

5. Application of perceutage in study of goll composition, ratlo and propor-
tion in relation to animat feeds, practice in estimating amount of material for
such spraying: i. e, emulsions,.polsons, nud fungicides.

G. List of materinis showing cost of such farm buildings as house, barn, poui-
try house, corucrib. .
' A%ITY COURSE oF sTUDY.

GRADE 1.
»
SECOND HALF YEAR.

-

Numbers through 10: counting forward and backward; relative values of

" pumbers which make 10; writing the naes of numbers in words and figures,

GRADE 2,
FIRST 1IALF YEAR.

All the work of this grade ghould be objective.

Counting by tens, fives and ones to 100; relative values of numbers within 100.

Numbers thirough 20: counting by twos, fours and fives. unting backward
by ofies, 4, }, and 3} of numbers from 1 to 20, inclusive, whglrgw an integer
as result.

Measures used—Inch and foot.

BECOND LIALF YEAR,
.

Addition and subtraction of numbers through 14 ; multiplication and diviston
through 20; writing numbers through 100; 3, }, and 4 of numbers from 1 to 20,
giving an Integer as result. Additiou of single columus, using the combinations
learned. o

Mensures used: Inch, foot, square inch, square foot, pint, quart. :

Review very thoroughly the work of the first half. yenr. Teach addition and
Rubtraction of numbers through 14: multiplication and division through 20.
‘Tench signs for all processes; using the terms and, less, times, contains, and
rquals. o

Simple concrete problems should be given, using the combinations learned.
The order of presentation should be: 1. Objects, In learning comblnativig.
2. Concrete examples (oral) with objects present, 3. Representation -of com-
binations by figures. 4. Recal'llng combinations without objects; thorough
‘memorizing of results. 5. Concrete problems without the use of objects. These
problems should be very simple and basgd upon the child’s experience. Very
little written work should be required and the result should be stated In a
sentence without any attempt. to show the process. Readliness In ﬂndlug‘ the

*  much sbridged.

. ‘APrepared for the achools of Indianapolls, Ind, The course as here given is necéssarily
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result of the combination of any two numbers is to be considered of first im-
portunce in this grade, beeause this knowledge must be at command in all
1 succeeding stages of advancenient. The additlon of short columns, using only
; the combinations learned, gives additional practice; it is an excellent method

for review. .
: GRrADE 3.

I
| FIRST HALF YEAR
I

Addition and substraction of numbers through twenty: multiplication and
division tables through fours; abstract addition, two columns; writing of num-
bers through one thousand; Roman notation through one hundred. Fructions
4, § and §.

[ - Measares used : Inch, foot, square inch, pint, quarty gullon.

SECOND HALF YEAR,

. Addition and subtraction by “endings” through 2+9. The four funda-
mental processes—multiplication’and division tables through fives. * Multiplica-
tion and division of abstract numbers through thousands; use 2, 3. 4. and & as
divisors, Addition and subtraction of United States money. Writing numbers
.through ten thousand. Roman notation through one hundred.
Application of fundamental processes to simple concrete problems of one ste).
Measures used: Inch, foot, yard, square inch; pint, quart, gallon: peck.
* bushel ; second, minute, hour, day, week, month. year. Use actual mensures.
In comnection with the units of time, call attention to the method of telling the
time of*dag by the clock.
GBADE 4.

" FIRST HALF YEAR.

Addition and subtraction by “endings” through 4+9. Multiplication and
divislon tables through nines. Multiplication of abstract numbers by two
digits. Short division, using for dlvisors all numbers below 10, Addition. sub-
traction, and multiplication of United States woney. Writing numbers through
millions. &

_Fractlons 4, {. and §. Aliquot parts, 4. &, }. ¢, and o, as zpplied to 100 only.

Mensures as in Grade 3, and in addition, the ounce and pound. Use actuai
measures,

SECOND HALF YEKAB.

Yo

Addition and subtraction by *endings™ through 9+9. Multiplication- by
three figurer. lLong division. United States money. additlon, subtraction.
multiplication, and division.

Fractions, §, §, 4, 3, and §.

Pupils of this grade should become uccurate and skillful in addition and
subtraction of integers. Begin the work of the term by making sure that
pupils can add and subtract by endings unfallingly. Subtraction by endings is
.especinlly likely to be neglected. Require puplls always to check their addition
by adding the columns In reverse order. . Similarly subtraction should be

-~ checked by the réverse process of addition. Thus 13 — 9 = 4, 18 checked by
the process 9 4+ 4 = 13. Do not ®llow pupils to indicate ‘' borrowing” by
changing the digits in the minuend. G
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At the beglnning of the term, make sure that every pupil has mastered the
muitiplication combinations through the tables of twelve—not only when given
in serlnl order (VX3, 0X4, 9X5, etc.), but when selected at ramdom (9X4,
TXH 12X11, etc.).

Use multipliers of not niore than threo ﬂgures in thls grade. Introduce zero
into the mditiplier often, as it is troublesonie. ’

Pupiis should always check multiplication by going over the work carefully,
adding the partial products in the order reverse to the first addition,

It shouid be remembered that pupils will fafl In the long division process

" as long nx they have not mastered multiplication and subtraction.

Pupiis should aiways check long division by going over their work (-nrofully.
using the reverse process of addition for each subtractlon.

To insure nmstery of the divigion process, after the process isancquired give
a4 problem each day, either in long or short division. durlug the remainder of
the term.

Mental or oral arithmetic should be given daily in abstract and concrete proo-
lems, for ut least one-third of the arithmetic period.

GRADE 5.

FIRST HALF YEAB:

i Review of eassentlal processes -taught in preceding grades. Long division.
Reduction,-nddition, subtraction, and division of fractions. Aliquot parts: &, 3§,
% % 1 1.4 ¢ Mental arithmetlc.

Pupiis shouid be able automatically to add gnd subtract by endings und to
wse the multiptication combinations through 12 times 12. before beginnlng the
fractional work. While the fractional work is being developed in class time,
the written work should consist almost entirely of review problems., Enough
pru('tl('e should be given in long division to enable pupils to use the process
acenrately and fairly rapidly. Insist upon the use of short division where the’
divisor Is lesg than 13,

The chief ditliculty that pupils have in acquiring the fractional |)rocensen is to
intefpret cleariy the unfamiliar, and so perplexing formn and terms used. The
prublem of the teacher therefore is to enable pupils to interpret these con-
ventional symbols into terms of their own experlence. ‘To this end pupils
should first learn to objectify the common fractionnl quantities. halves. thirds,
fonrths, sixths, eighths. and twelfthe,  Pupils should compare these fractional
parts when applied to actual objects (oranges, apples, srlieets of paper. etc.),
and to representations of objects by drawings. Drawings should be used very
lurgely for ohjective development In this grade, as they make possible a mueh,
wider applicatlon of the fractional parts thun would be pogrsible with a few
ohjects.  The drawing, moreover, I8 the natural step between the object and the
abstract gymtiol. Whenever a drawling i8 used, the child should think of it as
representing some deflnite object.

Mized nwmnbers, proper and improper fractions.—Develop these terms objec-
tively by paper folding or from drawings. I'upils at first rend a mixed number,
23, 18 2 whole and § of a whole. They should realize that an lmproper frac-
tlon 18 equivalent to n mixed number with the wholes cut into the Rame sized
parts as those indicated by-the fraction and ull of these parts combined.

Reduction.—Pupils should now speclalize in the following processes until
they sre skiliful in the use of them, approaching each from the objeul\e point
of view. -

8. Reduction of integers and mixed numbers to fractions. 1
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-tract readily and use the multiplication combinations automatically, and assist
them tq overcome these fundamental weaknesses. The firat two or three weeks
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h. Reduction of {mproper fractions to integers or mired numbers,

c. Reduction of fractions to higher and lower terms. The work in this lant
topic should be especially thorough, g8 addition, subtraction, and division of
fractions usually involve one or both processes. '

Addition, subtraction, and divisfon of fractions—Puplls that have had the
aboye preparation will have no difficulty in acquiring sklll in the yse of theee
processes if abundant -practice be given. It should be recognized that the
business world seldom deals with fractions whose denominators are ‘higher
thun 186, preferring to use decimals for all such fractions. This should cause
the teacher to drill largely upon fractions of the larger denominations (with
small denominators). .

Finding the least common denominator (by inspection only) should be taught.
Denominators too lnrge for this method should not be used.

SECOND I1ALF YEAR,

Revlew of preceding essential processes. Multiplication of fractions. Addi-
tiou. subtraction, and division of decimals. Aliquot parts: 4.4, 4, 4, &, . §, &. 2.
§, %, v&. Mental arithmetic. ‘

Make clenr, to puplls that a fractlon may be expressed fn a° viuriety of ways:
(1) Five hundredths: (2) 5 hundredths; (3) (§,; (4) .05.

The last way {8 called the decimal form, because it {8 used only to express
fractions whose denominator is ten or a multiple of ten.

At this point lend pupils to see that a fraction has two meanings:

First. The meaning that they, as primary school children, were taught to
of & unit. ) )

Recond. The meaning that the mathematician often attaches to it—namely.
that a fraction is an expression of division, in which the numerator Is the
dividend and the denominator is the divisor. ¢

GRADE 6,

FIRST HALF YEAR.

Review of essentials. Multiplication of declmals. Percentage. first case.
Denominate numbers and measurements. Bilis and receipts. - Mental arith-
metlc.

Teachers should, ot the outset, determine which puplls can not add and sub-

should be nsed in a thorough review of the essentinl processes. Tenchers

rhould, throughout the term, emphasize the work In all the decimal processes

#0 that the puplls may acquire skill in the use of them before leaving the grade.

In this grade give only the first view of percentage. For this rengon confine

the work to an explanation of the way of reading and writing per cents. to

tenching the connection between per cents and integers, and to finding given

per cents of numbers. Keep the work simple, using only whole numbers of

per cents. For example, use 4%, 5%, 6%, etc., but not 41%, 64%, etc., in this

grade. 'Some suggestions: -

(a) Teach percentage as a phase of multiplication of decimals.

(b) Teach the idea of per ceut by finding, oraily and in writing, hundredths

of given numbers, expressing the written work at first by the com-

mon and then py the decimal form of the fractlon. After the puplls
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have a clear idea of finding hupdredths of a number decimally, give
them the percentage form of notation and expression: . e, tell
them thnt 0.05 is written 8%, etc. ‘They should learn to associate
hundredths and per cents.

(¢) Give the pupils wide experience in changing dectmals to per cents
and per cents to decimals, using integral numbers of hundredths.

(d) Give the pupile wide experience in finding by the declmal procers a
given per cent of ‘a given number. IDDo not introduce during this
term the difficulty of deciding whether or not to use the common
fraction qr the decimal fraction equivalent of n given per cent: that
is, use alivays the decimal fractions. ‘

Denominate pwitbers and measurements should recelve a thorough treat-
ment in a practica]l way In this grade. Teach the necessary tahles of denomi-
nate numbers. Some of these tables the pupils already know, whereas others
fhey will now meet for the first time.

(a) The pupils should memorize thoroughly these tables. excepting that
every item which modern business does not require the average man
to know should be excluded: more definitely teach the fullowing
tables: time, weight. dry measure, liquid measure, linenr measure,
Rquage measure, and cuble measure. e

Ask the pupils to brlng to school bills that have been used in bueiness trans- '
actiong. Talk them over with the class, showing the advantage of the conven-
tional forms of ruling, heading. receipting, etc. The pupils should he asked to
make out bills first on blunk florms, {f they cnn be obtained. afterwards on
puper which they have ruled themselves. I.et thelr imagination be used to

‘nminke these business transactions represent actual transactions as far as pos- .
sible.  Let it be imagined or represented that the teacher or one of the members
of the clngs has sold the rest of the cluss a bill of goods or done a piece of work
for them, or rented a house to them. The resulting biil should contain the
real names of the parties to the transactions. The pupils should learn how
to receipt a bill properly and also how to give a receipt for any obligation;
thut 8. an account settled. rent paid. wages recefved. and part-payment receipt.

All processes and subjects taught in this grade should be introduced by simple
work given orally. After a principle has been taught & large number of slmple
exerciges should be given in mental arithmetie, so that the pupils can become
sure and skilliful in the application of the process. Mental arithmetic should
be glven dally for one-third of the recitation period.

BECOND HALF YEAR.

Review of all essential processes previously taught, as follows: *
* (a) Addition and multiplication combinations

(b) Notation and numeration of integers, Arabic and Roman; fractions,
common and decimal.

(c) Reduction. Changing denominate numbers to higher and lo“er de-
nominations; a common and decimal fraction to higher and lower
terms; changing mixed numbers to improper fractions, and the
reverse process; changing decimals into common fractions and com-
mon fractions into decimals. R “

. (d) Addition, subtraction, multiplication, and division of integers; com-
mon and decimal fractlons; denominate numbers.

(e) The use of the common aliguot parts.

Percentage. ’ : .
Measurements. ’ : ’
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Simple bllls, accounts, and necelptn.

Mental arithmetic,

The purpose of the revlew work in this grade I8 to establish a strong founda.
tion for future mathematical study by making puplls sure and skiilfnl in the
use of the essentlal processes previously studied. aud by revealing to them the
unity of the subject #8 based upon the two general underlying princijples.

At the outset the teacher should mnke sure that every puptl can add and
subtract accurateiy and ure the multiplication combinations auntomatically. AN
cases of " arrested development "—such ar counting n adding, adding iustend
of using the muitiplication combinatlong, and w riting down numbers to be addel
to the next higher order in multiplication—should be earnestly ronght out and
corrected. The teacher, particularly of this grade. should feel that unless this
fundamental work 18 thoroughly accomplished her work iu arithmetic s, to a
consfderable extent, n faflure,

Puplls should now he able to rend snd write the quantities, appenring under
varions forma. which they will need to ure. They wiil prohably  have no
difficulty tvith common fractions and denominate numbers, hut they may neel
conaiderable drflt in Integers, Arabic and Roman, and in declmnls. Their
knowledge of the Roman system will be used almost exclualvely in connectlom
with the numbering of chapters in hooks, and it should be taught with this
in view. Dril] only upon numbers below C. *

In the decimal notation considerable drill may be necessary hefore the pupils
will readily associate the naine of the order with the nnmber of decimal places,

Sufficient drill should be given to enahle pupils to reduce denominate nun-
hers to higher and lower denominations and to give them proticlency in chang-
ing fractione to other fractional forms: common and decimal fractlons to bigher
and lower terms: improper fractious to mixed numbers, etc.

It sbonld be the aim of the teacher to keep the percentage work entirely on
the thought side, avoiding ali formulas or rules. The work includes the rela-
tion between common fractions, decimals, and per cents: the finding of a glven
per cent of a number: the finding of n number when a part is given; and the
finding what part one number i8 of another.

“Gain and loss” should not be taught as an independent topic, for the
problems which come under this hend can be classified with the three kinds of
percentage problems mentioned above. If it I8 clearly established with the

child, by means of blo-ks or by representation by drawlngs, that the selling.

price is a]wu,\s made up of the cost with a part of itself added or taken away,
according as there has been a gain or a loss, he will have no ditficulty with
these problems.

In connectlon with the percentage work, puplls should acquire facility in the
use of the common allquot parts. ‘Those that are eaelly computed (as F=0609)
should not be committed to memory. nelther shonld those that are not commonly
used (as Y4=31{% ). Puplle should learn, however, to compute quickly the
decimal equivalent of any fractlon, by expressing the numerator as a decimnl
afld d!viding by the denominator. An excellent drlll consists in counting by
fractiona! parts, giving st the same time the decimal or per cent equivalents,

In mensurements, review the work with the rectangle, rquare, triangle, cube,

distinguishing them from each other nnd nseociatlng these geometrlcal names
with the figure already familiar.

The problems under this head should be practical. Require pupils fre-
quently to make their own measurements in order to obtain the conditlons of
the problems they are to solve; Illustration: Find the d!mensions of your
schoolroom. What is the total area of the walls and celllng? Ho®% much
window surface? How much blackboard surface? Determine the coét of sod-

ding the yard of your school and inclosing the school yard with a fence.

RS, - A s
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One good way of treating this tople is to work out problems in connectiou
with building and equipping & house or the school bullding, If a building is |
leing erected in the neighborhood, it should be used for this work in order that !
the problems may be real. .

In order to train pupils to keep simple accounts—an accomplishment that
everyone should possess—teachers are requested to have at least one exerclae
~n a week In which the children make a record of their income and expensea.
( This exercise need not occupy an entire period. Except when class instructjon
18 needed, the records may be made before school. or at odd times.

The necounts should be of actual moneys belonging to the pupiis, it that is
possibie. It 18 better to have a briefer account and have it a real one than to
fill it with fauciful transactions or family transactions. Thefpccounts should
fndicate briefly, but udéquntely. the sources aud dispositions of income: not
Ree. from Aunt Mary, but Gift from Aunt Mary; not Paid out, but 'aid for
caudy : not Earned, but Shoveling snow, ete. The headings at the top of the
pages ghould be uniform through egch book—either Received—-Pald, or In-
come—Outgo, or Receipts—Payments. Balances should be computed at the
ciose of ench month. These balances should be properly brought down by use
of red lines, if possible, and carried forward to the next month’s account. Begin
eiach month on two new pages, with proper statements of amounts brought for-
ward from previous month. Have a uniform nse of capitals and punctuation.
Pupiis may keep memornadum slips, but entries in the account books should
be made in school. with ink, aud accounts should not he copled. Accounts
‘through vacations should be kept in memorandum form and entered in the
books fun school after vacation. The accounts will be opened October 1 and
February 1 and be continued through the 6A grade only, including vuacutions.
Account books will be furnished this grade.

Ask the puptils to hring to school bills that have been used in business trans-
actions. This work is review, and puplis should become proficient in making
and receipting bills of varlous sorts that are used In the common business of
life. Make the work practical, and frequently durlng the term give practice in
this work.

All processes and subjects taught In thls grade should be introduced by
simple work glven orally. After a principle has been taught a large number of

simple problems should be given In mental arithmetic exercises, so that the
' pupils may become sure and skitlful in the apntication of the principle. Mental
- arithmetic should be given daily for about one-third of the recitation perlod.
[ | ) .

' ) Grade 7.

FIRST HALF YEAR,

Review of ‘essential processes. Applications of percentage (commercial dis-
. count, commission, taxes, simple interest). Constructional geometry. Mental
> arithmetic. '

First make sure that all pupils can use the tundnmental processes skillfully.
It weaknesses are revealed, test for addition endings and multiplication com- .
binatlons and follow up all deficiencies until they are overcome.

Devote the first two or three weeks—more or less, nccording to the c]nss—'
to a review of the essentinl processes. It is only when a good foundation is
established in this review work that the best results in the advance work can

f be assured.
h Do not allow pupils to become confused by the new termlnology found in the
[ - applications of percentage to various kinds of business. Cause tbhem to see that

0D
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these involve the identical principles aud processes which they used in their study
of percentage In the preceding grades. Keep the work simple, practical, and
In accordance with present businesa method’.  Train pupils to fnvestigate by
polite and pointed Inquiries the different kinds of business studied,  The 1n.
formation thus sained should be reported to the cluss in an Interesting and
profitable manuer.

The subject of commercial diseount s of great value hecuiire of ity extensive
nse * from wholesale transactions down to bargain raler” [uplls ghould under.
stand some of the reasons for ullowing discounts. Buying In Inrge quantities
paying “cash down' or within a rpecified time, the usual deductions from
list prices, etc. It would he well, for olvious reasons, to review bills and re.
ceipts in conneion with the study of this topic,

Let the pupils interview commisston merchants and obtain conditions for
some prictlcul problems, and. at the same time, a socinl fnterest In this -
portant business. Ellwminate all frroblems that state that the sum of money sent
fucludes the commission nnd the price of the goods bought, as this s contrary
to. business pructice.

The subject of tuxes should be treated briefty. 1t should be rhown that thiere
is expense involved fn conducting the affairs of a city. To make this concrete,
use as an illustration the fact thnt the public schools are dependent upon the
taxpayers for their support.  Poifut out the neceseity of each citimen paying his
rightful share of the public expenses of government. The simple mathematical
work In the subject mny be developed by the analogy between levying a city
tax and taxing the members of a ball team to meet jta expenses The attempt
in the former cuse to apportion the mwsj’mwdlng to the individual's property,
may bLe brought out by the coutrast In this respect between ‘these two illus-
trations of taxation. °

Conflue the work in this grede to the subject of municipal taxes, discussing
the subject only in a simple way. Use the current tax rate in problems,

Preeent conditions 8o that the child can discover that {nterest is merely a
form of percentage with the time element introduced,

Oune arithmetic perfod each week should be dévoted te the geometry work.
The purpose of the work Is to teach puptls to use the few mechanfeal drawing
‘nstruments which they buy, and to nequaint them. with some of the essential
tundamental terms and principles of geometry,

BECOND HALY YEAR.

Review of essentlal processes.

Problems of the home. Grocery. ment market, department store probleme.
Making change. Cost of beating and lighting the home. Cost of furnishings
fér the home. Other problems relating to tlhe cost of food, heat, light, clothing,
etc,, for the famlily.

Saving and investing money. Raving maney. In/estlng money. ‘Banking.
Interest. Real ebtate. Ioans. ’

Constructional geometry. .

Mental arithmetic. ~

In the problems for the Lhome this city provides data In a pamphlet on com3
maunity arithmetic. .

These problems are designed to give drill upon-the esseritial processes through
the use of such problems as are met by Individuals in their dally Hfe. They
are to be solved upon the basis of current prices {n every case. For this reasou
it is important that the tendber should get In advance a llst of the Items,
together with the curvent prices. These problems are the kind all of us as

——)
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purchurers whiould be prepared (o solve mentally, or if not so, then In writing
with very brief notes; thiey are the kind that salesmen and clerks are enlled
upon te mhu in their datly work. The problems will be found useful for both
niental dril! and for written lersong. -

The department-store problems are dealgned to meet the critlelsm of gtore
men that hoth elerks and the publie are nnskilfal in the solution of sueh wimple
problets as oceur o the conduct of a departinent store,

Give problelns showing that ki 1 dodty and weekly savings witl amount to
Targe sums in twe; that money may often he saved by umking cash payinents
rather than paying by tustallinents o buyingg on eredit; that 31 Is more eco-
nowdeal to bay fu reasonably Tacge quannities; thae the eleapest things ave
sometimes the most expeustve o the long rin.

Conusbler the various ways of investing woney : Banks and trost companies;
rei estate; doanhigg money.  Ertablish the cconomie prineiple that the higher
the rate of Interest offered by an lnvestient, the grenter the risk hinolved;
also, that the clement of safety in investments s of fur greater lmlmrtmm- than
the amonut of income from them, ,

The bauk fs the most commonly used means provided for the safekeeping of |
money.  Certain kinds of anks—for instance, gavings binks and trast com- ¢
paties-~not only guarantee to ke care of all money left with them by (l(~__"

pmsitors bhut they also pay o certain per cent of interest, :

When practicable, pupils xhould go to g baak nid ark some oflicinl to show
them abont the hank, Report wlhat wou denrn to the elaxs, Ascertiin what
vthetals theve arve i the ook, and the dnties of endla.

.\l:'ﬁly schools liive found I fnteresting and ]Il'llﬁl:lllh; to orgnnlze achoal
o=, cleetfng the afficers aod carevingg on o regnlar lanking husiness, etther
with siall nmonnts of renl woney plaoced o depogit by pupils and transferred

v ba the tenchier to some hank of trust eganguiny, or with imitation woney, which
can be pade by colting ont rectangular pieces of paper for bitls and circular
pleces for coins. marking on each picee {18 denomintlon,

Teach tne method of depositing money, of drawing checks, of borrowing
money, und of diséanntlng notes.

Not less than one arvithetle perled o week sioutd be devoted 1o the geometry
work.,  The purpese of the work is to teach papils to use the few uechinleal
drawime Instrements which they buy and to acquaint themn with some of the
essettial fondanterttal terms and principles of geametry,

The aim of euch exereise should he eleprly stuted to the puplls and they
should be led, so far ax practicable, to think the snccessive gteps to the eon-
clusion.  In other words, make it a lhinkhlx oxercise rather thun o mere dle-
tution ‘exercixe, ‘ Fncourage pupils to use their inxtruments as much a8 poxsible
fu the mensuration work o arvithmene, in the art work and mnnuul tnnulns
work, nud whenever they will be servie euhh- R

.

GRADE R

FIRKT HALF YEAR.

Review of crgentialr,

Problemis relating to the induatrier of the city and State. Manufacturing
interests of Indianapolls.  Manufacturing interesta of Indiana.  I'roblema met
in certaln lines of work: some railrond problems; foundry problews: problema
of buwh)g and selling paper: making ont a pay roll, i

Paying amd collecting money by checks, drafts, and money orders.

Generallzed arithmetic and ¢puations.

1442°—11—5
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Proportion,

Mental arithmetic.f
. Instead ofs the above, the Latin classes take algebra: however, in these
classes also, drill in the previous arithmetic work so as to maintain efficiency.

In the eighth grade, problems relating to the interests of the city are prepared
and are i{ssued in pamphlet form.

3

S8ECOND lALF YEAR.

Review of essentiala.

Generalized arithmetic and equations.

8tocks and bonds.

Insurance—fire, life and accident.

Cost and snpport of our Government. _Cost of city schools. Cost of city
governnent.  Money raised by taxes. Money ralsed by sile of bonds. Money
raised by special assessment.

In treating of stocks and bonds show that a gréat deal of the wealth of the
country is Invested In the various kinds of business which supply our wants
and minister to our welfare. Name a number of the business enterprises in
or near your community which are owned and controlled by single indi-

«~lidnals; a number In which more than one person have invested their nmoney.

Show that much of the business of the country is now carried on Ly these
corporations—for instance, railroads, trolley systems, and many of the large
mannfactories. The mouey contributed to carry on these industries Is repre-
sented by bonds or certificates of stock. which are bought and sold like land or
merchandise.  Explain the- fluctuation of stocks and the differeuce between
atocks and bonds. . .

l‘uplls can find the market prlce of the more common stocks and honds

quoted In the daily newspupers, and while studylng this ﬁubjcct they should
follow these quotations from day to dny. Explain the abbreviation * pfd.”
(preferred), and the difference between preferred and comuon stock.  Most
railroads aud many other bhusiness enterprises issue thése three forms of
securities—bonds, preferred and common stock.  Puplls ghould study these Qif-
ferent forms of securlties as issued by ,some local corporatlon, a8 a traction
company or railroad. ) )
. The work In stocks.and bonds wlll be limited to the finding of the cost of a.
given number of shares of stock or of a given number of bonds, at a given
market price, and to the finding of the Income from a glven number of shares
of stock or a given nutber of honda.

Insurance should be stndledd for its informational ratber than its mathematl-
enl value, Three kinds of insurance should be brletly and stmply discussed—
lite, accldent, and fire, K

Puplls ‘shouid understand the underlylng principle in insurance; paying a
relatively sumll but carefully estimated sum of money to n company for their

" guarantee tq pay a very much larger sum of money In case of a speclﬂed con-

tingency. . 1.,
They should understand the following terms: Pol|cy, premfum; ‘“straight
Hfe” and “endowment ™ pollcles; *“ good " and * poor ” risks. ‘

The probléms in the cost and support of the Government should be designed
to maintaln and Increase efficiency in the essentlal processes of arithmetic
through constant application and to convey information concerning matters of
local or pational interest, of which all citizens should have some knowledge.
This aspect of the work 18 Uesigned tp corrclate with the work of the clivics
clasg. The problems should afford opportunity for the use of the four funda-
mental operations,with integers, percentage, and some.of its applications.”

-
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SUBCOMMITTEE 2. MATHEMATICSIN THE KINDERGARTEN.

In the early history of the kindergarten as an educational move-
ment, there was a somewhat unanimous opinion current regarding
the direct mathematical training and the instructions to be given to
the children through concrete experiences with Fraebel’s educational

" materials,

The gifts and occupations (the technical names given to Froebel’s
play materials) form a related series planned to meet the creative
and constructive impulses of the child, through activities involving
the analysis and synthesis of geometric forms. The gifts begin with'
the ball (sphere), the cube, and the cylinder, progressing through \
the analysis of these to the study of surfaces, lines, and points. The
occupations are based upon such activities as perforating, sewing, -
drawing, weaving, the folding and cugting of paper, and modeling.
They reverse the geometric evolution, embodying the synthesis of
form from the point, through lines and surfaces, back to the solid.

The traditional method of using these materials in the early history
of the kindergarten tended toward a much more direct process of
instruction, bringing to the children a consciousness of the geometric
relations embodied in the gifts and occupations,

As the modern primary school reduced the amount of’ conscious
arithmetical knowledge and instruction in the course of study for
the younger children, a parallel movement took place in the kinder-
marten.  As a consequence, the more direct method of mathematical
instruction, which the geometric basis of the Fraebelian materials
made possible, gradually gave place to a more indirect approach to
number, measurements, and geometric relations, through a more inci-
dental, organic, and fundamental emphasis upon these aspects of the
materials in the moral activities of werk and play. '

The present tendency seems to point toward a valuation ‘of the
mathematical possibilities of the Froebelinn materials as means to a

" higher end ; that is, as structural, functional, or organic means néces-
sary to realize the playful, the creative, or constructive impulses of
the child through which these mathematical values may begin to come
to consciousness, ‘

The fact that the Fr(nbelm gifts and occupations are based upon -
1 geometric analysis and synthesis of form, need not reduce or inter-
fere with their creative and playful opportunities, except in the hands
of a kindergartner who clings to the formal use of them as a meuns
of direct mathematical instrnction. On the other hand, the very fact
that their structure and use. invelve such unconscious activities as
counting, addition, subtraction, multiplication, and division, some
consciougness of these mental processes and their results wiil grad-
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66 MATHEMATICS IN THE ELEMENTARY SCHOOLS.

ually come to the child whether the teacher emphasizes or ignores -

them.

The very nature of the material familiarizes the child, through
playful concrete experiences, with the mental processes involved in
the solutign of problems in fractions and all the elementary activities
of mathematics which may be brought to consciousness later through
the more direct methods of instruction in the elementary school. To
what degree the mathematical values involved in these playful activ-
ities should be brought to consciousness at the kindergarten period,
is still under discussion, with much less decided differences of opin-
ion than would have been apparent five or ten years ago.

While the structural and functional use of the activities of count-
ing, measuring, adding, subtracting, and dividing seems to be on the
increase, there is an equally evident growth in the appreciating of

the fact that they must not be left to chance experience without due:

attention to ways and means for providing opportunities for further
progress. In other words, there is a decided feeling that in mathe-
matical experiences, as with all others in the kindgrgarten, the teacher
must provide conditions which insure steady progress from the =im-
ple to the more complex, from the unconscious activities involving
mathematical values to the more conscious abstraction of these, aud
to a continnons growth in the appreciation and control of the mathe-
matical possibilities which are normal to the child at this period.
As a knowledge of mathematics in some form underlies all indus-
trial activities of mankind and in the foundation of all true propor-
tion in the art world, the kindergarten brings the child to a gradual
consciousness of numerical and geometric relations, the former by
such features as simple counting, measuring, and adding, as his work
and play may demand, and the latter by the use of the geometric gifts
and not by abstract exercises. In this way the younger children
get arithmetical and geometric impressions incidentally, and the older
children come into a more definite knowledge of mathenutical rela-
tions, and thus begin an intelligent, mastery of the material world.
The kindergarten which represents the progressive school makes
no attempt to teach mathematics in a formal or direct way, since the
child of kindergarten age is not interested in and can not grasp any-
thing so abstract as number or geometric form apart from the use he
may need to make of each in carrying on his play activities success-

' ~fully. But in his experimenting and play with different materinls

he. discovers certain facts in regard to number and special relations;
for example, that if he uses four of his eight building blocks to make
a square table, he has four left to use as chairs. Later he will make
use of the knowledge thus gained, and will acquire further knowl-
edge of the same sort in his efforts to carry out his ideas and pur-

) S
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Often the hand work requires the division of naterial into halves,
quarters, etc., or some material needs to be measured and cut to fit.
Throtigh sudl experiences the child acquires a working knowledge of
certuin satisfactory methods of dividing and measuring material.
Furthermore, he becomes familiar with a number of geometric solids
through using them in building,-and he learns to select the kind that
will best express his idea. The same is true of his work with paper
cut in the form of squares, circles, and triangles. The games some-
times call for the grouping of children in threes or fours, and there
are many occasions when counting is advantageous. The child in the -
kindergarten thus gains considerable knowledge which may be termed
mathematical.  Such knowledge comes at first incidentally and un-
consciously through play, and later as the resu)t of conscious efforts
to reach ends which appeal to him as valuable.

After due investigation an effort was made by this committee to
arrive at some conclusion regarding the amount of mathematical
= knowledge which kindergatten children could acquire, without direct

instruction, through the normal activities of work and play. Asa
result the committee has agreed upon the following:

(1) Ability to count up to 35 or 40 can be secured through the
children's helping to keep the daily record of attendance,

(2) Ability to know and name correctly the sphere, cube, and cylin-
der, and the most characteristic surface forms such as cireles, squares,
rectangles, and the right triangles.

! (3) Ability to know groups of objects up to five or six.

(1) Ability to know, construet, and use intelligently halves, thirds,
and quarters, by the lielp of blocks and the kindergarten oceupations.

(5) Ability to add, subtract, divide, and multiply small numbers
throngly constructive play. or example: (a) 242, 243, 244, 3+3,
B4d, 41, BB (B) 2X2, 293, x4 (¢) 42, 6—3, B—4.

As to method, the comnittee calls attention to the following points:

(a) The concreteness of the work.

(b)) The work is functional and structural,-ns meuns to an end,
through the activities of work and play.

() Knowledge is acquired through self-active experience.

(d) Tn an incidental but not accidental fashion, as a result of
definitely planning the experiences which involve steady progress in ©
thoe use and control of mathemntical facts, the child comes to realil&'
ends that are of worth and interest. o

That a better knowledge of the child is leading to a greater lma-
nimity of opinion is quite evident from this report, since it is pre-
pared by members who were selected because they were supposed to
represent widely different points of view that obtained a few years ¢

*  since. g o
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SUBCOMMITTEE 3. MATIiEMATICS IN GRADES
ONE TO SIX.

I. INTRODUCTION,

As four definite topics were assigned the committee, it was agreod
to divide them among the four members other than the chairman, so
that each could do- intensive. work on one topic. The chairman
was thus left the task of checking each by doing extensive work in all
the fields designated. The topics were consequently assigmed as
follows:

Topic a.—The organization of schools and the general relation of each kind
of school to the others.—Miss Julia Martin, Howard University, Washington,
D. C..

Topic b.—The mathematical curriculum in each type of school.—Miss Iurriet
Peet, State Normal School, Sulem, Masgs.

Topic c.—The. question of exauminatlons from. the point of view of tlw
school.—Dr. C. W. Stone, State Normal School, Farmville, Va.

Topic d.—The methods employed in teaching mathematics.—Prof. Henry
8uzzallo, Teachers College, Columbla Unlversity, New York City.

The reports on these topics naturally overlap in certain investi-
gations.  As originally prepared they contained mumerous graphs
and statistical tables, embodying many scientific data, and only the
exigencies of publication prevent their appearing in complete form.
All have necessarily been condensed for present publication.

The chairman gathered her duata in narrqgver fields, but.in the same
‘way as did her colleagues, namely, by—

(1) Personal conferences during eight months with hundreds of teachers,
met at institutes and in conventions, at teachers’ meetings and study clubs.
(2) Correspondence with teacher friends in almost every section of the United
Statea.  (3) Study of text books and manuals in mathematics, published dur-
ing every decade slnce 1860. (4) Study of methods in mathematics as glven
in all forms of pedagogical writings during the last 50 years. (3) Ex-
amination of courses of study issued by four State departments, five State
norma! schools, slx city systems, and five private schools. (6) Testing severul
fifth grades in one city by means of Dr. Stone's “standardized tests.” (7) A
careful study of examination gnestions issued by teachers, superintendents,
and State departments. (8) A questionnaire glven to about 300 normai-school
students.

The questionnaire was formulated to secure evidence on topics b, ¢;
and d. Plainly, during the last 10 tp 15 years (when the students,
questioned were in grades one to six) arithmetic grew yearly a more
vital part of the course of study, being “the 5llbje(.t most empha-
sized,” being most often “the subject governing promotion,” and
bemg the snb]ect in which the majority of the so-called “ brightest ”
pupils # excelled

The course of study as recalled limits the fundamental operations
applied to both integers and fractions, deaving all “extras ”-to the
seventh and eighth grades. One interesting. fact was the great uni-
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formity in distribution of arithmetic topics; the students questioned
hiad had their early training in at least 10 different States, and in no
les’than 100 different schools.

On the question of examination over 87 per cent had to take ex-
aminations, the majority taking them either monthly or ‘semi-
annually.  In general the examination counted for one-third to
one-half of a pupil’s promotion average. Eighty-two per cent ob-
jected to examinations, usually because the student was “ nervous,” -
“ worried,” “ afraid,” or filled with “ dread,” but occasionally because
the test seemed unfair or caused cheating.

These same students imagine (in a few cases only they “ know )
that only 78 per cent of the teachers favored examinations, fully one-
third of this number favoring them only becanse “ it was a duty to
be met.” At least 22 per cent of teachers are thought to object to
examinations.

The questionnaire gave little help on the question of change in
methods, since students were plainly influenced by very recent work,
or else could not write out the explanations they had once had.
Ratio work was evidently little understood, students almost in-
variably using one as the only basis of comparison. If they had
ratio work since they left the intermediate grades, it must have ap-
peared so difficult that they think young pupils should still he taught
the to-them easier or simpler way of returning to one each time.

The chairman made her report in full before the individual re-
ports were received (or, at any rate, opened), so that the unanimity
of -opinion as to present conditions and marked tendencies in the
teaching.of mathematics displayed in the five separate reports pre-
pared at great distance from one another, based upon different
sources of information, and frequently overlapping, gives one con-
fidence in the validity of the results indicated. '

In recasting the whole for publication, extra effort was given to
eliminating whatever did not bear-directly upon the topic of matle-
matics as taught in<grades one to six of the general elementary
schools, public and private. '

TOPIC A: THE ORGANIZATION OF SBCHOOLS AND THE GENERAL RELATION OF .

EACHE KIND OF BOHOOL TO THE OTHERS.

A fair degree of uniformity marks the organization of schools in
the different States of the Union,.only such variations being notice-
able as would naturally come from difference in (a) age of the
settled territory, () density of population, and (¢) inherited ideals.

First, we note two large classes of schools, publié and private.
The first group naturally divides again into three subdivisions,
namely— o

(¢) Those found in.rural communities, and ecalled “ungraded
schools,” “country schools,” “rural schools,” “district schools,” or
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parish scheols,” according to the locality and the educational sys-
tem. As rural communities increase their wealth, their ambition for
educational advantages, and their interest in educational problcmq,
new forms of thése rural schools come into existence, called * semi- ‘
graded schools,” “consolidated district schools,” “township high A

“schools,” etc.

(0) So-called * graded schools,” found in smaller as well as in
large cities. Such a city system usually consists of an “elementary
school ”—-—elght years of work, divided into primary, including kin-
dergarten if gnen, intermediate, and grammar grades—and. a “sep-
ondary school” or “ high school.”

(¢) Those schools which the State or Government at lnrge sup~
ports, the only ones of these which include grades one to six being
(1) schools for abnormal and indigent children and (2) elunultmy
schools in connection with normal schools and with such State uni-
versities as have a department of education and maintain a ¥ prac-
tice school.”

The relationship between these subclasses of publlc schools is very
slight, rural schools being largely autocratic, in spite of existing
sehool bords and county superintendents, whereas graded systems, also
(nominally) under the jurisdiction of the county qupenntondent are
in smaller cities much more democratic, thongh pethaps plutocratic
in Inrge cities where specialists supervise the work, while schools of
the third class might, in a similar way, be denominated as burean-
cratic. Of course, schools for defectivks, incorrigibles, ete., do not
pretend to employ the same materials of education nor the same
standards of scholarship as do th. other classes of schools. Theo-
retically, if not actually, normal school and university *model
schools ” establish the standards for their State. They are organized
to further a threefold function: (1) * Model ”_instruction for pupils,
attending, (2) opportunities for practice in tmchmg by the studen(s
of the main school, and (3) opportunities for testing out theories R
of education by professors of the different depActments. Different
schools may emphasize one or the other of thesé functions, but the
three are still ever present. Because of the mﬂﬂiodship hetween these
functions, the curricula, the grading or organization, and the methods.
of instruction employed in.a nofmal school, for example, are usually
submitted to the faculty for discussion, so. thnt the result represents

~ 8 “cabinet” concJusion, and tharefore is authoritative; usually,
though not always, being adopted by other schools of the State. -

Specialists who supervise the work in large cities have not the
help of such discussions and must grow somewhat autocratic in the
selection of subject matter and of method, the system being too large *
for them to get the expressnon of teachers in the same way that a
superintendent may in.a smaller city where all of the teachers know
all the phases of worlk and so feel freer to express their opinions.
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Thé rural school is organized with one teacher for all grades and
for all subjects, with many classes to be heard daily and with long
periods between recitations for each individual pupil.  The county
superintendent, with largo territory to cover and with bad rouds and
inclement weather to work against, sees the teacher very seldom ; the
directors are inclined to visit the school still less frequently thau does
the county superintendent ; so that the rural teacher is traly absolute
monareh in his dominion, and, if he profits by his own mistakes,
there is no better training for any teacher than just this independent
hattling with the problems of the professions,

A gla e at-the second class of schools, those not supported by
public funds, reveals very few schools which contain grades one to
siv.  In the United States comparatively few parents send either
bovs or or girls away from home to school before they are 12 or
14 years of age,'so that most preparatory departments in acade-
mies, colleges, ete,, begin with work ranking in difficulty with that
done somewhere from the sixth to the eighth grade. Some technical

schools, trade and night schools, a few philanthropic schools like”

those of the Educational Alhanece in New York and ITull Ilonse in
Chicago. and some private schools like the Lower Shattuck (Ifari-
bault, Minn.), and the Horace Mann and*Ethical Culture Schools of

New York City, contain all thelower grades and deserve our study, but

as these sehools uzually form no part of a * system,” each stands alone
in its organization, and conSequently in its curriculum, both being
largely based upon the aim which actuated the founding of the school.

o ‘
TOPIO B: THE MATHEMATICAL OURRIOULUM IN EACH TYPE OF BCHOOL.

Rural schools have the reputation of doing a greater amonnt ‘of
mathematics in grades one to six than other clusses of schools; and
though the studies made for this paper gave no proof of this, it may
well be true, for sueh a result would be the natural outgrowth of (1)
the old-time emphasrs npon nurthematies ns a test of “brightness;”
(2) the consequent selection of teachers (the “ brightest ™ students of
4 community) good in mathematics, so that they_ probably taught
this xcience better than 'they did other subjects, or, if not, they at
least continned the Olll[)ll.l\l\~ll[)()ll it; and (3) the organization of the
rural school, with its onk teacher, many classes, and much necessary
seat work or independent study. Since ussignments in mathematics
could be ¢asily made and most easily corrected, since to have “ ciphered
through the book ” wqs a mark of dlqtm(-tmn and since pupils wﬁo
had any ambition to.attain this distinetion could thns be kept: “in
order” for long periods, mathematices came to form a major pni’t, of
the curriculum “of the rural school. Prof. W. S. Smiley’s statement ?
that rural pupils are superior to urban pupils is of interest here, even

1 Journal of Fducational I’'sychology, vel. 1, no. 0,

'
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though it deals with eighth-grade pupils, and probably contains some
error in comparisons,

The graded school, with the necessity for meeting the wider and
more varied interests of the city, naturally feels that other subjects
~must be given equal prominence with pathematics.  The organiza- ]
tion of the work usually permits one teacher to have a single grade,
with two or at mniost three divisions in a room, so that long study
periods are unnecessary. These two influences tend to make mathe-
matics less prominent in city systems than in the rural districts.
Changes in method, usually first adopted by city systems, also con-
tribute to changes in the mathematical emvriculum, <o that we usually
find graded-school curricula placing mathematical topies from one to
two yedrs farther up the grades than do rural schools.  One influence
that has been strongly felt in' this postponement of diflicult subject
matter is that of the kindergarten, comparatively recently made a

* part of public primary education, it having begun as an independent
factor. Before this, the tendeney had been to push subjects lower g
and lower into the grades to nreet the demands of the seeondary =choul

“Which in turn was dictated to by college and universityl Ot of the
conflict which naturally ensued there has arisen much earnest thought 4
and discussion over the mathematical earriculum of the ¢ommon
school, no decision as yet being reached.  Nevertheless, through .
examination of courses of study and through the retarns from some
questions propounded to normal-school students, it appears that

. within a small range of variation the schools of the United States
have fallen into a fairly uniform course of study in arithmetic.

A study of testbooks in common use shows a very marked change
throughout the course in the sort of problems given as means of
applying these fundamental operations.. The latest and best arith-
metics choose material closely related to daily life, so that c¢hildren
can not fail to feel a greater and more reasonable need of the me-
chanics of mathematics—a more “ rational motivation” for the sub- .
ject than pupils of the past could ever have felt.

TOPIC O: THE QUESTION OF EXAMINATIONS FROM THE POINT OF VIEW oF
‘ - THE BCHOOL. M
¢

r

The writer's report on this topic is less valuable than on the others,
because (1) the topic seemed difficult of interpretation, (2) the ques- '
. tionnaire given failed to limit the question to examminations in mathe- '
. matics, and (3) the student’s ‘answers about time spent, eta, prove
unusable. ’
To get the view of “the school ” it was decided that ene must khow
" (1) the view of teachers, both from their own and their pupils’ stand-
points, and (2) the view of superintendent and supervisors whenever
such view proved more represéntative of the “ school’s” attitude than
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- did tho feeling of the teachers. Finally, the report is based upori very
limited resources, viz: (¢) The study of a few books or chapters
dealing with the reasons for giving examinations: (5) an inspection
of some examination questions given by different schools and State
departments of education, (¢) the giving of Dr. C. W. Stone’s tests
to a number of classes, and (/) such general information as a teacher
naturally acquires during several years’ experience.

¥ven to the present time examinations have been ranked most
highly, but for different reasons by different schools. Some feel
that the value lies in the mark obtained by the pupil. this mark being
inade a definite test of his ability, and upon it depending very largely
lix rank in elass and his readiness for promotion. This belief causes
great stress to be Iaid on * finals.™  Others deem the practice in or-
mnizing-guickly, in(()linkin;z clearly, and in expressing accurately to
be the main value of examinations. This theory tends to the use
of monthly or biweekly examinations.” Still other schools find the
worth of examinations to lie not m a: benefit to the pupils (save in-
directly), but to the teacher, giving her, as they do, opportunities to

- check objectively har subjective ranking of pupils and of class prog-
ress.  In this case, the examination papers are never returned to
pupils, the teacher merely noting errors on which to work with botlf
class and individuals,  Yet other schools stand strongly for more or
less frequent examinations, because of the chance this gives the su-
perintendent to check the results obtained by different teachers, and
to locate the cause of. any unusual divergence from the norm,
whether the cause lie in the teacher, in the pupil body, or in the
course of study.  Other reasons are advanced, but these are sufficierit |
to tllustrate thejr variance,

The present attitude and seeming future tendency concerning ex-
aminations 1s to rank them as valuable, but to let the value, and the -
consequent use made of the papers, be controlled wholly by the aim.

. The benefit to the pupils arises largelv through practice (1) in sepa-
rating essentials from nonessentials; (2) in clarifving a viewpoint °
through the enforced expression of it, or perhaps through its defense;
{3) in learning to interpret the printed or written page independently,
i. e, without the teacher’s voice or eye or gesture to guide; or (4)
in merely being tested upon memorized facts, which, though not the -
most vital thing in education, are yet the basis for all compuring,
relating, and judging that are to follow. With this aim the tests
should be. frequent, should be carefully looked over by the teacher,
and very soon thereafter should be made the basis of further class or
individual instruction.

One proof that the first three forms of practice are growing in im-
portance to teachers is found in the very different sorts of questions
asked to-day from those of a decade or more ago. The earlier purely

-. . .
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4 . MATHEMATICS IN THE ELEMENTARY SCHOOLS,

memioriter questions are giving place to those which require old
knowledgre, not as isolated bits, but as knowledge to be utilized in new
situations, to be marshaled quickly at will, and arranged logically,
L ¢, to questions which demand thougi, judgnent, choice, defense of
opinion, etc. /U

Those tests, examinations, or parts of exnminations whose purpuse
15 to hielp the teacher check her judgment of pupils and test the por-
tions of subject mntter tuught as to their relative value in giving the
pupil ideals of and practice in persistence, honesty. independent
thought-power, ete., need not be returned to the pupils.  Though the
teacher seems by this means to be saved considerable Iabor in check-
ing errors, attempting to grade each paper justly, ete., the con.
scientions teacher has still the tusk of noting errovs auid classifyving
them in various ways: for example. ervors due to lrnorance or to

carelessness; those relutively important or untinportant : class or indi-

vidunal errors; errors to be immediately dealt with or those which
may better be handled each time an opportunity offers und so must
be kept constantly in mind.

Were the correeting not =0 burdensome. wiiny teachers would ip-
crease rather than decrease the frequeney of examinitions, especially
if the time could be set and the questions made out by the teachers
themselves, . The greatest complaint about examinations cogies fron
teachers who feel strongly that questions madé ont by any other per-
son than the tencher of the children tend to bevome of the mechanical
or memoriter type. Particularly is this resguted when questions hiave
so become, and when no latitude is given eithgr pupils or teachert,
i e.. when no account (in a harge svstem) is taken of the personal
cquation, and when teachers and pupils are measured by these (est<
alone.  As superintendents and supervisors make broader studies in
these fields, they recognize the need of allowing for individual diffor-
ences and the cause of the ahove complaint i fast disappearing,
Without doubt a movement in the right direction is being made by
Dr. Stone and others who are working ont standardized tests, and
it is hoped that this work will continue, being constantly improved
and made more far-renching in its etfect. That superintendents find
the returns as valuable in checking up their teachers as teachers do
in checking up their pupils must be recognized by Wl

To summarize, then, little change is seen in the value placed upon

examinations; but marked changes are occurring in the type of the

questions. The formal, lengthy, memoriter tvpe which counted much
in promotion and class ranking is rapidly changing to the type which
is only another means of teaching, another form of recitation, n test
similar to that which life daily demands of us, viz. to know some
things perfectly, to relate these things to new situations, and thus
quickly to solve new problems.
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TOPIC D: THE METHODS EMPLOYED IN TEACHING MATHEMATICS.

In no other ficld under discussion can tendencies be more clearly
noted than in this one of metheds.  Though many methods are still
in use, there'has been within a decade a most deeided veering from
mechanical rule-of-thumb methods to thonght methods,

The present chaotic state of our methods in mathematics seems
due to a number of causes, some of which are (1) the various views
of what number is: (2) difference of opinion as to what shall be
selected from the whole field to be tuught in grades 1 to 6 of the
clementary school; (3) the bondage we gre in to past ideals: (4) the
mertia of the school itself or the .\]()\\’111-4 with which a great institu-
tion like the school changes: (5) recent marked progress in the indus-
trinl world, demanding ditfevent life preparation of elementary
school graduates: (6), social progres<: and (7). though by no means
least the ‘great demand for teachers, a demand so urgent that we
press into serviee vast numbers of immature girls who, though earnest
and zealous, yet Lick that higher and broader professional training
spoken of by Miinsterberg which makes a teacher see the, nims of
edueation and kngw well the means available for meeting these aims,

The many methods which these canses produce may. after all, be
classed into two main divisions—mechanieal and thonght—though
it i~ troe that most niethods are a decided misture of the two.

By mechanieal methods we mean such as emphasize the s¢mbol,
the form, the expression. to the subordination, or even exclusion,of
the thought, the content, the meaning.  In direct opposition to this,
thought metheds, while not ignoring expression, lay greatest stress
upon meaning,

Though the various views of what number is give a very different
content to the number symbols in common use— that is, 2 may mean
how many. how much, location in a series, the ratio of one mag-
nitude to another, ete., according to the individual's view of the essen-
tials of the number idea—vet, thought methods ever give this content
first place, whereas mechanical methels center about the symbol. It
i5 to be noted. however, that the human mind tends to make auto-
matic, mechanieal, or formal whatever it can’ That symbols, then,
incline to sitpersede meaning is due to very natural canses: (1) All
must admit (a) that conventionalized symbols are needed to insure
race progress, (5) that the higher the degree of conventignality the
further is the symbol removed from it#¥meaning. and, consequently,
() that with this grenter conventionality there is increased danger
that the child may never get the meaning, that the symbols will grow
to have undue importance to him so that he may, indeed, become a
mere juggler with figures; and (2) if it is admitted that even any
part of the science of number denls not with things but with rela-
tions of things, it must readily be seen what difficulty children have .
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in- giving symbols any real content. Therefore has the teaching of
the past, in a more or less conscious effort to meet children's needs,
vacillated from too abstract teaching to teaching so concrete as to
hide relations, or, in other words, from no attempt to make children
understand, from avoiding content and giving rules and form to be
mechanie allv learned, to snch profuse and such long continued use
of objects in trying to give a content to munbor thut thinking has

" been retnrded.

Rut that, in spite of our keeping away from either extreme, there
18 still an inevitable tendency among pupils to become formal even
in what seems real thought work was proved sadisfuctorily to a
group of ob=ervers who gave Do C. WL Stone's tests to one class of
pupils, and. a month luter, yave the same children the thought-test
problems which they had not done, nt- the blackbourd where work
could be watched and where there was a chanee to question the pupils.
Wa were convineed that many of what seemed like thought JrocesEs
really went off mechanically when the cue was at hand.  Additional
problems were given to the childven. among them, this: A muan
hitches up a horse to.n buggy and drives three hours at the rate of
six miles an hour.  How much farther would he have gone if he had
hitched up two horsex? Al but one child doubled the distance, This
child thought “ no farther.”  Questioning this one child brought out
from the others that the two horses would help one another so that
some more dixtance would be covered. but certainly not double the
distance. Another prob]om trieed with many more individuals was
tht following (changed. in different eases, to sheep or dog on two or
on four log\) If a duck weighs three pounds when it is standing on
one leg, what does it weigh when ~tanding on two? It iy the excep-
tion to receive any other answer thdn twice the original’ ber of
pounds,

Thongh this remarked tendency to cast even the thinking

Xnto

" habitual forms'must ba watched thronghout the carly years of sehiyol

life, it yet mmust be agreed that life demands that wo learn nfany
processes automatically. The error of the past was that
processes were the beginning and the end of the teaching,
thorougl study of method in all fields shows us that me
passed through three stages in the development of \any field:
(1) Simple or natural art, or mere manner of doing He deed;
(2) conscious attention to the method, runnmg into sciente
(3) art again, finished art this time.

Methods which are predominantly thought methods plnn (1%-that
pupils begin with content (having first felt some sensible reasay for
approaching the subject) : (2) that they then pass to a use of symbok
to be handled automatically when expediency demands it, emplovmg
.8 partxcular form of expression only because that form best, expresses

Al
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the thought held; (3) tlmt. pupils are encouraged in flexibility of
expression as well as of thinking, the former, however, always being
controlled by the latter; and (4) that ]mpils are given many oppor-
tunities to exercise choico and Judgnwnt in applying the knowledge
gained to life situations.

(lumes, p]u_\‘, and construction work are some of the means em.
ploved by many grade teachers to give content to, or else a rtionsl
motive for, many phases of number work, e. g.. inmber combinations,
United \tntes money, and fraction study.

During fhe current year the writer has witnessed the (ouchmg of
some arithmetie lTessons dealing with (1) finding areas, perimeters,
ete.s (2) subtruction; (3) areas of triangles: (1) fractions: (5) com- |
wereial disconnt; (6) interest: and (7) insurance.  The methods
emplived were mainly tlmnght methods, for -each time such an
appeal was made to pupil® acquaintance with life situations as to
nake the plan in common use a most sensible one to the ¢hild, a
plan he might even think out by himself, and never have given to
him as a ruke to be learned. The symbols or forms of expression
grew from the children’s hunting the best expression to say what
they thought, and thougly they were plainly guided into adopting
conventional modes of expression, the pressure was:ever from the

thought side,

: \I(“{o.n psvehology, which emphasizes the formative as well as
the revealing function of expression, enables us tu seleet our methods
of procedure as well as our mathematical curriculum with much more

. reason than did owr predecessors in education. Though in the main
content should precede form, theve will ever he found sitnations which
demand form before content, or if not before content, at least without
content. at the tinge of use. When thonght methods are in the main
employed in the presentation %such work the teacher is first sure
that she has the content hersel® then she presents the process in a
way to make pupils recognize its rationality, even though they can
not and perhapsshould not be asked ta explain; drill follows, and vet
demands on thinking are made throughout; applications continue
the thought work, but the wise teacher patiently waits for maturity
to bring full interpretation. (Long multiplication might be cited
.as an 11]nstml|on of such work.)’ .

Kinally, metheds of teacljing arithmetic, besides depending upon
the subject matter chosen by makers of the curriculum, vary accord-
ing to the aim of teaching mathematics held by ihe teacher, the school,
or the community—whether the end of it all is technical skill for
utility or economic purposes, whether it is formal discipline or cul-
ture, whether it is to interpret the quantitative side of life experi-
ences, or whether it is a union of all these aims. Furthermore, the
still more specific method selected for each recitation in mathematics

i .
i .
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is determined by the narrow result desired or the means at hand for -
realizing this enfl, and hence often is, or may be, (1) objective, con-
crete, and rationally motivated, if a new topic is to be developed; (2)
‘abstract and mechanical, if drill or mere repetition is the object; and
(3) objective again, and full of original thought work, when appli-
cationis the motive. ‘

Ik conclusion, then, it appears that (1) the aims of teaching mathe-
matics, the selection of subject matter, and the methods employed
are constamtly acting and reacting upon one another, so that a study
of all is necessary to an understanding of one; (2) that topics in

 arithmetic for grades one to six are being rationally motivated, and
procésses are being steadily rationalized to the child; and (3) that
thought methods are gaining ground. s § oY

é

II. THE ORGANIZATION OF SCHOOLS AND THE GENERAL RELATION
OF EACH KIND OF SCHOOL TO THE OTHERS. 3

A. EXTERNAL ORGAKIZATION OF THE ELEMENTARY SOHOOL.

-

The present organization of the elementary school is very difficndt |
to describe, because of the many favtors that have contributed to its
upbuilding and the grent variation that exists. We have no central
school organization in the Unitéd States; each’ State is suprem® in
educational matters. The work of the United State$ Burean of Edu-
cation is advisory, instructive, and inspirational. Tt collects and
publishes statistics in regard to educational matters at home and
abroad; it publishes many fine articles and documents; but its greatest

v power lies in the way it unifies and shapes the educational thought of
the country.. School'legislation isin the hands of the lawmaking body *
of each State, and the executive authority is vested in a State depart.
ment. The officers of the State department are State superintendent
and State board of education. The duties of the State superintendent
vary in the different 'States, but in general, he has charge of the
certification of teachers, State institute dephrtment, collection of

- " statistics, the mdking of a course of study for the rural schools, pub-
lishing of bulletins on teaching, publishing of n annual report in
regard to the work of the schools, and the apportioning of school
" funds of the State. In the States where the office of State superin-
tendent has-been dignified by giving it large opportunities pnd
" supreme authority in carrying out school matters the position '}
one of ‘great honor and the educational ‘affirirs of those States are
, ~ on a high plane. ' 2
\ The State board of education varies in its powers and function’.

In some of the-States it has entire charge of the normal-school system
(Michigan, Illinois, Massachusetts, and Connecticut), while in others’
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its duties are conducting examinations and certificating teachers
(California and Kansas). In the States where the board is made up
of educators rather than politicians the influence is marked.

The political division of the State is the county, and the educational
organization has the same unit. The county officers and the county
organization vary sectionally. In the South the county is the smallest
political unit, while in the North the county is divided into towns or
townships, and in most States the townships are divided into school
districts. The reason for this difference is historical and industrial.
The southern colonies had the county unit probably because of the
method of holding land. The large plantations gave a thin and
scattered population, and thus a largegrea was necessary for a unit
of government. Elementary educntiof in the southern colonfes was
largely in the hands of private schools, and not until after the War
of 1861 did State organization of school systems becciue -universal. -
b The county following the political division is generally*the unit of
school organization at the South. Louisiana calls the county the
parish. . )

i The county school organization is in the hands of a ounty
| superintendent or coupty commissioners and a county board, some-
times called board of examiners, in all of the States except those of

New Kngland. The office of county superintendent is generally an

elective one,! and the duties vary from mere clerical work to resl
supervision of school organization and classroom teaching. ¢ The
county superintendent of schools shall have the general superintend-
ence of the public schools in his county, except those in the cities which
are organized under special law and those in special or independent
school districts, and shall visit each public school under his supervi-
sion. He shall at such visits carefully observe the conditions of the
school, the mental and moral‘insteuction-given, the methods of teach-
ing employed by the teacher, the teacher’s ability. and the progress of
the pupils. He shall advise and direct the teacher in regard to the
instruction; classification, government,.and discipline of the school
and the course of study. He shall keep a record of such visits, and
- by memoranda indicate his judgrhent of the teacher’s ability to teach
and govern, and the condition and progress of, the school, which
shall be open to inspection by any school director," tetes
The*county board of education in many States together with the
county superintendent has charge of the examination of teachers for
" county certificates, : ’

s r

1 Exceptions : Pennsylvania, township trustees elect county superintendenit New Jersey,
Missisalppl, Virginia, State board of education appoints county superintendent. Delaware,
Florida, govefnor appoints county superintendent. Alabama, State superintendenmt ap-
points county superintendent. North Carolina, county hoard of education, -clerk of
supreme court, register of deedn appoint county superintendent.

% Gencral schoo) law(.'pj North Dakota, 19‘99., s

1442°211—§ . o - ’
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In the South, where the county is the educational unit, the duties
~ of the executive officers are quite different., The cdunty organization
~ of schools in Kentucky is quite typical, and is as follows: “ Each and

every county in this Commonwealth shall compose one school dis-
trit * * * and shall be confided to the control of a county board
of .education. The county superjntendent of schools, county judge,
and county attorney of each county of the Commonwealth is hereby
created a commission to divide their respective counties into four dis-
tricts as nearly equal in area as is practicable. * * * Each edu-
. cational district elects, at ifs regular November election, one member
of the county board of éducation. These four members, together
with the county .superintendent, comprise the board of education,
and have entire charge of the schools of the county.”!

#The township organization of schools is but a merger of dl%trlctq,
with practically the same rights and pr1V1lege9 as were invested in
each of the original districts. The officers are chosen at the annual
town meetings by all the electors, or, as is sometimes the case, the

" township is the unit of school government and the schools are made
uniform throughout its extent. Maine, New Hampshire, Vermont,
Massachusetts, New Jersey, and Indiana have & compulsory township

p orgrhization by legislative enactment. In at least 21 other States

there is permissive legislation.” ?

The district is the smallest unit of organization and is found in
some form of other in a large number of the States. This unit grew
up in New Endland. The Puritan’s spirit of détermination to pro-
vide education for his children and the inconvenience of Eendm,v_r
-pupils a long distance to school, gave ug the district schoolhouse in
each settlement. - The-families sending their children to the school
constituted the school district. Its size was a matter of convenience:
When the' New Englanders migrated to the West they took their
school unit with them, making it more definite in organization and
more suitable to the land holdings in size. The district to-day is a
definite division of the tnwns;hlp and is presided over by three
officers elected by the voters of the district at an annual meeting.
The annual school meeting is the most perfect democracy we have, as
it elects its own officers, fixes the sum of money to be raised, and votes
the number of months of excess of the schonl year prescribed by law.
The ‘term of school office is generally three years, and the officers
have power to employ teachers, handle the funds of the district, and
provide for the care of all school property. : .

The, great industrial changes in this country, the large movement
of the rural population to-the dities, and the settling of large numbers
of the foreign immigrants in the cities, have made the district organi-.

. 1 Génernl school law of Kentucky, 1908, - '
3, ? History of education in the United sum‘ Dexter, *

e : , B
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zution in many regions unsuitable. The large number of district
schools with less than ten pupils has meant great expense, poor
facilities for work, and unsupervised teaching. The State superin- .
tendents are urging upon the people the reorganization of the district
and the consolidation of weak districts. The township unit is
probably the unit of the future. Massachusetts solved this problem
as early us 1882, and the other New England States have followed
her example. “The school district in all towns in the state are
abolished. * * * Every town shall choose by ballot at its annual
nreeting a supeﬁntendir&school committee of three. The manage-
ment of the schools and the custody and care shall devolve upon the
o6l committee, which shall annually elect a superintendent of

sghools, who shall not be a member of the committee.”! This law
. dpes not apply to towns authorized to control school matters accord-

ing to special conditions as in large cities. The Maine system is quite

typical of township organization derived from the district organiza-

tion. “Thetschool committee of two or more towns having under

their care and custody an nggreite of not less than 20 or more than

50 schools thdy unite in the efyployment of a superiitendent of
schools, pravided they have been 0 authorized by a vote of their own
towns at a regular town meeting or a special town meeting organized
for that purpose.”?
Every State has made special laws for the organization of city
schools, and in many cases special charters have been given certain
" cities to meet unusual conditions. The city unit is ususlly a collec-
tion of districts. It is governed by a board of education and a super-
intendent. - Other than this there is little uniformity ‘of organization.
The city boards of education vary in number from 3 members to 84,
but a very common number is 9. The superintendent is elected by
“the board of education and ig its executive in all matters pertaining

.

to the workings of the school. '
. B. INTERNAL ORGANIZATION OF THE ELEMENTARY SOHOOL.

The term elementary school has various meanings. In the Eastern_,
States it refers to the first nine school years or grades; in the South
it usually means seven grades; and in the North and West eight
grades, These grades or years are usuul’]y divided into four primary
grades and four grammar grades. 'There are, however, other organi-
1. zations, a8 in Tennessee, where the grades are defined by law, as

. follows: " '

The course of study in the primary echool shall consisb of five_grades and
the course of study In the secondary. schonl shall consist of eight grades.

~

! Lawe of Malne relating to puhlic achools, 1009,

: : " *Report of public instruction. New Hampshire, {008,
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¢ * * Puplls completing the ﬁrst-year grades and attaining proficiency
therein shall receive a certificate from the State superintendent certifying that
the holder has completed the primary-school course, which shall be counter-
signed by the county superintendent and d!strlct irectors and the teacher or
teachers of the school. and shall eatitle the holdér to enter the sixth grade of
the secondary school of any school diptrict, or 6f the high school of any high-

- school district. The county .high schools shalf be graded by the hoard of edu-

cation under the general regulntion of the Stute suberintendent sud super-
vision of the county superintendent, beginning~with the sixth grade. shall he
adjusted for the admission of pupils who have tompleted the five grades of the

primary school&' S

The coordination of the elementary school with the secondary
school has been perfected in many States by a county or State leav-
ing examination. This examination is given by the county board of
education’and all papers are rated by the county board. The exami-
nations are the same throughout the county. A pupil receiving an
~ elementary-school diploma of this character is allowed to enter any
high school of the State without further examination. In California
the law is as follows: ~ ' N '

The courses of study for the day elementary schools of C:;llfornla shall em-
brace eight years of instruction * * ¢ except in city school districts having
boards of educntion, the county or city and county boand of edutation shall

' provide for the conferring of diplomas of graduation by examination -upon the

pupils who have satisfactoriiy completed the course of study provided for the
day and evenlng schools of the country or city and céuntry.

The States that have provided for the coordination of the elemen-

* tary school with the high have raised their rural schools to a higher

lane. The teachers who do hot succeed in preparing their last
classes for these county examinations soon find that there are no
schools needing their servicks’ Many schools look forward to the
.elementary-school graduation with as much pleasure as to the high-

. school graduation. s

" Some: of our best educators aré recommending a six-year ele-
mentary school perlod to be followed by a six-year secondary
school. This plan has many arguments in its favor. The pupil at
the close of the sixth grade shotuld be between & and 13 years of age.
Those that are under grade average about 14. Thc) under-grade pu-
pils are in generak the ones who leave school as soon as the age limit
of compulsory education is reached. Nearly all of the States make.
the age limit 14 years. It would be an incentive to good work and
regular attendance for the pupil to feel that graduat'on and a di:
ploma are withyn his reach. From 12 to 14 there is a marked change
in the ability of pupils to think and to grasp the meamng of prob-
le e teacher who is a specialist 4n his line of work appeals to

"the pupll This ig shown in the marked success of the departmentad

lah for the grammar grades. Looking toward a six-year high scheol

% et U Public ccho&ilnw of Tennéssee, 1909 o
".\( <., "Bchool mn of Califgrnia, 1909, . o 8
M - ’lui t “ . A
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a number of qur schools already have a seven-grade ;e]ementar'y school
and a%ive-year high school.: The Horace Mann $chool of New: York
City finds the latter an admirable scheme of orgzmuutlon

- -

0.' EFFECT OF THE ABOVE UPON THE TEACKING OF ARITHMETIC.

® 0
This report is particulatly interested in the effects of the organiza-
« tion of the schools upon the teaching of arithmetic. *There is not
(()1111)1Lte agreement among teachers as to the extent and character of
the number work of the first school year.”* All schools, rural and gl-
lage, agree in general as to the amount of arithmetic to be covered in
the grades, but the grade where formal arithmatic shohld begin, the
way arithmetie should be taught to the young child, and the grade
where arithmetic should be completed, are unsettled. “ For the first
half year the work should be mainky oral snd largely incidental to
other school exercises; especially to the construction work.” ! )
“'Fhere should be no formal number work in this grade.. In con-
nection with the general oral lessons and occupation work many facts
concerning the sunplu number relations are informally presented
<and acquired,”*" -« ° ‘ Y
» 4 Arithmetic grows out of other school exercises and is applied in
problems of construetion.™?
*In grade one the children repeatedly dlscovvr nunierical rela-
* «tions through counting. In grade two numerical relz}tmns are further
revealed through work with measures. Grade three'is a year of drill
in number ‘facts, the teacher resorting to the use of Measures only
when necessary.” Grades four, fxvé and six are drill vears in the pro-
cesses and operations, with an’ increasing amount of upphe(l arith-
smetic.  In grades seven and cight pupils should increase in facility
through -abstract drill and in power to reason through applied drith-
metic.” 4 . . )
In the course of study prepared for the rural schools of Michigan
. the entire work of the first four grades is oral, and the work of the
first two places the emphasis’ on sense traifhg.. In the course of
study prepared for the Distriét, of Columbia the first year 4s given
to sense training. In the schools of San Francisco all of the work '
. of the first grude is oral. It includes counting, addition, and sub-
traction; with nine as the limiting number. In the trummg school
of the Muhxgun State Normal College the first year of the arithmetic
course is devoted to sense training. “ Not to put arithmeti€ as a topic
in the first grade is to make sure that it will not be seriously or
» systematically ‘taught in nine: tenths of the.schools Of the country.

‘

t Courne, of study for the common schools ot Nlinois, 1007, , .
? Courne of study, Denver public schools.

? Course of study, Cleveland public schools.

¢ Cotrse. of study, BDoston public schoola.
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The average teacher, not in the cities mexely, but throughout the coun-
try generally, will simply touch upon it in the most porfunctory way.
Whatever pf scientitic s(atlsu(s we have show that this is true and
that childrén so taught are not, when they enter the intermediate
grades, as wel® prepared in arithmetic as tho% who have studied the
sub;ect from the first g’mde on.

“ Furthermore, while it is true that the.essential part of mltlnnetu
can be taught in dbout three vears, it can not for psychological regs
sons be as well retained if tnught for only a short period. The in-
dividual needs prolonged experience with number facts to llllpl‘(hs
them thoroughly on the mind."!’ A

In regard to the completion of arithmetic there are three positions
taken : First, that arithmetic should continue througlh the eight grades;
second, that arithmetic should be completed in the scn\nth grade and
algebra or geometry-given in the cighth grade; and thud the simul-
taneous teaching of arithmetic and algebra or geometry in the eighth

and, éighth gludm but introduce the use of We equation in the fiftle
grhde and give in_ the *seventh and eighth grades some descriptive
geometry in connectian with mensuration. This gourse seems to
make the necessary preparation for high school work.

: grade, The inajority of schools teach unthKLtlc through the seventh

s D, ELEMENTARY PRIVATE SCHOOLS.

.The private elementary schools are few in number. They are gen-
erally organized in contiection with the private secondary schools as
‘the eleriientary department. The private schools of the country :n‘k(\j
largely located in the East eand South. | Their pui‘pose determines the
organization and course of study. “The school aims to offer educa-
tional facilities fully abreast of the changing conditions of m()del n’
life; to retain those features of scholastic work that experience has’
stamped as sound and efféctive; to inaugurate promptly such plans -
as local conditions may require.”? “ The purpose of the school is to
maintain a High érder of tnumng——mental moral, and physical—to
both boys and girls of the pnmarv, murmedmte, and high wchool
grades:® -~

“The object of the school is to give thorough preparation for col-
leges and universities and at the same time to give instruction in
those branches of an Eng]lsh education necessary to success in the
ordinary pursu‘xts of life.”

*“ The formafion of character and. not the acquisition of knowledge
8s an euaml‘n itself is the chief purpose of the school—a purpose

ngvld Eugene Bmith: The telcblng of arithmetic. Teachers (‘ollege,‘k ‘olumbla Uni-

L ve ity Preéas.

¥riends 8chos!, Baltimore, Md .
'Frjenda 8chool, Washington, D, C. ' .
¢ University School, Montgomery, Alg., & .
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which the home and school ‘should punsue together, in close cooperu-
-tion with each other.”?,

~ *The title ‘Urﬁvcrmty School ’ partly explains itself, for the
schools™first aim is to thoroughly prepare boys for college work.
The second.partlculnr purpose of ihe school is physical and moral
development iy connection with mental work.”*

. “The end s&‘up is a social, an ethical one. The means taken to
nttaiq?is aim are: First, the inculention of the democratic spirit.
* ¥ Children of the rich and poor and of different nationalities
and races are to meet together and’learn to respect one another, bath
in their work and their* play; secondly, the awakening of serious
intellectun! interests and enthusiasms in order to connterbalance the
pleasure-loving and self-indulgent tendencies; third, the awaken-
ing of the spirit of social service by enlisting the interest of the -
students in the work of settlemerits and neighborhood louses with
“whiek the_school is in touch; fourth, the building up of # largely
hnmanitarian ‘and ideal purpose to“nrd which all lines converge.”

And thus to give the aim and ()rgumzatwn of the prlvnte school is

to write all the individual means of carrving out the yarious aims.

In ge;erul, the organizagjon.and qgurse of study are 'the same as in the ..
public elementary.school. In p]nco of emphusm ench school shows

its own individuality in carrying out the purpose for which it was
orgmuzed The varintion in amount of arithmetic taught and time
aiven' is quite similar to that ‘of the public school. :

.M. THE MATHEMATICAL CURRICULUM IN EACH TYPE OF SCHOOL.

Information concerning the course of study for the*first six years
of the elementary schools was obtained from the replies)to a question-
- naire sent to all States and leading cjtics and from an exnmmntlon
of o large nuiber of printed courses of study. .
- Of the 48 States and Territories to which quoqtmnn'nros were senty
40 were-heard from either. ditectly throngh the State superintendent
or from a representatne city within the State. The eight from whom
no peplies camne were in all cases States of small pppulation. Of"the
25 largest’ cities, 24 replied; of the 50 largest, 37 replied. The total
. number of cities heard from was 52. The total number of question-
naires sent out was 200; the number of usable rephe‘a, 9.
The replies from'the leading private schools were limited and, as
] far as they could be 1nterpreted differed but little from those of the '
public schools. The replies from the State superintendents were
mndequate owing to the impossibility of making generahzntlonq
npon the work of a State where there is of necessity, with few excep-

1 Fruncis W. Parker School, .Chtcago, 111
: 2 University School, Cleveland, Ohio. )
. . » 3Ethical Culture Bchool, New York City. ! . ¢ -

i,-, S .
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tions, great variability in the courses of study. The most valuable
. replies wete those from the leading cities of the country. A statis- -
tical rdport was therefore made from these. The 52 city school
systems which formed the basis for the work represented in the
nggregate 2,480,000 pupils. Every ‘section of the country was repre-
sented, but the most dengely. populated States, such as New York,
I Pennsylvania, Ohio, and Massachusetts, were proportionately largely
*  represented. b .,
The questionnaire was in three sections. The first section nsked
for the means employed to broaden the scope of nrithmetic, the second 1
for means used to narrow the field, and the third asked for ‘specific
information as to the time the study of number was commenced and
the year in which different arithmetical topics wese studjed.
The questions as to the means employed to broaden the scope were:
. (1) Are geometric forms studied? (2) Are.the equation and a lt-

. eral notation used in®the solution of problems? (3) Is the applica-.
tion of number to manual training emphasized? To geography and
nature study? To practical affairs? (4) What other means are
used to broaden the scope of aritlietic? ) )

In reply to the questicn as to the means used to broaden the scope
of arithmetic through the study of geometric forms 72 per cent of.
the school systemg replied in the affirmative, 23- per. cent were in
8 qualified affirmative, such as “somewhat,” “a little,” making a
total affirmative of 95 per cent and a total negative of 5 pér cent.

< The quesidbns on the equation and literal notation were, it was evi-
. dent, und®rstood to include seventh and eighth grades instead of the

des within the limits of the investigation. The replies, although -

-of Httle value for this report, were as follows: Affirmative for the

use of the equation, 51 per cent; qualified affirmative, 36 per cent;
negative, 13 per cent; affirmative for the use of a literal notation, 9

per cent; qualified affirmative, 50 per cent (all labeled for seventh

and eighth grades).; negative, 41 per cent. In reply to the question

on the application of number (1) to manual training, 50 per cent

. of the school systems repliedin the affirmative; 35 per cent with a
qualified afirmative “ somewhat” making a total affirmative of 85

_ - per cent and a negative of 15 per cent; (2) to geography and nature
. study, affirmative, 50 .per cent; qualified affirmativg, 18 per cent;
total affirmative, 68 per cent; negative, 32 per cent; (3) to practical
‘affairs, affirmative, 95 per cent; negative, 5 per cent. "Pypical replies
.to,the fourth question as to other means used to broaden the scope
of arithmetic were: “ Our tendency is to concrete work in all grades -
in terms of a child’s experience;” “Data for exercises taken from .
-+ * acttal measurementsand actual affairs;” ¢ Pragtical affairs cover the
nd;” “Arithmetic throughout is considered a social study;”
4% of actusal tax bills, gas bills, water bills, etc. (.fows borrowed

820 ° 4 "
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from public service companies) ; * “Aritlimetic not valued as formerly
for its worth in discipline, but it is being made very practical;”
“ Connected with home life and local industries.”

The questions on -the means used to narrow the field were: (1) l)o 4

von have the children do more work with small numbers and less ‘

* with numbers in the millions than formerly? (2) Do you teach only
those arithmetic topics for which children have immediate use, ex-
cluding such topics as interest and wall papering? (3) Other
tendencies?

Of -the replies as to the use of smnllor numbers 91 per cent were
affirmative. 3 per cent quajlﬁed affirmative, making n total affirmative
of 94 per cent and n negative of G per cent, In reply to the question
on the choice of those sub]ectq for which the children had immediate
use, 44 per cent replied in’the afirmative, 32 per cent gave a qudlified
affirmative, making a total of 76 per cent affirmative and 24 per cent
negative. The replies to the third question * Other tendencies ” ran
as” follows: “ Toward simplification,” “ Qur tendency is toward the
climination f topics not clearly serviceable,” ¢ We emphi\sin mental
and oral work with small numbvrs to secure fagjlity in common proc-

esses,” “ Insistence upan simple problems and proﬁclencv within
narrow limits,” “ Toward simplification, accuracy ; certainty,” * Much
work with small numbers; simplified problems,” “The elimination
of topics; emphasis on mental work.” :
*In, the -third section of the questionnaire the following questions -
‘.~ were asked: In what year is the study of arithmetic commenced? -+
'The four fundamernl processes completed? The study of fractions
" commenc: 'ed? The study of fractions emphasizéd? Ratio studied?
l’*rcontngo commwenced?, « . , o 0 .
The replies answering these sgecific questions as to the order of -
work were gs follows: Numbei was recorded as commenced in first
grade 'in 713 per cémt of the school systems roplying, in second
de in 22 per cent.of the schools and in third grade in 6} per cent.
The four fundumentu] procegses were reported as' completed in the
third grade in 5 per cent -of the schools replying; in fourth grade in
78 per cent of the schools; and in fifth grade in 17 per cent. Frac-
tions were commenced in the first grade in 14 per cent of the schools
rcplymg, in second gradd in 91 per cent, in third grade in 17 per
cent, in fourth grade in 21 per cent, and in fifth grade in 27 per cent.
Bractlons were emghnqlzed m;the third grade in 2 per cent of-thfe -
schools replying, in fourth grade in 10 per cent of the schools, in fifth
grade in 63 per cént, in sixtlr grade in 23 per cent, In seventh g'rade i
2 per cent. Ratio was studied somewhere in t.}y: lower gtf-l.dﬂ§ as a
%asis for later work in 40 per cent. df the schools, in the middle
grades (fourth, fifth, and sixth) in 30 per cent of &chools and lef
-~ entirely for upper grades (soventh, eighth, and ainth) in 30 per. cenf

N . - * ©
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)
of tho schools. Percentage was dommenced in the fourth grade ir.
5 per cent of the schools, in fifth grmle in 30 per-cent of the schools,
in sixth grade in 45 per cent, and in seventh grade in 20 per cent.

It is difficult to get at the real truth in any situation through a
system of questions and answers for the reason that almost any,
question which ean be formulated admits of misinterpretation. By
comparison of the replies to the qnosthmmuv with the printed courses
of study it was found that the greatest-liability to mixinterpretation
lny in the first section of the questionnaire, which refers to the means
used to broaden the scope of arithmetic, The replies throughout the
section included in many cases the seventh and eighth vears of the
elementary school.  This makes it necessary to intvlpwt not only
the answers in the equation and literal notation’in a different way
from which the re plies indieated (attention has already been c%d
to this). but the hwswers also on the upplication of arithmetic\fo
manual training, geograply, and nature study. Iw the second sed
tion of the questionnaire there was no difficulty.  In the third see-
tion there was some difference in the interpretation of the question on
the year in which number was commenced.  In several schools where
number was introdneed igeidentally in the first grade it was some-
times recorded as commenced there and sometimes not. The report,
thor('fore gives an idea of an earlier commencement of the formal
study of arithmetic than actually exists, There Was a similar con-  +
fusion Letween incidental and formal work in fractions and ratio.
Much incidental work in fractians is done in the first three years, but
the study of s fraction as a fraction is left in the nm]m ity of cases to
the fourth and fifth yéars. Ratio forms the Imsis of several special
methods ‘of feaching number used in many Jocalities throughout the
country. In such, cases it is recorded as studied in the. primary
grades. Ratio and proportion as such are nsunlly put down in the
printed courses of study as work for the seventh and elghth vears,

The summary is 1nd]cut1ve of an advance in the work in genernl
One step forward is the tendency to brouden the scope of arithinetic so
that it is less a series of exercises for the manipulation of figures and
more of an mtl()(hu(mn to mathematics in general. If we may take
the smnumry ‘as typical of the state of affairs, the study of geometric
forms is becoming: curreht,*and in the seventh and eighth grades the
use of the equation and of literal notation is making some head-
way. It is possibly wise' that the latter are not used below these
yoars, owing to the fact that the substitution of a formal means
of solving a plob]em for a child’s own natural logic is likely to
cauge confusion in his mind. The tendency to correlate arith-

" metic With other subjects and make it u thoroughly practical sub]ect

is strong. - An equally striking demand throughout the country is

" the cry for the simplification of angl.nnetw through the use of smaller

§
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*  numbers, the elimination of topies, the simplification of problems,
anct an emphasis on mental rather than written work. The tendency
i< to limit the work to what comes within the child’s experience and
expect greater, efficiency within the narrower field. As to the pro-
gram of work there }s a tendency to begin number somewhat later
in the primary school than formerly; to devote the vears before the
fifth grade to the four fundamental processes with integery, the fifth
wear to fractions, and the sixth yvear to fractions and percentage.

Since the cities us a nsual thing are in advance of the smatler com-
munities and the rural districts and serve, more or less as their -
leaders, the summary is more indicative of the trend of the courses of
stndy than of the state of things as they actually exist. It shows a
more advanced state of atfairs than would be found extant if an
average could be made of the work of the country a8 an entirety.

IV. THE QUESTION OF ﬁXAMINATIONS FROM THE POINT OF WEW OF
) THE SCHOOL.

.The spcuh(' urpose of thix section is to treat the question of ex-
anminations fmxlgl the point of view of the school in its present status
and as to its present tendeneies. 0

The main sources of data on which this report is hnsed are: (1) the
returns from the questionnaire, formulated in conjunction with the
subcommittee on the nature of promotion in elementary schools and
admission to secondary schools, and sent ont by the United States
Commnyissioner of Edueation, and,(2) the subcommittee’s knowledge
of the uses being made of st.md.\rdl/cd tests,”

Of the l()OO ‘questionnaires returned, 197 were fully fabulated.
These were the first received and arve believed to he representative,

The subject as assigned placed the emphasis on exaninmations as
used and viewedi by mnncdl.lto =chool workers rather than by super-
intendents or eXnmising boards. ITence the .\upormlm)dvnts were -
requested to have the questions answered by - their prineipals. Thiq'
was done 0 as t‘o make the replies represent more fufl\ “the p()mt
of view of the dchool.” Answers from teachers would have repre-
sented this point of view still more fully, but the securing and
handling of g sufficient number to be represuntanve of the entire
country-$eemed Impracticable, b

Conclusions based on returns from questionnaires must always be
made guardedly. Caution is especially necessary in dealing with
these returns becanse of the unavoidable vagueness and overlapping
of some of the mnswers. However, -the tubulnted answefs seem to
warrant the following conclusions: : '

1. The use of ‘examinations is very general, practically universal.
They are made use of to some extent in all grades above the second;

+ 102 of the 427 schools report their use in the second grade; twice as
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many in the third: and in lho fourth, fifth, and sixth grades ggacti-
mlly all report them. -

2. In this very m'nq’r:ﬁl use of oxaminnti(ms the point of view of
the school is commaonly recognized. This is clearly shown in the
answers to the” question, By whom are the questions made out?
Only 106 of the 427 reports show the superintendent making exam-
ination questions \mlopemlmtl\ 1 220 show the teachers and superin-
tendents or supervisors in cooperation: 203 show “the teacher making
questions idependeytly ; only 48 prineipals are reported as making
the questions: and in"only 22 answers were there Iy State or county
qiestions reported, : g

3. There is no agreement as to the frequeney .of giving (‘\llllfln.l-
tions.  One hundred and forty-two say esery month or less; 1247
irregularly : 55 bimanthly : 48 quarterly; 180 twice per. -year; and only
19 annually. One conclusion seems safe, \1/, ‘that. the practice of
giving * finals™ at the end of the year is (lem&edl\'uncomm(m
Howeveyg, the 180 giving them twice & year may indicate some ad-
ditional use as * term end ~ finals,

4. The use of examinations seems to he decreasing somewhat. Fwao
hundred and fifty-six say it js decrensing, while 110 say increasing;
97 report no change: 57 do not know : and 19 say that the nature of
examinations is changing, : ’ :

5. The purposcs for which examinations are given=are not clearly
** = indicated. There were only 99 of the 427 that gave “aid in deter-
. mining promotion or giving marks” as a purpose, while 18t gave the

answer, *to help the teacher judge the efficiency of her teaching;”

and 390 * to test the knowledge or power of the pupils.” While the
vagueness of the Iast answer makes it susceptible to several interpre-
tations, taking the 390 with the 181, it is pwlmbl) safe fo infer th:)lr/
the largest single purpose of examinations is to measure pmgrm\ Cof
pupils, "

6. Thew seems to be -8 Cleully voiced desire fop-~ slunduldlzed
tests;™ 289 of the 427 answered “ Yes ” to.the question, “ Do you bo-
lieve. that there is any incrensing desire for-sfandardized tests?” and
73 said that such tests would be desirdble if available; only 92 an-
swered “No” and 22 “Not-desirable.” Those’ who understand the
iden of such tests are enthusiastic in their approval.

The questionnaire answers gave evidence that standardized tests
are not widely known; that they are comparatively little used; but -
that there is a present tendency to do so, since several representative
schools are making use of. teggs: recently published in book form.!
These tests are standardized in that,eunder identical cnrcumstances,

- they haye beex‘nsed to measure the abilities of pupils } m the-second

°

'Arhhmenul Abilities, by C. W. Rtone, Teacherl _College BuYenu of Publicatlons, Co-
Iumbh UMvenity )
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_ half of the sixth school year in representative systems of schools;
nml in that the ro.\pom\v achievements of these pupils are given in
the book. "By using these tests as directed anyone can detérmine
where his pupils stand in the essentials of arithmetic s compured
with the pupils of some of the best systes in the United Sgates,
lecounts of four of the ufes of these standandized tests have re-
cently been published.  The most recent of these articles is by Mr,
J. C. Brown, of the Horace Mann High School. New York City, who
used the * fundnmental ™ test as a basis for (Ivlorlnining the value
of drill -
Another recent nno\tlm)lmn in w lmh tlw fests were used was made
by Prof. W.-X. Smiley at the State Ppiversity of lowa.  Prof.
Smiley meagured and compnr(‘d the anlhlnotuul abilities of one
room of rural school pupils and graded town school pupils.?
Messrs. Birckhead arid’Somers, principals of schools at. Lonisa, Va.,
and Red Hill, Va., respectively, used the tests Lo measnure agithmetical
abilities in six representative pnblic schools of Virginia.® «
'l’]w most extensive study ntilizing these tests is that made by Mr,
A. Courtis, of the Detroit Home and l)'L) Schwal, a private school
fm girls i Detroit, Mich, Mr. ¢ ourtis is using the tests ax g mefns
to of deternyning the effects of certain (hnng\« im the 10:1('ll||1g of the
: mathenitios for which he is responsible.  Mr.” ("(mm\ has written
a nuthber of articles on the subject; he says in conclusion :

More than all ¢fse, it has proved conelngively (n the writer at Jeast, that #t
- Is practicable to mensnre not only the general condition of arithmetle teac hllh(
lhmn),hnnt a school, the growth in abtlity and eticieney from grade o grade,
Ahe “Qefects and needs of any one grade or individual, but the effects of changes
ih method or pnx(\lllrl‘ ax well! .

The value of \tnmlnulm\d tests has appealed o strongly to M.
Courtis that Le has recently published a set that are by far phe best
extant; * and mathenmtres teaching will doubtless ree cive even greater
lielp from liim in the neat future. ; 0

Another use of these tests may be l"ll%trflt('(l by tests recently given
to determing the effects of changes in teuclnng. When tested in
1907-the pupils of a certain school made a score of 462 points per 100
pupils in reasoning, and 2311 points per 100 pupils in fundamentals,
.In 1910 the pupils of this same kystem made a score of 607 in reason-
ing, a gain of 139, and a score of 2,833 in fundamentals, a gnin of 522,

t An investigation of the value of drill wox:k in lho tundamenta) operationa. Journal of
Educationa) I'sychology, February, 1911, =

*A comparative atudy of the resuits obtained in lns!ructlon in the single hmlwr "
rural schooly and the graded town nchpols Flementary School Teacher (Unliversity of

.+ . Chicago Press), January, 1011, LN

sHow do our Virginja schools stand in arithmetic? Virginia .‘rnnl of education
(Richmond, Va.), March, 1910, . g8 . T

¢ Elementary 8chool Teacher, October and Pecember. 1000, and December. 1910,

8 The Courtis standard tests in arithmetic with manual of lnstructions for glring and

" wcoring. 8 A. Courtls, 441 John R. Street, Detroit, Mich, ,
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Thus the use of these tests indicate’ that in this school the present.

teaching of “arithmetic produces considerable more abllltv in the
essentinls than did the teaching of 1907.
. Another purposa for which these tests are heing given is to mensure

" the effect of such Fadieal changes in administration as omitting all

arithmetic work from grades one and two. This experiment has been

tried in several cities in New England, in a few on the Pacific const,

and in one irrthe Middle West. _ . .
he question that immediately arises is, How well do children learn

" arithmetic without .its being taught dnnng the first two grades?

o

This question is being answered by measuring the abilities of chil-
dren so taught and comparing them with the achievements.of children
who have had arithmetic teaching during the first two grades. In
ane of the above-mentioned systems the last clase of pupils in the
second half of the sixth gMde, who had had arithmetic teaching in
grades one and two, were measured. During the present school year
the first class of pupils who have not Imd arithmetic teaching in
gradeg one and two will reach the second half of the sixth rrr.lde
The dbilities of this class will be measured and the results of meas-

,nrmg these two sets of pupils from the same system, together with

the gesults from the original twenty-six systems, will constitute the
basif of a comparative ﬁtu(ly which may yield ol)]o( tive data for an-
bw>emng questions concermng the ndvmnbxhtv of omitting arithimetic

qummnrwod as fo]]mm‘
. Bxaminations gre used in some form in some grades in puw
tlcally ‘all schools,

. The point of view of the school is lm‘gely recognized.

’ 3 As to the purpose of examinations and trnelr frcquency there w
o agreement.
4. Their use is probably decreasing, especially the ufe of * finale,”
as the main basis of promotions,
/5rThere is increasing desire for “ standardized tests,”

These tests are beginning to be used to measure the relation he-
tween the theoriessand products of arithmetic.teaching; and as «
means of securing duta from which the best procedures can be deter-
mined.

L4
1 O conrse, the danger of talla}y here 18 cyident. The abolitlon of arithmetic In grades
one and two, mdy have been accom ¢d py more enthuslastic and skillful teaching after
the second gradt-. or by even a greater amount of time being devoted to the 8ubject, 8o
the results of such & comparison must be guarded by checks.
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V. THE METHODS EMPLOYED IN TEACHING ELEMENTARY
MATHEMATICS.! '

1. 8COPE OF THE BTUDY.

It is the function of this stud_vwio _éonvoy some notion of the methods

M . 4 . . ~ o) .
employed in teaching mathematics in the first six grades of the

American elementary s¢hool. “No attempt is made to give a minute:
description of the endiess details of tenching procedure, nor e\é
to enumeMite all the types of teaching method employed. Its pur-
pose is restricted to an nnalysis of the larger tendencies in teach-
ing practice which are representative of the spirit of mathematical’
instruction in the lower schools. .

Owirg to the existing confusions, it is well at the very outset to
have in mind a clear definition of the term “teaching methods.”
Teaching' methods are always methods of presentation. In this re.
spect the tenching art is like any other art, literary, graphic, plastic,
or what not. The literary artist, for example, has a purpose, a sub-
ject matter, a particular audience, and a special style of presenta-
tion. All these factors are present in the teaching art. The aims of
instruction, the particular facts to be tanght, the immaturity of the
child taught, and the inevitable personality of the teacher determine
the style of instruction, or.to use our own “trade word,” a method
of teaching. Every teacher, then, hys a style or methodt—conscious or
unconscious, good, bad, or indifferent. Unlike the literary artist, he
has many ends to serve rather than one. Tlis functions are genernl

to life, and include moral. social, and personal ends, as well as those -

that are wsthetic. His methods of C(.)mmuni('ntio?l, too, are more
than one. He presents his experignces objectively and graphically,
as well as through the medium of written words and speech.  Always
the teacher’s end is to stimulate g’?owth through the presentation of
experiences. \When that presentation of experience takes a form and

_q

order different from that usual to adult life for the precise purpose - '

of making the fact more readily: comprehensible by the immature
mind of the child, then that modification may be called a method of
ienching. Teaching methods nre always special manners of readjust-
ing adult wisdom to the special psychological conditions of a student’s
mind.

In the concrete, methods of teaching would always represent «ome-
thing particular to g situation, and as variable as situations are
variublé. Life is never just the sime at any point. Yet: certain ‘es-
sential similarities exist and give us the opportunity to interpret life
in terms of law. The_same may be said of the teaching life. - In a

1This part of the report was prepared by Prof. llenry Suzzallo, Teachers College, Co-
lumbla University, New York Clty.. In more extended form jt appeared In the Teachers
College Record for March, 1911, - 0 N
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gense it never repeats itself, yet to the degree that the same end, the
e * same subject matter, and the same immaturity of mind recur ir~class-
. rooms, teachers will tend to use similar modes of adjustment. In
P , describing mathematical teaching in the primary schools, it is these .
i similar modes of teaching adjustment, these similar “ general

f - methods ” that we shall describe and analyze.

- "It will be unnecessary to have a separate tronCnent of the “ general
methods” of mathematical teaching for public schools and private
‘schools. Whatever may be said of the State-supported schools will
in general ) l)e true of private institutions. It is true of elementary
schools, as‘it is not of secondary and higher schools, that private
institutions IDI(I a relatively minor plice, as compared with public
or State schodls. They are in a sense mere adjuncts.to the public-
school system, claiming, irt the generality of cases, no real difference
in their ideals and methods of instruction,

It will, perhaps simplify the task of this study-and make its tveat-
ment more thoroughly representative of all conditions, if the general
methods described be restricted to that field which is most character-
istic of thie first five or six years of mathematical instruction, namely,
to the teaching of the fundumental processes of manipulating inte-.
gers and fractions along with their simple applications to. concrete
problems : 3

While the aspects of mnthemntlcal instruction here studied and
presented are selected becnuse of their representative nature, it would
be unwise to restrict ourselves to a statement of the commonly ac-
cepted procedures of schoolroom -practice. There are in America
certain reform tendencies which are as characteristic of conditions as.
are the conservative practices. These modifying forces nead to be

- mentioned along with the practices that they alter. Again, there

are certain scientific efforts, now well underway, to study the prob-
lem of methods in teaching. While these have, as their immedtate
aim, the acquisition of new knowledge rather than direct educational

. reform, their ultimate effect will be to change methods of tcaching
For this reason they are lmportnnt and have a proper place. in this
presentation.

11, THE INFLUENCE OF AIMB ON TEACHING,

The purposés of mathematical instruction in the elementary school
must always be very influential upon method. It makes a great dif-
ference whether one is,merely teaching the elements of mathematlcs

or i$ teaching mathematics as a-tool for business life.

THE IRFLUERCE OF A BCIENTIFIO AIM.

.

Tt has not been long since the aim.of mathematical teachmg was
merely scnentlﬁc. 'lhe facts taught were the begmnmg of a science,
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and the end was to obtain a foundation fpr more advanced facts of the
same kind wlich were dependent up(f this. foundation. As the
teacher, had learned his yathematics, so he taught thé subject. To a
considerable degree as the master’s adult mind classified the facts
of the subjett, so he presented it to the child. His methods wers
logical rather than psychological. He gave the finiShed product or
process to the child without special modification bgcause the child
was immature; a roundabont method that slowly approximated and
only finally- achieved the full result was with such a teacher ex-
ceptional.

Such ascientific nim, implicit rather than expressed, dominated the
methods of teaching when arithmetic was handed over to the elemen-

- tary schools by the higher institutions of education. As the first

purpose to be rooted in the traditions of mathematical teaching it
still persists with all the rigidity of a conservative force. Teachers
still tend to teach future workmen in the lower schools as they them-
selves were taught by scieutific scholars in the universities. And

high =school and u)lle,ge instructors still impose theit standardS upon -

the lower schools so as to influence their methods of instruction. As
the purposes of higher instruction still remain largely scientific in
purpose and method they give aid to the persistence of an or iginal
tradition in the olcment.uy schools. * Undgr suth an influence the
worth of a mathematical fact is measured by its place in a logical
schere, rather than by its significance and recurrence in everyday
life. The mathematician may need to know all about the numes of
the places in notation and numeration; the layman cares ouly about
the accurate lmdmg and weiting of numbers, and not at_all about
the verbal title of “ units of thousands” place. Again, the rational
needs of a tlrinker about m.lthonmtlcs may require an understanding
of the reasons why we * carry ™ in column addition, but the effective
everyday use demands an accurate habit of ¢ cu;rymg" rather than
m accurate explanation.  Yet just such methods persist in our schools
because of the domination of a scientific treatment of the subject.

The Mmoteness of such mathematical teaching from the needs of
common life constantly threatens the loyalty and support of the
public.  Some defense becomes necessary. on other than scientific
grounds. Such a sanction could not be found m utilitarianism, for
the waste was evident. It remained for a psycholog.,ncal theory to
sketch a defense upon “ dlsclpluﬁry " grounds. The doctrine of

* formal discipline ” says that such mathematical teaching trains the
powers of the mind so that any mastery gained in mathematics is a
mastery operating in full elsewhere, regardless of the reoteness of
the new situations from those in connection with which the power
or ability was originally acquired.
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\ The effec of such doctrine is to defend and perpetuate every
obsolete, unimportant, and wasteful practice in the teaching. of mathe.
matics. No matter that partnership as taught in the schools had its
original snnetion in its.close correspondence to the reality of business
practice: no matter that the old sanction had passed: teach it now for
its ability to discipline the mind. This questionable psychological .

ctrine, said in consequenrce, * Whatever is, is right!™  No matter
that “ life insurance ” touches more men than “cube root ”: the latter’
should be kept because of its power to train the mind. In hfv. where
* approximation " of amonnts suffices, the teacher demands absolute
accugacy. and the ethical worth of such precise truth, is the lngh law

o for its defense. Regardless of the truth that is concealed in the’

doctrine of ¢ formal discipline,” it must be confessed by those who

know the history of tenching methods in the United States that it is
the main defense of conservatism and the largest cause of waste in
teaching methods. ' '

Such has been the gronnd upon which recent edireational reform
has Opornlod Slowly the older scientific and disciplinary aims of
instruction have given way to the newer purposes of business utility
and social ingight. In that step a large transition was covered.
Before the school had measured the worth of its work by
standards internal to educational institutions, the schoolmaster
and the scholar, rather than the man on the street. had formulated
the scientific classifications of mathematics and expounded the doc-
trine of formal discipline. Hereafter the measure of efficient school
instruction is a reference to standards external to the xchool. the
product of conditions outside of school life. Business needt and social
situation determine if a fact or process is worth .comprehending. and
whether the method of instruction has been effective.

Business utility, coming at a time when the clementary-school
course was felt to be overcrowded, met with a ready reception. Tt
operated for the time being as the standard by which materials and .
methods in arithmetic are to be eliminated, if not actually selected.
Materinls not general to the business vsorld such as the table.of
troy weight, were therefore eliminated. Processes of (‘mnpulln«r -
terest infrequently uséd were supplemented by more widespread and
up-to-date methods. More doing and less explaining characterized
the instruction in adding columns of figures, and such manipulation
mimicked the exatt conditions of its use in the world at large. If
strings of figures are usually added in vertical columns in the busi-
"ness world, then they should be taught in vertical columns more
nearly exclusively than before. ' The obsolete” and the relatively
infrequent, the over-complex and thé wasteful processes of the old
arithmetic tended to disappear. More than any other influence this
aim of business utility has combated the overconservative influence

.
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of scnentlﬁc and dmlplhnary aims which dominated previous decades.
The newer methods of teaching have kept the best of the old move-
ments.” The worlk is still suentlﬁc in that it is accurate; it is still '
disciplinary in that it trains; but the truth and the (raining which
are given are selected by and associated with actual business situa- @
tions conmion to everyday life, :
There is evidence in the present thought of teachers tliat a broader
utility thay that of the business world is beginning to obtain' in the
schools. #he general increase in the social consciousness of the
tencher is reflected in mathematical instruction. Everywhere in
these days the American teacher and the educational writer spenk
of the social aims, of education. The influence of the socinl aim of
b instruction upon mathematical instruction is subtle but obvious. The
businéss man's opinwn with reference to arithmetical instriction is
not always taken as gospel. There nre other standards. “Why,”
says the schoolmaster, “ should I train people for vour special needs,
any more than for the demands of other trades that men ply? To
be sure, onr gru(luutes do not fit perfoctlv into vour shop at once,
‘But that precise and local adjustment is the - work of the business
- course or of shop apprenticeship. My function is to train men for
the situation common to all men and special to no class. The elemen-
tary school is a school foi greneral culture or social appreciation, not
a business college-or a trade school.” The sociologist usurps the place
of the business man as the schobl's proper. critic.

The situation to-day as influenced by existing aims is ong of tran-
sition in which pld and new purposes mingle with unequal force in
giving us a mixed process of instructing American vouth in arith-
metic.  Old materials and methods still persist, for logical and dis-
ciplinary ideals still hold: but the newer reginen ushered in by the
demands of business utility and social understanding gains gxound
The obsolete, the untrue, the wasteful methods pass fr om arithmetic .
teaching, and the pressing, modern, and useful activities and under-
standings enter. Arithmetic is ]css abstract and formal as a subject
than- it was; it has become increasingly vital and concrete with real
interests, mqlghts and situations. The grind of sheer mechanical
“drill deueases in its teaching, and a reasoned understanding of
relations, in some degree, at least, is substituted. Artificial motives
and incentives are less frequently -used to get work done, and the
appeal of live institutions for a quantitative solution an under-

_standing increasingly asserts itself. ‘

. L THE EFFECT OF THE OHANGIRG 8TATUS OF TEACHING METHOD.

Teaching method in the school is. primarily a readjustment of
forms of knowledge and experience so as more effectively to stimulate

. and improve the 1mmature responses of children. Two 1mportant

’
¢ .
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movemelits have been responsible for the de\elopment of special

" methods of teaching during the past few decades—one is humanita-
rian and the other scientific. On the one hand. there las been a
growth in reverence and sympathy for childhood. As yet it has
scarcely expressed itself with fullness., The wide acceptance of the
“doctrine of -interest ™ in teaching; the enrichment of the curricu-
lum; specialized schools for truants and defectives; individual in-
struction—these are the schoolmaster’s recogniiion of the modern
attitude toward childhoggl. Under such conditions tenching becomes
less and less a ruthless external imposition of adult views, and-more
aJneans of sympnthetic ministry to those inner needs of child life
which make for desirable qualities of character. While it is true
that teaching method is a condescension to childhood, it is a socially
profitable condescension in that it is a guarantee of more eflective
and enduring mastery of the life that is revealed at school.  Since
the child’s acquisition tends the more to be part and parcel of his own
fife under sych sympathetic tenchmg the produets of such instrue-
tion are enduring.

Such a humanitarian mmement nuturally ealled for knowledge of
the child. The wisdom of common sense xoon e\h*nkt\ ll\(‘]f and
more scientific data is demanded.  Thus the * child stidy movement ™
came into existence. Since then, a saner p\\'d]()]()"lc‘l] foundation

" has been laid for educational procedure, one which is eritic ixing and
reconstructing teaching method at every turn. Hitherto tenc]nn;_:
methods had been improved fitfully through a crude empiricism.
Now a body of general psychological knowledge, rich in its eriticism
of .old methods and in its snggestion of new ‘megns of procedure, gl\ es
n scierttific basis to teaching method.

The public elementmy school teaclier is conservative mdeed who
will deny that there is anything worthy in the notion of ¥ method! ™
Asa c1ass, tenchers have faith in the special professional technique

. which is included under the term. They are critical .of the many
abuses which have been committed in the name of method. Method
can not be a substitute for scholarship. It can mnot be a “ cut-and-
dried ” procedure indiscriminately or uniformly applied to class-
room instruction. Like every-other technical means, teaching method
is subject to its own limithtions un(l strengthens a fad which the aver-
age teacher recognizes.

In spite of the fact that the majority of elementary teachers keep’
reasonably sane on the problem of method in teaching, it must be - -

“admitted that 4 considerable proportion of teachers are inclined to |

" be attracted by systems of method that greatly overemphasize a single
element of procedure. The hold which the “ (Grube method ” with
it® unnatural logicul thoroughness and progression gained in this
cquntry two or three decades ago is scarcely explicable: to-day.
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Scarcely less baffling is the very large appeal made by a series of text-

books which laid the stress upon the acquisition of arithnetic through
' the idea of ratio and by means of measuring. Manual work as the

source of arithmetical experiences is another special emphasis, which,
like the others, has had its enthusiastic adherents. Again, it is

“arithmetic without a pencil © or some \)ther overextension of a

legitimate local method into a * panacea * or “ cure-all ™ which con:

fronts us. Fhe promulgution and acceptance of such unversatile and

one-sided systems ‘of teaching method are indicative of two defects

in the professional equipment of tciehers: (1) The lnck of a clear,
- scientific notion as to the nature and function of teaching method,
and (2) a lack of psvchologicul insight into the varied nature of
classroom situations.  Untruined teachers we. still have among us,
and dthers, too, to whom a little knowledge is n dangerous thing.
These arve frequently carried away by the enthusiastic appeals of the
reformer with a system far too simple to meet the complex: needs of
hunmx\ nature. Our ﬂperlonces seem to have sobered us somewhat,
the increase of supervision has made responsible officers cantious, and
increased professional intelligence has put a wholesonme damper upon
naive and futile proposals to make teaching easy. -

A more serious evil than that just mentioned is the téndency of the
supervising stafl to overprescribe specific inethods for classroom
tenchers.  Recently thiere has developed, more particularly in large
city systems, a tendency to'demand a unifornr.mode of teaching the
& sume school stubject thmughout the city. This has been brought
about by the prevalent tendencies of |a;‘ge school systems to centralize
their anthorify and demand uniformity of procedure. The prime
causes of thix tendency nre to be found (1) in the specialization of
grade teaching. and the interdependence of one teacher on another;
(2) in the mobility of the school population which involves consider-
g able lost energy if teachers do not. operate along similar lines.

The result of such imposed uniformity is a reduction of-sponta-
neity in teaching. The process of instruction proceeds in a more or

less mechanical fashion. the teacher w orkirg for bulk results by a
persistent and general application of the methods Inid down. That
teaching, which at every~homent tends to adjust itself skillfully to-
the changes of humag doubt and interest, difficulty and success, dis-
couragement and insight, now taking care of a whole group at once,
noye aiding an individual straggler, now resolutely. following a pre-

‘ seribed lead, now pursuing a line of least resistance previously unsus-
pected, can not thrive under such conditions. It stifles teaching as
a fine art and makes of it a mechanical business. "Under these con-
ditions only those activities which fit the machine rontine can go on.
Thus it happens that we memorize, cram, drill, and review, and soon

| the subtler processes of thinking and evaluatmg, which are the best
fru:t of educatxon, cease to exist. :

O
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Fortunately the one-method system of teaching \ull svon belong
- to the past, and the imposition of uniform methods is beginning to
lose ground even in our cities. For the most part, the common sense
of teacher- and thg positive stateménts of our better theorists keep
teaching methods in a position of useful status. Teaching methods
. should be infinitely variable gs the conditions calling for their fise are
endlessly chnngvenble ‘Not one method but many are necessary, for
their function is supplementary rather than computive,  No one
method should be used with a preestablished rigidity: each must be
flexible in its uses, so as to accomblish the varied work to be done.
The teacher directly facing the intellectunl and emotionnl crises of
childhood is the hest ‘interpreter of conditions and the best chooser
of the tools of workmanship. - The supervisor may advise and may
point out certain fundamental laws of growth and procedure: but
the concrete method which is the npphcntlon of thoso must be of the

- teacher’s making.

. Arithmetical teaching, like the instriction in other subjects, has
suffered from these widespread ventures of teaching method. In this
respect it has shared the common professtonal lot.  But in addi-
tion it has had special difficulties and adventures of its own. We
have now to note those special phases of teaching method which are
peculinr and local to mathematical instfuction.

IV. METHOD A8 AFFECTED BY THE DISTRIBUTION AND ARRANGEMENT OF ,
ARITHMETICAL WORK.
-

THE TENDENCY TOWARD SUORTENING THE TIME DISTRIBUTION.

Several decades ago arithmetic, us a formal subject, was begun in
the first school year and continued throughout the grades to the last
school year. This is no longer a characteristic condition. much less
a uniform one. There have been forces operating to complete the
subject of arithmetic prior to the eighth year, and to delay its fiest
systematic presentation in the primary grudes for a period vnrymg
from six months to two years.

The attempt to shorten the period of formsl instruction in arith-
metic has had its effects upon the methods of teaching as well as
upon the arrangement of the course of study. The presence of a
large number of children who leave school by the seventh year, the
example of a varied European practice, the overcrowded curricu- |
lum—all these’ have combined to suggest a shortened treatment of
arithmetic. Hence economy, through the elimination of obsolete and
unimportant topicsin the course of study and through better methods
of instruction, has become a pressing matter. * Its influence on method
is obvioiis. _

It has focused attention upon “ teaching method ” and given it an
sincreasing importance in the eyes of mathematical teachers. Specifi-
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L
cnﬁly, it has tended to reduce the amount of objective work, to elimi-
mate the .explanation or rationnlization _of processes which in life
are done automatically ; it has made tenc\r{*r\ satisfied with teaching
“one manner of solutmn \\]101'0 before two or three were given: it hag
laid the omphuxh upon utilizing old know lcd;:\- in new plyees, rather
than on acquiring new means.

The by-product of this belief is that ‘any arithmetic taught during _

Ahiese first few vears should be tanght *ipcidentallyy” as o ¢chance
accompaniment of their ‘other studies.  Only after ome or two vears
of incidental work should the formal arithmetic instruction-be given,
This incidental ™ method of teaching beginners is diflicult to ¢xti-

“mates Tt has been <o variously treated that a comparative measure

of its worth. is dificnlt to obtain.  The-contention that children who
are taught incidentally for two years and systematically for two
vears more have at the end of four years of school life as gopd a
command of arithmetic as those who have had a systematic epurse
thirough four school years is diffienlt to substdtinte or deny on scien-
tilic grounds.  Sometimes “incidental ™ teaching requived by he
prourse of study becomes * systematic ™ in the hands of the teacher.

“Sometimes the two years of * systematic ™ thaching th: 1t/fo]lm\~. the

incidental teaching means more than two vears, sinee the teachers,
in order to cateh up, give more time and emphasis to the sahjects
than the relative time allotment of any general schedule would seen

‘to warrant.  Such have been the fucts frequently revealed by o class- .

roon inspection that penetrates beyond the course of study. the time
scheditle, and the regulations of the school hoard.

In the lack of specific comparative measures of fhe worth of such
methads of instruction. there is a growing (-(»xl\'f(-tin)ll (1) that begin-
ning school children are mature enough for the systemitic study of
all the arithmetic that the modern course of study would assign to
these grades: (2) that considering the quantity and quality of their
experiences they can think or reason guite as well as memorize’; and
{3) that what the schoo) requires of the child cun be better done in
a responsible, svstematic manner than by any haphazard system of
incidentalsinstruction, A :

These reactionary attitudes by no means imply a return to sys-
tematic teaching of arithmetic in the first two school years, nor to
such  formal methods as had previously been employed. Other
grounds forbid. The crude, uninteresting memoriter methads of the
" pust have gone for good. Ob]ectne work, plays, games, manual ac-
tivities make arithmetical study easier and more efficient. Indeed,
these newer methods have been a large factor in convmcmg teachers
that children have the ubility to master the first steps in arithmetic
during the first two years.

7
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There are other problema of méthod that are not s¢ much con-
cerned with the beginning of the study of arithmetic, or with the
span of school life that the subject is supposed to cover, These deal
with the arrangement of subtopics, within the course of study, or
with the mantier of progression from one aspect. of arithmetical
experience to another.

The methods that have been emploved in the U nited States for
the arrangement or ordering of topics within the course of study

- have varied considerably from time to time, but all these varintions
may be grouped around two types: (1) The “logical ™ types of ar-
rangement and (2) the “ psvchological ™ types of arrangement. If -
the course of study proceeds primarily by units that are characteristie
of the mathematics of a mature adult mind, the type may be said
to be *logical.” Tf the course of study procceds prin lrlh by units
that are characteristic of the manner in which an immature child’s
mind approaches the subject, theh the type may be snid to be
“psychological.”

The older “logical ™ plans are thorough and definite in their de-

- mands: the teacher always knows just what he is about.  But such
a system of procedure is unnatural and remote from the child: it
lacks appesl nlll(ﬁoti\'(~. The child pursues-the subject as a task

laid down for hinfnot as an answer to his own curiosities or necessi-
ties. The newer€PEychological plans meet the different’levely of ,
child maturity effectively; they are nearer the natural order of ac-
_quiring knowledge. But it is not easy for the test Tiers to keep
account of the work of their own, previous, or subsequent grades,
Nor does the supervising official find it eaxy to locate r (\lmnqlnhtv
for definite arithmetical subtopics.  As ar order of teaching it is
psvchologically natural but administratively ineflective,

The result is that to-day the two types of Jrrangement are modi-
fying ench other and giving a -mixed metliod, partly logieal and
partly psychological. That line of least resistance in which the chil-
dren study arithmetical facts and processes with greatest success is
modified by definite demands that topics, e. g addition, be mastered
thoroughly “then and there.” The method is partly * topieal ” and -
partly “spiral.” The child in the second grade may have a litcle
of all the fundamental processes, a few simple fractions, and United
States money, but just there he will be held definitely responsible .
for a very considerable number of the adgdition combinations. The

upil may have had fractions in every grade, but the fifth grade will
Ee nesponsible for a thorough and systematic mastery of the same.
Such is the mixed method of arrangement which is to-day prevalent
in Amencan schools. '
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V. OBJEOTIVE TEACHING.

*The use of objects in teaching arithmetic is current in the ele-
mentary school.- Particularly is this true in the lowest grades of the .
school, in primary work. " Tt may be said that there is a very large
quantity of objeetive teaching ip the first year of sehool and that it
decrenses more or l(\sgmdnnlh as the higher grades are approached.
By the time the highest grammar grades are reached the use of
nh]ovts has reached its minimum; the underlying wssumption being
that the iise of ol)]mts has a teaching Yahie that decreases as the
maturity of the pupils increases. Current practice does not proceed
far beyond the application of tlw simple and somewhat crude
psychological statement that the voungost.chlldmu must have much
objectizve tenching, the older less, the oldest Teast of all.

Reform in the direction of a more refined and exact use of object -
teaching has already suggested itself in the treatment of fractions and
mensuration, where, regardless’ of the increased maturity of the
children stidying these topics, a large amount of<objective method
is wtilized. This is a considernble departure from the slight objective
treatmient of other arithmetical Topics taught in*the same grades.
Such ovm‘ptmnnl practites suggest that the novelty of an arithmetical
topu i< the condition ealling for objective work in instruction. Tt
is immaturity in a special subject or situntion which detgrmines the
amount of busalobjective work. The correlation is not“with ‘the age
of the pupil but with his experience with the special problem or sub-
ject in hand. It i5, of course, true that the less experienced the
student is the grenter the likelihood that any subject presented will
be-novel and strange. Only in this indirect, manner does the novelty .
of subject murtter coincide with mere youth ps an essential princjple
in determining the need of objective presentation. Thg nnive as-
sumption of tho older enthusiastic reformers that objective work is
a good thing psychologicilly, one of whieh the pupil can not have .
too mich, is by no means the accepted view of the new reformer. -
With the latter, objective presentahon is un excellent method at a
given stage e of xmmnturity in the special topic involved, but it may
he uneconomical, even adP obstacle to efficiency, if pushed boyond

There is then a certain coincidence of the scientific criticism of
the psychologist and of the common-sense criticism of the cons
servative teachers who look suspiciously upon a highly extended
object teaching. The teachers, on grounds of experience, say that toe
much objective teaching is confusing and delays -teaching. The
psychological critics say it is unnevessary and wasteful. The result
is that, in these later days, the distribution of objective work has -
changed somewhat. More subjects are developed in the higher grades
through objective instruction than befere. Perhaps no fewer subjects
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" in the lower grades are presented objectively, but the extent of
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objective treatment of each of these has undergone considerable
curtailment. 3 ‘

‘The existing defects in objective teaching are not restricted to a-
false plncmg or distribution. The quality of teaching with the aid of
objects is likewise open to serious criticism. Object teaghing is a
device, so successful® as against prior nonobjective teaching that it .
has come to be a standard of instruction as well as a means. As long
as objects—any convenient objects—are used, the teaching is regarded -
as good. Given such a sanction, the inevitable result is an indis-
criminating use of objects. The process of objectifying tends not
to be regulated by the needs of the child’s thinking life; it is de-
termined by the enthusiasm of the teacher and matermls convenient
for school use.

The first fact which asserts itself in observing objective teachmg
is the artificiality of the materials employed. Primary children.
count, add, gtc., with things they will never be concerned with in
life. Lentils, sticks, tablets and the like are the stock objective stuff
of the schools, and to a considerable degree this will always be the
case. Cheap and convenient material suitable for individual ma-
nipulation on the top of a school desk is not plentiful. -But ipstances
where better and more normal material has been used are frequent
enough in the better schools to warrant the belief that more could be
done in this direction in the average classroom. The “playing at
store”, the use of actual applications of the tables of weight and
measures are cases that might be cited.

The materiaks used are not only more artlﬁcml than they need be,
but they are too restricted in range. More forms of even the amﬁcml
material should be used, thus minimizing the danger of monotony.

Even the narrow range of materials in general use might be better
employed than it is. ~ There is, of course,’a distinct tendency to vary
tRe objects, merely becaWse a child gets tired of-it as a-material. It
is too frequently the case that the teacher will treat the fundamental
addition' combinations with one set of objects, e. g lentils. In all
the chlld s objective expemence within that field there are two per-
sistent” associations—* lentils ” and “ the relation of addition.” The
accidental element has been emphasized as frequently as the essential
one, and being concrete has had even a better chance to impress itself.

The najure of-the materials proper to objective teaching has likewise
been tobd narrowly interpreted. Objective teaching has meant almost -
exclusively instructing or developing through three-dimensional
representation, whereas another form ‘has been neglected, which for
all the p| chologlcal purposes of education has as much worth as
go-called objects, namely, use of such foaterial as' pictures.  Such
qnamwb]ectxve materinl has been- httle used by teachers san as it
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appears in textbooks. There are, of course, obvious disadvantages
to pictures and ‘diagrams. The things represented in and by them
are not capable of personal manipulation by the child in the ordinary
sense. But they have a superiority all their own. They offer a
wider, more natural, und more interesting range of concrete
_eXperiences.

There are other curious phases of nartowness in the current peda-
gogncal interpretation as to what constitutes a concrete or objective
experience. It will be noted that visual objects are the ones gen-

. erally employed and that they are generally inanimate ob]octs Of

. late there has been some tendency to use hearing and touch in giving
a concrete basis to teaching. Advantage is taken of the social plays
of children and their games with things. Here the children them-’
selves and their relations and acts are the experiences from which the
numerical units are obtained. With some of the best teachers in the
_lowest. grades it is no longer unusual to see children moving about in
all sorts of play designed to add reality to and increase mwmt in
number facts.

Inductive teaching has been one of several movements nﬂ'ectmg_
objective teaching. The effort of teachers to escape the slavishness of
mere memoriter methods and to approximate real thinking led to the
introduction of inductive teaching. Necessarily objective teaching.
became more or less identified with the new movempent and was in-
fluenced by it. So, it has been said of objective work in arithmetic,
as it has been said.of laboratory work in the sciences, that such in-
struction is & method of “ discovery” or “ rediscovery.” Such an
alliance has had its beneficial effects upon objective teaching;.it has
redeemed it from the aimless * observational work ” of an earlier
“ objective study.” But in the teaching of arithmetic, at any rate,
it confused an objective mode of presentation with a scientific method
of learning truth, two activities ha;ing a c¢mmon logical basis, but
not at all the same. Under the assumption that the developmental
method is one of rediscovery, the tendency is to give the child as
complete a range of concreto evidences as would be necessary on the
part of thescientist in substantiating a new fact. The result is, that
long after the child is convinced of the truth, say that 4 and £ are 6,
the teacher persists in giving further objective illustrations of the.
fact. The child loses interest iff the somewhat monotonous contin- -
uance of objective manipulations, and the teacher has naturnlly
wasted time and energy. ' T

" Another modern movement in teachmg method which has had a
conspicuous effect on objective téaching is the movement toward .
“gelf-activity ” on the part of the child. Thé recent favor enjoyed
by manual training, nature study, self-government, and other active

} - phases of school life is an index of the general movement-in mind.

b
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. Its influence has not only forced the introduction of new subjects;
it has changed the manner of presenting the older subjects of the
elementary curriculum. Arithmetic has responded along with the
other sub]ects and.«an active use of ob)ects by the children themselves
is found in in¢reased degree.

[ 4

VI. THE USE OF METHODS OF RATIONALIZATION,

- ‘It is perfectly natural that, in shifting the teacher’s attention from
her own activities to those of the children, the interest of the child
should be considered in incrensing degree. If the child is to learn
directly, with a maximum "use of his initiative, it is absolutely
essential that the teacher should provide some motive. This implies
that the child is to be interested in some fundamental way in the
activities in which he is to engage. Instead of thumbing the funda- -

- ‘mental facts with his memory, in®an artificial and effortful manner,

“singsonging " the tables rhythmically, so as to make dull business
less dull, the teacher begins at once to use the child's own life as the
basis for instruction. The number story. the arithmetical game,

r playing at adult activities, constructive work, measuring, and other

vital interests of the child and community life become increasingly

the basis of instruction in number. Such is the pronounced tendency

wherever the movement is away from the traditional rote-learning
r drill.

Of course there is the slight tendéncy in American elementary -
schools where a soft and false interpretation of the doctrine of in-
terest is gospel to teach only those things which can be taught in
an interesting fashion. But this tendency is less operative in arith-
metic than in other subjects. Here the logical interdependence df
one arithmetical skill on another has quickly pointed the failure of
such a haphazard mode of instruction.

There is, however, in “advanced”, as well as in reactionary
quarters, & revolt against the tendency to objectify, explain, or
rationalize everything taught in arithmetic. On the whole it is a
discriminating movement, for this opposition to “rationalization ” in
arithmetical teaching, and in favor of “ memorization” or “habitua-
tion,” bases its plea on rational grounds, mainly derived from the
facts of modern psychology.

1t is specifically oppoeed to explaining why “carrying ” in addition,
and “ borrowing ” in subtraction are right modes of procedure. These
acts are to be taught as memory or habit, inasmuch as they are to be
performed by that method forever after. To develop such processes
ntionally or to demand a reason for the procedpre once it is acquired,. . -
is merely to stir up unnecesary trouble, trouble unprompted by any "
demsnds of actual eﬂiclency.

e : . . L
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_expresses itself suggests the four following general principles as to

* child to assume an increasing responsibility for his own work. The

~ school concerns the med}um through which arithmeticd] examples and
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A study of the actual arithmetical facts upon which this oppoéition

the use of “rationalization " and “habitua.ion " as methods of mas-
tery: (1) Any fact or process which always recurs in the same
identical manner, and occurs with sufficient frequency to be remem-
bered, ought not te be “ rationalized ™ for the pupil, but *habit-
uated.” The correct placing of partial products in the multiplication
of two numbers of two or more figures is a specific case. (2) If a
process does recur in the same tanner, but is so little used in -
after life that any formal method of solution would be forgotten,
then the teacher should “ rationalize ” it. The process of finding the
square root of a number illustrates t]ni?s-ﬂ;%of facts. (3) If the
process always does occur in the sanse mannefybut with the frequency
of its recurrence in doubt, the teacher should both * habituate ” and
“rationalize.” The division of a fraction by a fraction is frequently
taught both “ mechanically ¥ and by thinking it out.” (4) When a
process or relation is.likely to be expressed in a variable form, then
the child must be taught to think through the relations involved, and
should not be permitted to treat it mechanically through a mere act
of habit or memory. All applied examples are to be dealt with in
this manner, for such problens are of many types, and no two of the
same type are ever quite ulike. These laws will, of course, not be
interpreted to mein that no reason is to be given a child in a process
like ** carrying” in addition. The reason is not essential to efficient
mastery, but it may be given to add interest or to satisfy the specially
curious.

.
VII. SPECIAL METHODS FOR OBTAINING ACCURACY, INDEPENDENCE, AND SPEED.

It is not alone the first stages in the acquisition of an arithmetical
process which have received attention in the reorganization of teach-
ing methods, though, to be sure, the problem of first presentations
has in recent decades been given the most attention. More and more
the American tendency is to watch every step in the learning process,
to provide for all necessary transitions, and to safeguard against
avoidable copfusions. Tt might bo snggested that constant inter-
mediation of the teacher in the child’s work at every step might
destroy the pupil’s initiative and independence. Apparently, how-
ever, those who are so deeply interested that the child should not be
permitted to fall into the errors which unsupervised drill would con-
vert into habit, are fully as cautious to provide steps for forcing the

distinction made is that an over-early independence is as fatal to
accurate and rapid mathematical work as an over-delayed dependence.
One of the specific controversies much . argued in the primary
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problems shall be transmitted to young children. There are three
typical ways in which a situation demanding arithmetica) solution’
may be brought to the child's mind: (1) The situation when visible
may be presented through itself; that is, objectively; (2) the situa- .

" tion may be described through the medium of spoken language, the

.

teacher usually giving the dictation; (3) the situation may be con-
veyed through written languiage, as when tlie child reads from black- -
board or text. Inasmuch as objects are a universal language, no
difficulty arises through this basic method of presentation. It is
when a ]nngm*% description of a situation is substituted for the situ-
ation itself that difficulty arises. The child gight be able to solve the
problem if he really understood the situation the language was meant
to convey. Owing to the difficulty that primary children have in
getting the thought out of language, it has been nrged that problems
in any unfamiliar field should be presented in the following order:
(1) Objectively or graphically; (2) when the fundamental idea is
grasped, through spoken language; and (3) after the type of situn-
tion is fairly familiar, through written or printed language.. Tt is
serionsly urged by some teachers that no written presentation should
be used in thé first four grades. Such an extreme tendency would
practically abolish the use of primary textbooks. There are many
exceptional teachers who do not put a primary text in the hands of
children at all. .Such a tendency is increasing. Particularly is this
true among primary teachers in the schools of the-foreign quarters
of large citics. Accurate communication through the English lan-
guage is always more difficult here. Hence, the period of objective -
teaching is necessarily prolonged, dependence on the number
stories ” told by the teacher increased, and the solution of written
problems much longer delayed than elsewhere. :

The situation is somewhat different, alinost the opposite in fact,
when “ examples ” rather than “ problems” are presented, meaning
by “example” a “ problem ” expressed through the use of mathe-
matical signs. It is easier to present “ examples” in written form
on blackboard or in text than it is to dictate them orally. This
obviates the necessity of holding the examples in mind during solu-
tion. The permanence of the visual presentation saves the restate-
ment frequently necessary in oral presentation. Hence it is 8 common
practice to supply the youngest children with mimeographed or .
written sheets of “examples.” It is with older children or with
younger children at a latter stage in the mastery of a typical difficulty, -
that ora} presentation of éxamples is stressed. Then we have that
type of work avhich is called “ mental ” or “silent ” arithmetic.

There is some tendency toward the provision of better transitions
from the objective presentation of applied problems to the symbolic

présentation of abstract examples, The nature of such a transition
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is scarcely reasoned out as so much psychological stience, but is the
accompaniment of a widening professionnl movemént for the en-
~ Iarged use of pictures, dingrams, number stories, aiid the like. A
‘critical examination of the various means of presenting arithmetical
situations would order them as follows in making the transition
from objective concreteness to symbolic abstractions: (1) Objects,
(2) pictures, (3) graphs, (4) the concrete imagery of words, (3) more
abstract verbal presentations, (6) presentations through mathe-
matical symbols. No such minuteness of adjustment is apparent
in existing methods, though it might seem desirable in teaching young
children, Thereare four typical ways in which the child does his
work, the names of which are derived from the differentinting cle-
ment: (1) The *silent ” method, otherwise spoken of as “ mental
srithmetic,” * arithmetic without a pencil,” ete. (2) The *“ oral”
method, wliere the child works aloud—that is, expresses his procedure
step by step in speech. (3) The “ written ” method; where the child
writes out in full his analysis and calculations.” (4) The “ mixed”
method, where the child uses all three of the previonsly mentioned
methods, in alternation, as necessary for ense and efficiency. -
" The worth of these four methods of work is necessarily variable.
The rapidity of the “ silent metliod ” with simple fizures iz obvious.
The * silent method ” and the “ mixed method  (which is more stow
but more manageable with complex processcs and ealculations) are
the two methods normally employed in social and business life. - The
purely “oral ” and “ written * methods, with their tendeney toward
analysis and calculation fully expressed in oral or written langnage,
are highly artificial. They are valuable as school devices for reveal-
ing the action of the child’s mind to the teachér so, that the same
may be corrected, guided, and generally controlled. “The present
tendency is toward an over-use of these methads and toward an under-
use of the other two. more purtlcu]nr]\ the “ mixed® method. Tt
would seenwthat there is-little conscious attempt to make certain
that the child moves from full oral or written statements to the
judicious application of the morc natural “silent” and “ mixed’y’
methods. Tt may be that full oral and written statements of work
have seriously hampered the right use of the more natural methods
of statement.

It is well to recall that in all these efforts to control the child’s
activity there is a tendency to leave the child overdependent nupon
the teacher. Tt is vitally important that a child should be kept free

_ of any error which unsupervised drill would fix into the stubbornness
of habit, but it is likewise important that the child should acquire |
some self-reliance. While not always clearly defined, there is a dis-
tinct tendency in the direction of releasing the teacher’s control of

the child. A chﬁeristic practice would be one in which the -
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0 tmcbers work with the child-would pass through various stages,
"each one of which would mark a-decrease in the control of the process
by the teacher and an increase in the freedom of the child to do his

. example, or problem, by himself.

One characteristic series of stages quite frequently used in the
presentatlon of a single topic in arithmetic, say “carrying” i addi-
tion, is the following: (1) The teacher performs the process on the
blackboard in the presence of the class, the children not bemg allowed |
to attempt the process by themselves until after the process is clearly
understood from the teacher's development. (2) The children are
then allowed to perform the process upon the blackboard, where it
is exceedingly easy for the teacher to keep the work of every child
under her eye. An error is caught by a quick glance at the board
and. immediately corrected before the child can reiterate a false im-
pression. (3) More of the same type of example, or problem, are as-
signed to the children at their seats, where they work upon paper,
still under the supervision of the teacher; a supervision which is
less adequate, however. (4) The same difficulty, after the careful
safeguarding of the previous stages, is then assigned for “home
work,” where the child relies almost completely upon himself. Once
more it is necesary to suggest that these stages are merely roughly
implied in the variations of existjpg practice.

Most of the methods discusseds * this chapter have had as their
sanction the attainment of accuracy in thinking and calculating.
Some efforts to insure independent power on the part of the child
have already been noted. But nothing has been said of the effort to
add speed to accuracy in getting efficient results. Such special efforts |
have been made.’ These efforts may be classified into two groups:
(1) Those aiming to quicken the rate of mental response.” (2 Those
aiming at short-cut processes of calculation.

Typical of the first are (a) the use of an established rhythm as
the child attacks a column of additions; (b) the device of having
children race for quick answers, having them raise their hands or
stand when they have gotten the answer; (c) the assignment of a
geries of problems for written work under the pressure of a re-
gtricted time allotment for the performance of each. These and
similar devices are much used in the schools. They are open to the -
objection that they quicken the rate of the better students, but foster
confusion, error, and discouragement among the less able children,
not mfrequently, ‘actually retarding speed.

The various shorter methods which represent the effort to reduce

* the pumber of mental processes required are usually not of genernl
applicability, and consequently have not attained. any general cur-
rency in the elementary schools, where the object is to teach one gen- -
erally available and effective method, even though it requires more
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time, special expertness being left to later development in the special
school of business which requires it. '

It has"conie to be quite a common recognition of teachers that the
fundamental element in rapid arithmetical work is certain and accu-
rate work. If pupils know their tables of combinations and are sure
of each detail of calenlation, there is no confusion or hesitancy;
speed then follows as a matter of course. This belief, as much as.
anything else, explains why the lower schools have developed few
special means for attaining speed apart from thosc already men-
tioned.

VIXI. THE USE OF SPECIAL ALGORISMS. ORAL FORMS, AND WRITTEN

ARBANGEMENTS. g

The methods of teaching arithmetic are influenced not only by
the aims of such instruction, but by the peculiar nature of the matter
taught. The use ¢f special algorisms, temporary algoristic aids or
teaching  crutches,” oral and written forms of analysis are of con-
siderable moment in determining the difficulties and therefore the
methods ‘of teaching. Their condition and influence will need to be
given some slight notice. =,

The use of specinl and temporary algoristic aids or learning
“crutches” in mathematical calculation is one of the problems of
method under constant controversy. Teachers seem fairly evenly
divided up(m the question. Typical situations in which such
* crutches * are used may be noted as follows: Changing the figures
of the upper number in “borrowing” in subtraction; rewriting
figures: in"'adding and snbtracting fractions, in the Lroad sense any
algorism which is used during the teaching or learning process tem-
.por.xrll\ to be abandoned completely later, is an “accessory algor-
ism" or “ernteh.” The objections to their use le in the. fact.
(1) that skill in manipulation is learned in connection with stages
and forms not characteristic of finnl practical use; (2) that this im-
plies, psychologically at any rate, the waste of learning two forms
or nsages instead of one: and (3) that it decreases the speed with
which mathematical calenlation s done. If there is a drift in any
direction, it is pmlmblv toward the abandonment of “ crutches.”

The division of opinion, which exists in connection with the tem-
porary use of special algorisms or “ crutches,” 1 likewise exists with'
reference to the use of ¢ full forms” and “short forms” of mamp-
ulation and statement. The temporary use of.a “ full form,” in a
case where 2 “short form” will finally be used, is similar to the
employment of a “crutch.” There is one important difference, how-
ever, which explains the Matwely larger presence of temporary

“ full forms " than of “ crutches.” The “ full form ” is an accurate
form which is used somewhere, in a more complex stage of the same
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process or in some other process; the “ crutch ™ is not. Thus, a “ full

- form,” in column addition (wnth partial totals and a final total of
partial totals) will be utiliZed in column multiplication; the * long-
division form ™ of doing “ short division ¥ (that is the fully expressed
form of dividing by a number of one figure) will be utilized i in divi-
sion by numbers of more than one figure.

The problem of form applies not alone to the algorism or special
method of computatlon but it likewise applies to the special methods
of reasoning used in defermining the specific series of steps to be

¢ taken in achieving the answer. In every problem the child solves
he must. not only decnde what is to be done (reason). but he must do
it (caleulate). There are forms of reasoning as there are forms of
caleulation. As any calculation may have several algorisms the
solution of a problem may be expressed in several forms. It is the
lutter difficulty which appears in the teacher's demands for * formal
analysic ™ of problems. The analysis is usually required in full
statement.

A conservative ploteqt ngnmst the old formal expression of rea-
soned steps is found in omitting for the most part the linguistic state-
ments dealing with the logic of the problem and merely * labeling *

= . the numbers that occur in the calenlation. This is a more restricted
form of statement, much more used at the present time than hitherto,
But it is still open to psychological objections that make the more
scientific critics protest. There are many stages in a caleulation
where there is no association whatever with the concrete problem in
hand. The concrete-problem is studied, the decision is made that all
the factors named are to be added. They are added, purely abstractly,
and s number is given as the total. The result is then thought of in
terms of the concrete problem in hand. A disposition to label ench
item in the addition may be necessary in the rendering of a bill, but
it is a false and obstrncting activity in the actnal solving of the
problem. The same situation exists where there are two or three proc-
esses to be-utilized in series. Once the child has grasped his con-
crete situation and reasoned what to do he may proceed to mechanical
manipulation, never thinking of the concrete applications till he is
done.

Tlre same tendency which is makmg fora reductlon of verbal forms
is increasing the use of mathematical symbols. As logical relations
are less frequently written out, a simple sign such as + or - is used.

~ The algebraic  is supplied in pldce of & whole roundabout series of
 awkward preliminary statement assumptions With it, of course,

®  come changed methods of manipulation, as in the use of the algebrau'

equation. . ’

Tt is doubtless true that the rigidity of full logxcal forms is giving
way to a more flexible and natural mode of expressing the child’s

© s @ o .-
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thoughts. Fixed oral and written forms of exposition may assist the
child, much as the acquisition of a definite symbol fixes an abstract
meaning, which remains unwieldly until it attaches itself to a word.
by which it is to be recalled. But increasing care is manifested that
children shall use only those forms that will conform to practical
need upon the one hand, and to natural, efficient, and economy mas-
tery on the other. :

IX. EXAMPLES AND PROBLEMS.

The teaching of arithmetic is usnnllly classified under two aspects,
formal work and applied work. The formal work deals mainly
with the memorization of fundamental facts, processes, and other
details of manipulation. The applied work, as the name implies, is
the formal work utilized in the setting of a concrete situation de-
manding a solution. These two aspects of arithmetical instruction
are very frequently sharply separated, the child working alternately
with one or the other. The characteristic practice is to deal with
them without relating them as closx‘l) as the highest efficiency would
denmand.

Formal exercises in arithmetic are usually presented through the
“example; ™ the exercises in application throngh the * problem;”
the distinction being that one is an abstract and symbolical state-
ment of numerical facts and the other a concrete and descriptive
statement.® In the first case the mathematical sign tells the child
what to do, whether to add, subtract, multiply, or divide: the example
being a kind of prer(‘neonod problem, the child has only to manipu-
late nccordmg to the sign, his whole attention thrmlghout being
focused on'the formal enlenlation. In the second case the child has
two distinet functions: He must, from the doqcnptlon of the situa-
tion presented, decide, through the process of reasoning, what he is
to do (add, subtract, divide or multiply), and, having rendered his
jundgment, he must proceed through the formal calculation.

As the problem involves two types of mental processes in a single
exercise, and the example but one, the usual procedure in arithmetic

_is to tnke up the formal side through examples first and, later on,
the applied side through the.use of problems. This means that the
first emphasis is on formal and .abstract work rather than on a
treatment of natural, concrete situations, an emphasis not wholly
sanctioned by modern psychology and the better teaching procedure
of other subjects. ‘ :

3 ? While this distinction is not general, it has sufficient currency to warrant its use here
for the convenlence of discussion. The expresston *clothed problem ™ (from the OGer-
mau) i{s occasionally used.to mean what 18 here designated as * problem,” and ‘' abstract
problem " |8 used to mean what is here designated, as “ example.”
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The reform tendency is found mainly in the primary grades where
the beginnings of new processes are made through objective pres-
entations of the problem.. But the transition from objectified
problems to formal work is not immediate. The children pass from
objectified situations to * number stories,” which are only descriptions
or narratives of a situation. This is the interesting primary-school
equivalent of that more businesslike language deseription fonnd in
the higher grades—the arithinetical problem. But it precedes formal
work and succeeds it, the formal drill being a mere intermediate
drill. Here concrete presentations und formal work are more cldsely
related and more natursily ordered. o

This reform tendency, which begnn in the primary school, is ex-

. tending to the higher grades; wheve it is no longer rare to find the
attack upon a process preceded by careful studies of the concrete cir-
cumstances in which the process is utilized. In the case of intevest,
several days might be utilized in studying the institution of bank-
ing in alk its mole inportant facts and relations. Such an appronch
not only provides motive for the formal snd mechanical work. but
it gives h necessary logical basis in facts. Hence, the undcer-fanding
of practical business life makes nccurate reazoning possible for the
child when he is called upon to solve actual problems in applieation
of the formal work. ' . . _

It is perfectly natural under the general traditional practice of
putting the first emphasis on mastery of the formal®work that the
largest amount of attention should be given to the mechanical and
technical side of arithmetic, and that the concrete uses and applica-
tions should be slighted, and this is generally true of the practice of
American teachers. Much more ingenuity has been used in the care-
ful training of the child on the formal side than in teaching him to
think out his problems.  There i= no such careful arranging and
ordering of types in teaching a child to reason, as there is in teaching
him to calculate.: . _

Here and there a few thoroughly systematic attempts are made
to carry the pupil through the simple types of one-step reasoning, to’
two-step and three-step problems with their possible variations. Just
as the example isolates the difficulties of calculation, by letting the
sign of + or — stand for the logic of the situation, there is a tend-
ency to give problems without requiring the calculations. This .
affords a means of isolating and treating the special difficulties of °

. reasoning. The child is merely required to tell what he would do,

<«  without doing it; the answer being checked by the gross facts. A

. little later, as a transition, he is permitted to give n rapid, rough .

approximation of what the answer is likely to be. - With further com-

mand. he tells what he would do and does it accurately. But such a

program of teaching is still rare among teachers. :
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‘The care of the child's reasoning is lnrgely restricted to testing his
comprehension of the problem (1) by having him restate the problem
to he sure he understands it, or (2) by having him give a formal oral
or written analysis of the wny 'in which he solves the problem. The
Airst requirement may not be thoronghgoing. as the child may give
w verbnl n*pohtmn of the problem without really knowing its mean-
ing. The second isx a formal analvsis of the finished re<ult and does
not- represent the genetic method of the child’s thinking.  Conse-

~ quently its for mulns do not in any considerable degree assist him in
< his actual struggle with the complex of facts

This Inck of a svstematic teaching of the technique of reasoning is
manifest i the unreliability of children’s thinking.  When a child
fails in a problem assigned from the textbook, the source of the crror
may be in one’ or more of three phases: (1) In failing to get the
meaning of the language nsed to deseribe the details of the situation;
(2} in failing to reason out-what needs to be done to solve the situ- .
ation: (3) in failing to make an accurate ealeulation. The first is a
matter of langmage: the second. one of reasoning: the third. of mem-
orization.  The elimination of errors. due to the first and third
somrees, leaves a considerable proportion to be aveounted for by tlie
second,  Such informal investigntions as have been made seem to
show that the children who fail in reasoning do npt make any real
effort to penetrate into the exsential relations of the sitnation. They
depend on their association of processes with specific words of rela-
tion used in the description of the problem. an association deter-
mmod of conrse, by their past experiences,  As long as these faniiliar

“ene " words are used, they sneceed. Let unfamiliar w ords or phrases
be utilized in their stead or let the relation be implied, and, like as
net, the children will fail to Jdo the right thing. Practical school
p(-nplv are familine with the fact that chijdren solve the problems
given in the language of their own teachers and fail when the prob-
lems are set by principals or superintendents, whose lnngunge is

_ strnnge to them.

A greater use of varied objects in the objective ple&onmtmn'of
problems, and a more constantly varied use of language in the
descriptive presentation of problems would prevent the chi}d making
such superficial and unthoughtful associations, and force him to
think out connections Detween what is essential in a typical problem
and the appropriate process of manipulating it. But such a de-
liberate application of modern psychology is far from being a con-
splcuouq minority movement. The subject matter of the problems
given to children has, however. improved greatly. Obsolete, puzzling,
and unreal situations which only hinder the child’s nttempt to reason
are less and less used in problem work.
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" Daily it becomes rwogTﬂzed with greater clearness that nght
‘reasoning depends upon a eomprehension of the facts of the case,
and the facts of the case in pomt must be within the experience of
the child. This is thie only way in which a problem can be real and

- concrefe to him.

The recent effort on the part of textbook w riters and teachers to
make aritimetical problems. reg) " and * concrete " has not always
mcogmzﬂl the above-mentioned psychological principle. The terms

“real " and * concrete ” have been interpreted in many ways, besides
in terms.of the chill's consciousness. " With some, * real ™ has meant
*“materidd,” and the plol)]em_s more particularly with primary chil-
dren, have, in increasing degree. been presented by objects or words
connoting very vivid images. Others have defined these, qualities in
terms of actual existence or use in the larger socinl world. If these
problems actually occur at the grocer's, the banker's, or the whole-
saler’s, it is suid that they *are indeed conerete.”  And much effort
has been expended in carrying these current problems into the class-

‘room, in spite of the fact that they may be neither comprehensible

nor interesting to the pupil.

There. is another social world, nearer home to thc’_child, from
which a more vital lmrrowing can be made. There is an opportunity
to use the child’s life in its quantitative aspeets. to tpke his plays,
games, and occupations, and introduce their situations into his
mathematical teuching.  As his world expands from year to year he
will be carried by degrees. from personal and local situations to those
of genéral interest. The teacher can provide this progression without
devitalizing the facts presented.

There is"another error into which both the socially minded radical
and the specialist in child study fall. In their engerness to improve
the arithmetic problem, they assume that problems taken from the
larger social world or from the child’s experience are necesarily
superior to hypothetical, imaginative, or ** made-up * problems. The
psychological fact that needs to be forced upon the attention of the
reformers is that, with proper artfulness, an imagined problem may
be even more vital and real to the child than one taken from life—as
a situation in a drama may be more appenling and real to a child
than one on the street. This has some rewgnluon but not cnongh.

"Those who stand upon the side of the “ made-up ™ problems are more

likely to be reactionaries who tolerate the traditional type of problem
even though its stupid artificiality is obvious to both the-teacher and
the child. They might better be dealing with dull problems borrowed
from real lifs than with specially invented dullness.

Of course there is another argument for the use, of actual social’
materials. The child must ultimately come into command of, pre-.
cisely these facts, since their mastery will be demanded by the busi-
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ness world. But must a primary school child study his arithmetic
through problems taken from the dreary statistics of imports and
exports merely because tariff reform is a political issue which every
citizen onght finally to comprehend?! There is a time for this, and,
a5 i~ the case with most of such borrowed business problems, the time
is later,  In so far as these are current situations within the contacts
of child life, let them enter.” A quantitative revelation of life is im-
portant, and it is good teaching economy to gain knowledge by the
way, provided it does not distract attention fram whatever main
business is at hand. : '

The sociubizing of arithmetical problems has one other additional
good effecl. It has tended to bring some tojfal unity into the prob- .
lems-constituting the assignment for a given lesson or group of les-
sons,  Hitherto a series of problems was almost always composed of -
a heterogencous lot of situations.  There was no unity save that somg
une process was involved in each. The movensent is now in the di-
rection of altaining w more approximate unity within the subject
matter of the problems themselves, The difficulties of attdinment
have restricted this movement to more progressive circles,

The eclectic source of arithmetic problems is apparent from the .

foregoing discussion. Tt would seem that some better texts would
maturally be evolved through the implied criticism of each movement
upon the other,  Sueh is the case.- Problems from child life empha-
size the beginning condition to which adjustment must be made in
ull good teaching. Those from the greater world suggest the final
goals of instruction.  Those * mad¢ up " by the teacher call attention
to whiit“is too often forgotten, that the educative process in school
may be artful without becoming artificial. Teaching i» art, and when

well done is not less effective for the fact.

X. CHARACTERISTIC MODES OF PROGREBS IN TEACHING METHODS.

The existing methods of teaching arithmetic in the American ele-
mentary schools are exceedingly varied. This is due to many causes.
The democratic systen- of local control, as opposed to a centralized
supervision of schools, has increased both the poseibility and the

probability of variation. Even within the units of supervision

(State, county, and municipal) the opportunity for reducing varia-
tion in the direction of a more efficient uniformity is lost. This is
partly due to the lack of a thoroughly trained staff of supervisors
of the teaching‘process. Uniformity beyond the legal unifs of super-
vision has been restricted by the lack of organized qgrofessional means
for investigation of and experimentation in confroversial matters.

" Even .such crude experiments as are being tried in more than one

classroom, school, or system are unknown, unreported, unestimated,
because no competent professional body gathers, evaluates, and dif-

~
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fuses such knowledge.” In this respect the teaching profession is far
below the efficient organization of the legal and medical professions,
It is exceedingly difficult, therefore, to analyze the characteristic
aspects of teaching method except as these are interpreted in move-
ments of general significance. These may be actual or potential,
traditional or reformatory, geff¥al or local, in present acceptance.
The situbtion is one wherein tradyion is mixed with radicalism, and
radicalism modified by reaction. -In this medley of movements there
are dominant tendencies both trxditional and progressive.
It is quite impossible to indicate the progressive tendencies with
. clearness save in connection with the discussions of concrete difficul-
ties in mathematical teaching. The forces that are behind these
tendencies may, however, be summarized here. For convenience
they may be classified into eight types of influence, extending ‘from
more or less vhgue and' general movements to very particular scien-
tific contributions. No attempt is made to indicate the achievement
of each; the form of each influence is only roughly defined and
illustrative movéments or studies suggested.,

1. It is obvgus that any general pedagogical movement x('hi_ch influ-
ences the professional attitude of teachers will influence the special
methods of mathematical teaching.. The appearance of the doctring

“of interest made mathematical instruction less formal. The growing
enthusiasm for objective work ‘enlarged the use of objects in the
arithmetic period. The child-study movement laid emphasis upon
the child’s own plays and games as a source of problemns and
. examples. . L :

2. Certain special movements in methods of teaching, local to the
siibject of mathematics, have also been effective. Here on¢ has only
to recall the “ Grube” method, with its influence on the order and
thoroughness with which the elements of arithmetic are taught.

8. The tendency of every teacher who is at all sensitive to the
defects of his methods is to vary his daily practice. Constant trial,
with error eliminating and success justifying a departure, is thus a
source of progress. The new devices of ‘one teacher are taken up
by the eager professional witness and innovation is thus diffused. We
have no ability to measure how much professional progress is due to
individual variation in teachihg amd its conscious and unconscious
imitation. The disposition of school systems to send their teachers on

- Tours of visitation ‘without' loss of salary is a recognition of the
value of this method of advance. "a -t
4. A far-more efficient and radical source of change than that just

e

" & 'mentioried is the deliberate, conscious, experithental teaching of

progressive individuals. Somé new idea or device occurs to the
reader of original mind, and it is tried out with a fair proportion of
resulting successes. . An illustration of such a contribution is found in

a v o [
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one conspicuous effert to get more rapid .column sddition. The first

~ columns to be added were allowed to determine the selection and
order of addition combinations learned. Thus, if 6+74-94-64-7=35,
ig the first column to be used, then the first combinations mastered:
will be 64-7218, 8+4+9=12, 24-6=8, 84-7=15. Arising as a fruitful
idea and see*mg to give a measure of success, it has been carried, in
the particular locality in mind, from school to school, and from 8ys-
lem to system. ’

5. A prolific source of radical change is found in the critical ap-.
plication of modern psychology to teaching methods. Algorisms,
types of difficulty, the order and gradation of these, as well as many
other factors in method have been radically reorganized on psycho-
logical grounds. Examples of such psychological modifications of

~ method are found in the “ Courses of study for the day elementary
schools of the city of San Francisco.” Still more extensive critical
applications are found in the “ Exercises in arithmetic” devised by .
Dr. E. L. Thorndike, professor of educational psychology” in the
Teachers College, Columbia University. ,

6. Attempts have been made to inquire into the special psychology .
of arithmetical processes through careful experimentation and con-
trol. They have not been numerous, nor have they been influential

- ‘on current practice. Such a field needs development. A typical
attempt to investigate and formulate the special psychology of num-
ber is found in a Clark University study of “ Number and its applica-
tion psychologically considered.”? | '

" 7. Edncational investigations as to the efficiency of existing arith-
metical teaching among school systems, sufficiently varied to be rep-
resentative of American practice, have also been conducted. These
have usually gone beyond the field of the special methods of presen-
tation employed in the classroom, and have inquired into the condi-
tions of administration and supervision, the arrangement of the
courses of study, and other similar factors. Dr. J. M. Rice’s studies
into * Thi causes of success and failure in arithmetic ” ? investigated
such specific factors as: The-environment from which children come,
their age, time allotment of the subject, period of school day given to
arithmetic, arrangement of home work, standards, examinations, etc.
A subsequent study of sinfilar type, but employing more refined
methods is that of Dr. C. W. Stone on “Arithmetical abilities and *

- some factors.determining them.”* The main problem of this study . -
was to find the correlation between types of arithmetical ability and

.- 'Phlllips, D. B. Number and its application psychologically considered. Pedagogical
. Beminary, vol, 5: 221-281, 1807-98. @ o ’

‘  *Rice, J. M. 'Educational research; Causos of success mnd faflure in schools. Forum, -

" 34 281-207, 487452, 1002-3. ) . *

' *Stone, C. W. Arithmetical abilitles ad some fuctors determining them. Columbta - /
;v University contributions to education, Teachers College, New York City, 1908, pp, 101, . . 5
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* different time expenditures and courses of study. These two studies
" have probably attracted more general notice than any other studies l
~of arithmetical instrudtion. While they have largely dealt with ad-
ministrative conditipns that limit teaching methbd, rather thaf with
* the details of teacking method itself, they have stimulated the if-

. pulse to investigate conditions and practices of every typog,

8. The latést source of progres#'in teaching method is found in the
movement for comparative experimental teaching under normal but
carefully controlled conditions. Several such experiments are being
conducted in the Horace Mann Elementary School of Teachers Col-
lege, Columbia University, under the direction of Principal Henry
C. Pearson, with the cooperation of the staff of Teachers College.
The experimental work conducted by the instructors and students of
the Teachers College is primarily designed to determine the relative
value of competing methods in actual use throughout the country.
the assumption ‘being that every substantial difference in practice
implies a difference of theory and consequently a controversy that
can be resolved only on the basis of careful comparative tests. Two
parallel series of classes of about the same age, ability, teacher equip-
ment, etc., are selected for this work. One series is taught by one
method ; the other series by the other method. The abilities of these.
children is measured both before and after the teaching, and the
growth compared. The standards and methods of this type of com-

«  parative experimentation, together with a list of current competitive
methods requiring investigation, is given in Dr. David Eugene
+  Smith’s monograph on “ The teaching of arithmetic.” ’
SUBCOMMITTEE 4. PREPARATION OF TEACHERS FOR
GRADES ONE TO SIX.

INTRODUCTION.

The fact that mathematical instruction in elementary schools is so
universally given by teachers who teach most of the other elementary
school subjects also, makes it difficult to isblate many of the specific

" .elements of preparation entering into training for mathematics
teaching. Departmental instruction below the seventh grade in
mathematics is so rare as to be exceptional. The general preparation )
for mathematics teaching in the. first six grades of the elementary
school is therefore very largely include’«&;l that genéral foundation
work which includes courses in psycholégy, the principles of teach- -*

" ing, and the principles and history of education, together with obser-
vation and teaching under supervision and criticism in a training or

-, 1Ewith, D. B. The teaching of arithmetic, Chap. XVI, Teachers Colleye, January, 1900. ‘
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practice school. Besides this geneml?ype .of pedagogical prepara-
tion, most normal schools and other training schools for teachers
usually offer courses in *special methods” in teaching elementary
mathematics, thesé courses furnishing practically all of that training
which may be regarded as specific for the subject. The * special
methods ” course is usually given by an instructor who also teaches
classes in secondary mathematics—~advanced arithmetic, algebrs,
geometry, and occasionally trigonometry, or even more advanced
courses which are offered’as electives in a very few normal schools.
In the larger schools, the head of the department may be assisted in
- this instruction, but he, himself, usually gives the work in “ methods.”
The character of this work and the professional attitude of the in-
structors vary in a degree that makes generalizations relative to them
almost impossible. The instructor may regard the * methods course
as simply a means for reviewing subject matter and the training
school work as a sort of nuisance or as having no relation to his de--
partment, or he may give the course over almost wholly to questions
of the psychology and pedagogy of mathematics teaching, using the
training school constantly as a laboratory for instruction, demon-
stration, and experimentation.

Until the rapid development of normal schools within the last
quarter of a century, in common with all other elementary school
subjects, the only preparation required for teaching mathematics in
the elementary school was such a course in élementary arithmetic as
would enable the candidate to pass a relatively simple examination

~ setbya county or city superintendent or a board of school dipectors,

\ Even to-day, in most of the rural and village communities of this
“country, this is the method of providing teachers. These teachers
have no academic preparation beyond the subject matter which they
expect to teach, and no professional training at-all. However, the
rapid development of State normal schools and of city training
schools has brought about a standard for teachers, adopted as fast
as the supply will permit, of much higher academic preparation to-
gether with a minimum approximating two years of professional
training. In this general advance of standards, mathematics has re-
ceived a share of attention, although perhaps tradition has offered a
handicap which has not been felt by the newer subjects in such a
large degree. But within the last, decade the -whole subject of the
teaching of mathematics }(a;sxcome to receive the attention which it

justly deserves. Yet, with'wll of the discussion which has developed,
there is very little literature that deals specifically with the problem
of present-day theory and practice in the preparation of teachers for
the elementary school. The committee secured data for its conclu-
sions' by- direct inquiry of typically representative normal schools
and city training schools. By .geographical °distribution, 19.5 per




r 199 MATHEMATICS IN THE ELEMENTARY-SCHOOLS.

cent of these schools are in the Atlantic Statee, 21.9 per cent in the
Pacific and Mountain States, and 58.5 per cent in the States ]ymg
between these groups. The inquiry concerned itself specifically with
the amount required of prospective teachers in the subject matter of
mathematics, the amount and kind of professional study, the rela-
tion of the department of mathematics to the training or practice
school, and suggestions of constructive improvemnt or reform.

, SUBJECT-MATTER COURSES.

_ For normal schools regarded as standard, as well as for city train-
ing schools, high-school graduation secms almost a fixed norm for
the whole cauntry as an entrance requirement. In mathematics it is
_usually assumed that students have had a high-school conrse in arith-

" metic of one term or semester, one year or more of algebra, and one
year of geometry, usually plane. In some normal schools arith- .
metic is required of students “ found wanting ™ in its subject matter.
In many schools solid geometry, advanced arithmetic, advanced al-
gebra, and trigonometry are-offered as electives,

It is thus apparent that the teacher of mathematics in the first
six grades has a knowledge of subJoLt matter in formal mathematics
far beyond any of the actual needs arising within these grades, That
this knowledge of subjects Leyond elcmcntury arithmetic functions
in the teaching of the arithmetic it would be very difficult to show.
The formal and isolated character of the work-in algebra and
geometry, as they are usually taught, leaves them barren of any
content values having a bealmg upon nnytlnmr which appears in
the usual work of the first six grades. Even in the best normal
schools there is little evidence that the work in algebra and geonietry
is any less academic than in the classieal high schools. In the naqr-
mal school ¢ humanistic ” values should certainly most fully reveal
themselves.

PROFESSIONAL COURSES.

The .professional courses and work include a course in arithmetic
“ methods ” or in arithmetic with some attention to methods in all
normal schools, observation and practice teaching in some form in
most of them, and & course in the history qf mathematics in 4.8 per
cent of them.
The course in amthmetxc “ methods ” is given during one semester
in 78 per cent of the schools. Ina few, not more than 10 per cent, it is .
given during but half a se'mester——from gix to nine weeks. The char-
- acter of this work differs markedly. - In 27 per cent of the schools the
work is largely a review of the subject matter of arithmetic, method
. "being merely incidental. Over 14 per-cent give practically the whole
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time to method. With others’it varies from one-tenth to one-half of
the time. :

In the methods work ifself 41 per cent of the schools require the
organization of definite - “its of subject matter for presentation in
the grades and the writi..g of specific lesson plans as a part of the
work. In a like number definite study is made of the elementary
course of study as a whole. Games and recreational devices for mo-
tivation and drill dre considered in 53 per cent of the schools. Forty-
one per cent of the schools make some use of current literature on the
teaching of mathematics, although one instructar replies that he does
not, as “ there is little in it that is uscful.” Other instructors indi-
cate that they value the periodical literature as growing increasingly
helpful and siiggestive for their own work. Some' form of mathe-
matical museum is found in 34 Lot cent of the schools. This varies

" from “a small private collection” to rather pretentious collections of

textbooks, periodical essays und addreésses, illustrative apparatus and
niodels, and standards of weights and measures of various kinds.

Observation of schoolroom teaching as a part of the work in
methods is found in 46 per cent of the schools. The time devoted to
observation vnrles from “ three or four lessons a term ” to “ one-third
of the course.” In 7 per cent of the schools all observation work is in
connection with practice teaching. The place and value of systematic,
purposeful observation seein to vary greatly in the minds of instrue-
tors.  That the lessons observed should be well taught, model les-
sons, is indicated by the fact that in 47.3 per cent of the schools defi-
nitely using observation the lessons are taught by critic teachers and
in 36.8 per cent by the special mathematics teacher. The training
school is used as a laboratory in the methods courses in 39 per cent of
the schaols. As schools of education which tend to furnish an in-.
creasing number of teachers prepared for normal-school instruction
in mathematics develop possibilities of the training schools as labora-
tories, this phase of worl in the preparation of the élement.ary-school
teacher will doubtless increase.

Practice teaching in arithmetic is required of all students who
graduate from 39 per cent of these schools. In one school it is re-
quired in at least two grades. In most other schools students do
practice work in but two or three subjects and may be graduated
without any practice teaching in mathematics.

The somewhat isolated condition of the department of mathematics
from the training school is shown by the fact that in only 89 per
cent of the schools does the teacher of mathematics aid in the super- -
vision of the subject in the training school and that in only 27 per
cent does the department of mathématics make or partly make the
course of study for the trai school. Coopcratxon in the devel-
opment of the course of study and in the supervxslon of the teuchmg

ku_ -‘» 'A",____, ) .’ ” : 3 .‘.»:'Ql
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of mathematics in the training school has been found.to be of very
high value in developing a professional attitude in the minds of pros-
pective teachers through the multitude of live problems always before
them and in whose solution they may participate. .

More than 95 per cent of the schools discourage departmental work
below the seventh grade. One scl.nol definitely adyocates it from the
fourth grade upward A special type cf training for primary teach-
ers is provided in 24 per cent of the schools. Number work receives
its propottion of attention in these primary methods courses when
they aro general in characier. In 12 per cent of the schools there

C are specific courses in primary methods in number work. '

From the suggestions for reform received from instructors, the fol-
lowing summary indicates the several types: “A better knowledge of
subject matter.” ¢ Teaching to make subject matter vital.” “ Make
the work closer to the-children; more connection of the work with : -

" life.” “Use more concrete examples; use.more objective work.” '
* Develop a more definite knowledge of practical applications.” “ De- .
velop more work in the fundamental pedagogy of processes.”
“Develop a more definite idea of the relation of the work of each
grade to the whole arithmetic course.” “Develop a better knowledge
of method.” “The development of a good textbook in simple
method.” “ Require successful practice teaching in arithmetic for at
least 10 .weeks.”  “ Make more of observation; observe more skilled
teachers.” “A genernl course for all, followed by a more inténsive
course for the particular grades in which the teacher is to work.”

SUMMARY OF DATA.

From the foregoing data, it is evident that great differences in
ideals and practice exist with reference to the following points:
There is variation from method as a mere incident to subject matter
to the use of full time for method in “ methods * courses; from no use
whatever of current literature on the teaching of mathematics to -
‘yery extensive” use of such literature; from no-cbnsideration of
games and recreational devices to ‘very careful consideration and
testing of these; from no consideration of the ¢ourse of study in arith-
metic for the grans to the full development of such a course and the

. organization for presentation of certain of its units; from ne men-
tion at all of the history of the development and teachmg of mathe-
matics to the establishment of well-organized courses in this subject ;

* from no observation of lessons in arithmetic in the grades in cofffac-
tion with methods courses to one observation lesson each week durmg

_ the course; from no practice teaching at all required in mathematics
- g to practice work in arithmetic for all in at léast two grades; from
no supervision -of practice work and the teaching of mathematics in
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the training school by the teacher of mathgatics to close, jointly
responsible supervision with the grade supervisors; from positive dis-
couraging of departmental teaching of mathematics in the grades to
positive advocating of it in middle and upper grudes an. from no
differentiation in training for the grades to courses in detalleu ‘necial
methods for primary grades.

There are also evident the following points of general uniformty:
Entrance requirements to methods courses in arithmetic are quite uni-
formly high-school courses of about one-half year’s work in arith-
metic, one year in algebra, and one-half year or one year in plane
geometry. Some kind of methods or teacher’s course in mathematics

~ is found in all. Some form of observation work either in connection
with thggourse in arithmetic methods or with general method or prac-
tice teaching is advocated by all. In Qneml departmental work
below the seventh is dlscouraged No schaol is fully satisfied with its
present practice.

Suggestions for reform are of four thes (ireater knovs]edge of

subject matter; a reorganization of arithmetic material, giving it more
vital relutionship to-the child’s life and to social life; a more intelli-
gent knowledge of the pedagogy of arithmetic; and—w—cleser, more
vitul relationship between:the department of mathematics and the
teaching of.arithmetic in the training school. Three ways are swg-
gested for bringing about this last relationship: By more systematic
observation of work in the grades, by more responeibility for the
course of qtudv and the methods of teachmg in the arades, and by
closer supervision of practice teaching in- anthmetlc\by the- depart-
- ment of mathematics. 2

CONSTRUCTIVE SUGGESTIONS.

From inferences based upon the foregoing, and from reflection
upon the general problem, the committee believe that the best th?ry
and practice of to-day point tothe following conclusions¢ Tha
foundation in subject matter as a basis for the professmnal stidy of
mathematics for teaching the subject in the first six grades of the
elementary school should include a minimum of one-half yeA(/lp high
school arithmetic, one year of algebra, and one year of geometery; .
that, exclusive of all courses in psychology, pedagogy, principles of
teaching, general method, or history of education, a minimum of
one-half year’s professional study of arithmetic should be required
to include the following: A course in “special method,” the teaching
of elementary mathematics which should consider the more ele-
mentary phases of the psychology of number; pringiples of general-...
method in their application to arithmetic; educatlonal values of
arlthmetxc and the place of arithmetic in the general educatxonal
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scheme; the organization of the elementary school curriculum in |
arithmetic; the.organization of typical units of subject matter for |
presentation to appropriate grades; the development and writing of
typical plans for teaching; the utilization of local and general eco-
nomic studies for number application; the observation and discus:-
sion of\ typical lessons in the grades showing concrete applications
of principles developed; the place of games and other recreationul
devices in lower grade work in number, and the historical develop-
ment of the teaching' of arithmetic, showing the place and value of
certain “ methods,” as the Grube, Speer, etc.

The committee believe, further, that every school engaged in the
preparation of teachers of mathematics should develop n museum
or teaching collection of materials—apparatus, books, pamphlets,
papers, etc.—which will aid in interpreting the historic development
of the subject, present day practice, textbooks, ete.; that the head of
the department of mathematics should be largely responsible for the
organization of the course of study in mathematics in the training
school in cooperation with the department of education and the
supervisors in the training school; that tlie head of the departnient of
mathematics should aid in the supervision of the teaching of mathe-
matics in the training school; and that he, as well as the supervisors
or critic teachers, should be able to give, demonstration lessons in
the training school illustrative of principles of teaching developed
in the “methods” class, and that the points of emphasis in all ob-
servations, discussions, plans, and criticisms should be upon the
basis of fundamental principles rather than upon petty details.

The aim in the whole professional consideration of mathematics
for teachers of these grades is, broadly, to give acquaintance with
the fundamental principles of teaching arithmetic, of the organiza-
tion of its subject matter, of its place in the educational scheme, and of
its historic development. The teacher should be given theypedagogi-
cal outlook and perspective of arithmetic, as well as the ways and
means of teaching its details. He should know enoligh of the
psychology of number to enable him to secure healthy interest and
adequate drill and to sacrifice neither at the expense of the other.

The greatest problem of all at the present time would seem to be

+ to find teachers for departments of mathematics in normal schools
who themselves have the wide pedagogical outlook desired for such -
work. When teachers ‘can be found who have its larger perspective
and who will regard the training school as the laboratory for de-
veloping insight, intelligence, and a minimum of skill in the teacher
to be sent out into the field at large, this vital, daily union of theory :
and practice will do much to increase the efficiency of the prospective -
teacher in elementary mathematics. :

]
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SUBCOMMITTEE 5. MATHEMATICS IN GRADES SEVEN
AND EIGHT OF THE PUBLIC AND PAROCHIAL SCHOOLS.

SCOPE OF THIS REPORT.

Tt was desired that this subcommittee make a special study of the
followifig topies for grades seven and eight in public schools and in
pu.r%chiul schools: (a) Thé organization of the schools. (b) The
mathematjcal curriculum in each type of school. (¢) The question
of ‘examinatiofis from the point of view of the schools. (d) The
methods employed in the teaching of mathematics. (e) The parochial
schools. .

Tt was *xslrod that the report present both present cnndmons and

‘tendencies.
: SOURCES OF INFORMATION.

In addition to general knowledge of the ground covered by this
‘report, use has been made of the following sources of information:
"(a) The teaching of elementary mathematics. Prof. David Eugene
Smith, Maemillan Co.  (b) The teaching of arithmetic. Prof. David
Iun"ene Smith, Teachers (‘ollege Press. (c¢) The teaching of mathe-
mntlcs Prof. J W. A. Young, Longmnnq, Green & Co. (d) Courses
-of study of leading cities. (¢) Responses to a questionnaire sent to
leading cities.

DEFINITIONS OF TERMS.

The term elementary education is probably not as well defined as B
it might be. In general it is that edueation which- by common
practice is deemed desirable and necessary for preparation for the
duties and rights of citizenship. It is made compulsory as a rule.
by the laws of the various States for children between the ages of
6 and 14 years. The term public as applied to schools is used to
denote those schools which are -conducted at the expense of and under
the control of the various State and locaf political unite; tuition in
these schools is withont expense. For a more complete discussion of
the units-see the report of the general committee humber:one. The
term “ grade ” is used to_denote each of certain divisions into which
the work of the elementary schools is divided. As a_rule there are
eight such divisions. One school year of from 35 to 40 weeks is
reqiiired for a pupil to complete the work of one grade, excepting
that bright pupils are permitted to do the work in less time. In
larger cities a year or two of prehmmary (kmdergarten) Ywork for
children between the ages 4 and 6 is sometimes given. The eight
main divisions are called respectively the first grade, second grade, ]

. étc. In some parts of this country, notably New England, there is
a shghtly different division of the course. The function of this - ’
committee is to study the mathematical work in the last two grades .
of the elementary course. : : _ c
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SPECIAL INTEREST IN THESE GRADES. -

There are several reasons for special interes in the work of

these grades. The mathematical function of the first six grades is
v to give the pupils control over the mechanics of n'l:itlunetic, over
the fundamental number, facts and processses. The function of the
upper grades has not been. as well defined. There are several in-
fluences at work affecting the whole curriculum of these two grades.
. . - .

and especially the mathematical course. The results of certain
psychological studies are especially applicable here; these two grades
comprise the last part of the compulsory education of the children;
they precede the high school; they correspond with certain sections
of the school course of European schools, which are included in
the secondary curriculum,

INFLUENCE OF PSYCHOLOGICAL STUDIES.

No effort will be made-to go into great detail on this point; at-
tention will be directed briefly to certain conclusions reached by
psychologists, which are especinlly effective in modifying the mathe-
matical work. -

The doctrine of formal discipline is accepted now in only a modi-
fied form so that it is no longer deemed sufficient to claim for any
subject that it Lias great disciplinary value. - The educatiom] value
of all subjects, including mathematics, has been and is being sub-
jected to close scrutiny with the result that subjects and subject
matter long retained in the curriculum, through regard for tradition,
are being displaced by new material, equally valuable -as means of
training, but more representative of current life. When this is not
the result, old material is frequently dropped without any such
substitution, on the ground that it neither has valuable cdntent nor
is necessary as means of training. As in all reforms, there'is a tend:
ency to go to extremes in this, especially with regard to mathematics.

" The willingness of the mathematicians to subject their science to
the test of the new doctrine has invited the less sympathetic scrutiny
of others who are not interested jn the subject. The result is a tend-
ency to demand more of mathematics in this respect than of other
subjects.

The doctriggof interest as essential in training the will is generally
accepted as valid. Systematic efforts to study child life and needs
have served to call attention to the special interests of children be-
tween the ages of 12 and 15 years, who are just entering the adoles:
cent period of life. The importance of safeguarding nervous energy
at this time is generally recognized; the need of training the hand
.and the eye along with the mind, the necessity of vita] contact with
‘new material rather than theorgtical study as a basis of real interest

and comprehepsion are among the results of this movement.
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INFLUENCE OF COMPLETION OF ELEMENTARY COURSE.

A large majority of the pupils of the schools do not go on to high
school after completing the eighth grade. There are many reasons
for this. The laws of most States do not permit the employment of
children under 14 who have failed to complete the-eighth grade. Many
who are kept in school thereby avail themselves of the opportunity
to seek employment as soon as they have comi)letéd the grade. In
nany cases the need of getting employment is urgent; in others, the
opportumty to do so, the fact that the organization of the schools
makes completion of the eighth grade a definite scholastic achieve-
ment, and the interests of pupils at this age lead many children to
leave, even when their parents are in financial position to send them
to high school. Many parents and pupjs feel that the next stage of -
education is dominated too much by cultural ideals of education of so
general a nature that the pupils are not trained for apy form of re-
munerative employment. As evidence of this belief ohgPfuay point
to the large number of pupils who have graduated from the eighth
grade who attend private schools where tuition is charged, called
commercinl schools, and to the fact that new forms of secondary edu-

" catioti which have been provided in some localities seem to meet a real

©  dJemand without in any way decreasing the demand for the custom-
ary forms of sécondary educatién. For these various reasons there
is u large shrinkage in the school population in the passage from the
eighth grade to the high school.

Those in control of the educational work of the country are more
and more allowing this fact to’ influence the course of study in the
seventh and eighth grades. There is increasing emphasis on such
training as will definitely equip the graduates for their future lives
as individuals and as citizens of the community Forms of manual
training are provided and commonly, when it is 1mpossnble to fur-
nish the equipment .for all of the grades, provision is made for the

“pupils of the two upper grades. Owing to the replization that this
vocational training is inadequate, there is ut present a growing in-
terest in industrial training. This movement which is destined to

- spread is certain to have its effect upon the mathematical work of the
seventh and eighth grades

INFLUERCE OF PREPARATION FOR HIGH SCHOOL.

It has been mentioned that many pupils who are ready for the
‘high school fail to enter. It has been felt that sofme pupils might be
led to go on to the high school if they could haye in the eighth grade
. the beginnings of some of the high school subjects. For this reasop,
i Latin, algebra, and a modified English oouu7z are urged as dJsxrable .

/.
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* eighth grade work in the hope that pupils will be unwilling to dis-

continue these subjects after they have once started them. In moyo
recent years there is a reaction against this plan on the ground that
these subjects are not properly within the scope of elementary edu-
cation as defined. At the present time there are the beginnings of a
new administrative policy to accomplish the same end. Schools are
being provided in some of the systems which are designed for pupils
who do plan to go on to high school or whose parents wish them to
have this relatively more academic training. Tn these schools algebra
will easily find a place. It is likely that the future will see n growth
of this idea. - , L .

Agnin, for various reasons, the pupils who enter the high school

“find the work of the first vear unusually difficult, so that many of

them.leave school during this period. It has become customary on

~ - this account to speak of the “ gap” hetween the eighth grade and
_the high school, and it is génerally admitted that better articulation
is necessary there. The efforts to “ bridge the gap " have included -

attempts to modify the work both in first yvear high school and in the
eighth grade. In the eighth grade there has been an effort to con-
centrate upon essentials of arithmetic on the one hand, and on the

_ other to prepare the pupils for high-school work by introducing the
beginnings of algebra into the eighth grade work. There are two

tendencies to-day which are likely to lessen the influence of prepara-
tion for high school as a modifying force in the eighth grade: first,
there -is the spirit of independence which characterizes the efforts of
each of the larger units of the educational system, us an evidence of
which in the elementary school is the bhelief that their main function
is not that of serving as a feeder for the high school; and second,
the spirit of responsibility on the part of each unit to take up its work
where the previous unit has left off. This latter tendency is much
more noticeable among secondary nathematics” teachers than for-
merly. '

»

INFLUENCE OF EUROPEAN CURRICULA.

The object lesson of European schools which provide under one
administrative unit educational facilities for children from the age
of 9 or 10 to 19 or 20, inclusive, has furnished considerable support
for the idea that the essentials of elementary school work should be
completed in a shorter time so that pupils may be started upon their
secondary education at an earlier age. This has been urged, especially

_ in mathematics, where it means a change particularly in the upper
grades. This idea received the support of the committee of fifteen

and the committee of ten of the National Education Association.
While four influences have been enumerated, it is clear that each

- _afects the others, so that they are not independent. In particular
. this last is-intimately associated With

the preceding-one. These two
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in & sense are antagonistic to the other two since these place the
emphasis upon secondary education, while the others throw emphasw
upon the elementary phase of educahon The last two are still in
favor among the schoolmen especially, as in the past, whems the
former are supported equally by public opinion.

- RURAL AND PRIVATE SCHOOLS.

The schools of the rural districts do not, feel all of these influences

ssstrongly as do.the urban schools. There is a growing effort to

- adapt the rural schools to the needs of the community, a movement
identical with that noted in connection with urban schools. There
is strong feeling of the importance of directing attention to the
advantages of agricultural life.  This influence will increasingly
affect the work of the upper grades.

In private nonparochial rchools the ihfluences mentioned in para-
graphs 7 and 8 are especially potent. The pupils of these schools
usually go to the high school and college. In parochial schools.there
is wenally reflected some of the educational policy of the public
schools, in addition to the special educational policy af the parochial
school. In the eighth grade of parochial schools the special function
of these schools reaches its consummation in the specific training of
the pupils in such sectarian studies as enable them to enter the church

. with which the school is connected.

URGANIZATION OF THE GRADES.

In organization there is nothing particularly distinctive about the
seventh and eighth grades. In their relation to the grades below
they come under. the genernl school administration which controls the
. first eight grades. For a discussion of this orgunization see the
report of the committea on gvnernl elementary schools. In their
reiation to the schools apove there is some difference. At the close
of the eighth grade the pupils are usually given a diploma as a sign
of having completed a definite stage of their education. This diploma
as a rule entitles the holder to admission to the high school of the
same system and usually of any other school system. The diploma is
obtained after comphance with the ordinary requirements for pro-

certain requirements in the way of examination, which will be dis-
- cussed in a later parngraph In some cases a special examination
is required before a pupil is promoted to the high school.

THE MATHEMATICS CURRICULUM.

There is a lack of uniformity in the curricula in these two grades

greater than.in the lower grades. Two classes of currlcula must be

. considered : () Those which do not provide any work in afgebra and
geometry, (b) those which do provide such work.

motion. Promotion is determined by the teacher of ‘the class with
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i.~ . For those schools which do hot provide any algebra in the eighth
grade (and in the country at large these schools- are in the majority),
the mathematics course may be arranged on the topical plan, the
spiral plan, or & combination of the two. By a topical plan is meant *
one in which the subject matter is divided according to mathe-
matical topics; numeration, notation, and the four fundamental
operations are discussed in order for integers, then the same topics
for fractions in the common form; then for fractions. in the decimal

" form; then percentage; then the applications of percentage to business
life. By a spiral plan is meant one in which within a given range
of numbers, say one to one hundred, notation, numeration, and cer-

- tain processes are considered; later the range of numbers, the kind
of numbers, the processes, and the difficulty of the applications are
extended repeatedly. By a combination of the two plans is meant a
course in which, while the spiral plan is\do;’ﬂed in spirit, at various
stages of the course certain mathematical ideas are stressed sq, that
theréﬂftel‘ they may be counted on as part of the working knowledge
of the'class, subject to recall after only slight review. _

In the past the topical plan has been especially in vogue; af the
present time more progressive courses of study are modeled after the
third plan; the second plan has had some support, but has never had
very general favor. It is probably true that the topical plan in its
extreme formgor in a modified form is the comimon plan in the ma-
jority of the schools of the country. By a modified form is meant
that typified by a series of texts consisting of two or three books de-
signed to furnish together the necessary material for an eigh{ years’
course. Each text usually covers the fundamental operations for
integers, fractions, and decimals, with additional topics in each book. -
One book is to be used for from two to four years.

‘Usually the mathematics gourse i guided by such a text. In'this

- event the pupils learn in the first six grades the fundamental proc-
 esses for integers, fractions, and decimals, and denominate numbers,

- . The work of the seventh and eighth grades consists of the following:
A review of this foundation work; special attention to percentage
end its most common application, simple interest ; other business ap-

. plication of percentage; mensuration of plane and solid figures. The
list of applications of percentage inclides such topics as bank ac-
counts, partial payments, commercial and bank-discount, partnership,
insurance, taxes, stocks and bonds, exchange, and interest. In men-

" suration is included the discussion of the area and the voluime of the

- common plane and solid figures, square, and cube root, . Besides these

" topics, the metric system, longitude and time, ratio, and proportion

- are commonly included in the texts. On “account of the influences

 moted in’ former parsgraphs, the tendency in the better schools of

¢




- about the railroad, the mining, the agricultural, the manufacturing

- lems involving the local tax rate, local real estate values, local inter-

" Under banking for example, the nature, function, and conduct of a

_ problems.
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the country is to work for thoroughness and utility by oxmt,tmg
such topics as partial payments, partnership, exchange, bank dis-
count on interest-bearing notes, the more difficult wotk in stocks and
bonds, longitude and time, some portions of the mensuration of
solids, cube root, and the metric system. In short, there is great free-
dom in omitting such topics as'are not in harmony with modern life
or as have been found unnecessarily confusing for the pupils. The
time thus gained is devoted to the remaining topics and to addi-
tional drill on the essentials,

The problem material is contained as a rule in the book-which each
pupil possesses. These texts.are written for the country at large,
not to suit local conditions. The problems are designed to illustrate
the particular mathematical idea or application under discussion;
they are usually miscellaneous in character. The influences noted in
former paragraphs are responsnble for a new attitude toward the
problem material. ‘An effort is now made to have one set of ideas -
running through a particular set of problems. For example, the
arithmetical idea being discussed may. be percentage; instead of giv-
ing as problems a miscellaneous lot of applications of the percentage
idea, the problems may all be based upon information about the
population of the country for a perlod of years. In other words, the
problem material possesses a certain unity, as a result of which in-
formation is conveyed to the pupils on the subject from which the
material is;drawn. A second characteristic of the problems now
coming into use is that they are selected so as to give the children
some insight into industrial, business, and al conditions of the
city, the State, and the country. Thus there'are groups of problems -

interests ; about the population, area, and the wealth of the city, the
State, the Nation; problems drawn from the local newspaper; prob-.

est, discount and commission rates, the stocfs and bonds of local cor-
porations. This material the teachers must place before the pupils
either orally or on the blackboard, although some school boards are
issuing pamphlets containing these supplementary problems for use in
their own schools. This is a serious attempt to socialize arithmetic.
Tt makes the course consist less of figuring and more of discussion.

bank is discussed; under stocks and bonds, effort is made to show
again the kinds, purpose, value, and manner of sale of bonds and
stocks; under taxes, the various purposes for which taxes are col-
Tected and the sourcesifrom which they are obtained. The content of
the problems is conmdered quite as mportant as the solution of the-
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* algebra and these were schools of the larger cities; taking the coun-

* Algebra was introduced into and is retained in thegrades for a
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COURSES CONTAINING ALGEBRA.

The other type of course in mathematics includes some work in
algebra, and sometimes in geometry. These courses vary even more
than those discussed previously, because the work is relatively
new. Insome places the arithmetic work of these two grades is cur-
tailed and condensed so as to be completed entirely by the end of the
seventh grade or by the end of the first half of the eighth grade, the
latter being the more common plan; the remaining time is then de-
voted to algebra. In other places, work in algebra is introduced into
the seventh and eighth or the eighth grade without! dropping the
arithmetic; there is in this case little effort to bring about any vital
connection bet%een the two subjects; the time is merely distributed
80 as to cover the two subjects. Again, in a few places, an effort is
made to introduce the ajgebra into the arithmetic course in s natural

Whén algebra is taught in either of the first two ways, the work
is guided by a text. This text is in some cases a brief elementary
algebra written for the eighth grade classes, or consists of a few
chapters added on to the arithmetic text. As a rule, the sequence of
topics covered is that of the usual high-school text. When the al-
gebra is introduced in the third form, it is presented through the
regular arithmetic text, where it is introduced as opportunity per-
mits. For example, preceding the work in percentage, the first no-
tions of literal numbers are introduced; then the percentage law is
expressed as a formula, p = br. Thereafter this formula is used inN\
the solution of problems, for example, such as require the determina-
-tion of the rate when the base and the percentage are giver. Later
this literal arithmetic may be extended, although it is quite clear that
no very extended amount of algebra can be introduced in this natural

- So far an pttempt has been made to ‘present briefly the various
forms in which algebra is faught in the grades. No definite statis-
tics are available to form the basis of a definite statement as to the
prevalence of the teaching of algebra. One investigation showed
that about 30 to 35 per cent of the schools of a certain class taught

try at large, it is unlikely that more than
teach the subject.

- PURPOSE OF ALGEBRA IN mp‘omns.“} e

this percentage of them

number of reasons.. Some hoped thereby to interest some pupils in -
the subject to such an extent that they would be led to enter high
sohool to complete it; others hoped that thereby the pupils who did -

o
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enter high schaol would have a more successful time in their mathe-
matics work—in other words, it was a device for “ bridging the gap.”
With others, there was the desire to “ abridge and enrich ” the arith-
metic course; after abridging it, they felt that the natural means
for maintaining the mathematical element in the curriculum was to
introduce the next higher mathematical subject, which happened to -
be algebra. It was hoped by some that the use of the literal number
and of the equation would eliminate some of the difficulties the pupils
experienced in analyzing and solving some of the arithmetic problems
in the eighth grade course. Those interested in the mathematical
. element in education desired to carry to another stage of their logical
generalization certain arithmetical ideas.

Two tendencies in regard to the position of algebra are to be
noted. With the public at large, the subject has never appeared as
one of any “ practical ” value. With the current tendency to exalt in
the schools those subjects which appear to have pmcncal ¥ value
is coming a feelmg that algebra does not have a place in the eighth
grade, especially in the form in which it has been taught. One of
the largest cities of the country has recently entirely dropped it from-_
the course, replacing it by the study of certain phases of local history
and local business and industrial conditions. Another city, some- -
what &maller in size but recognized as progressive in educationsl ef-
forts has introduced about the same idea into its course, ‘although
there the next tendency to be mentioned has been recognized. These
efforts, entirely independent, are typical of the feeling in some of our

- school systems.

The other tendency is toward an extension of the third plan of
teaching algebra. There is in this country a growing belief that in
the past too sharp lines of demarkation have existed between arith-

metic, algebra, and geometry and there are efforts being made to
bring the thrce into closer relation. In the elementary school, as
early as the sixth grade, certainly no later than the seventh, certain
elements of generalized arithmetic should be introduced and should
be carried along,with the arithmetic until the pupils become’familiar
with literal notation and the equation. This work is not properly
called algebra as the number field would not necessarily be extended
to include negative as well as positive numbers. This form of literal

_arithmetic presents all that is practical of algebra for ordmary pur-
poses. So much of it is decidedly of utilitarian value since the
mechanics of to-day who ‘wish to read trade ]ournals need to be
familiar with it. This form of literal arithmetic has in its favor most
if not all that can be said for algebra as an eighth-grade subject.

It seems probable at the present time that these two tendencies

~ will beconte more pronounced, i. e., there is almost certain to be more |
o dmtmfnctxon w:th the extreme form of nlgebra brougbt dovwn ﬁ'om
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the high school, and as'teschers are trained for the work, there is té
be, it is Lioped, greaterinterest in the form of generalized arithmetic
outlined.

GEOMETRY IN THE GRADES. . -

The mensuration of certain geometric figures has always been in-
v cluded in American arithmetics. In recent years, as has been said,
' there has been a decrease in the extent of this work. It was formerly
‘the practice to have this work consist mainly of definitions, formulas,
and problems. This has been changed by giving experimental and
intuitive verifications of the formulas. It has been uncommon to have
any other form of geometry, except in isolated places where some
form of constructional, inventional, or concrete geometry has been
introduced. The motive has been to teach certain elementary ideas
of geometric forms, to train the hand in the use of customary drawing
tools, to train the eye in ite judgment of geometric forms and
_ relations, and to train the mind in-such general functions as obser-
vation and generalization as pertaining to. geometric data. This
-* work has been attempted usually under the guidance of a pamphlet
prepared for some specific school by those interested in such work.
‘The movement has not spread much. Possibly one reason for the
slowness of the introduction of this work has been the custom of in-
cluding in the art course usually given in American schools some
“ mechanical ” drawing—constructions with the straightedge and
" compasses. This custom has been‘unfortunate, at least from the
mathematical standpoint, as, in the drawing course, the emphasis has
been upon. the results; the possible cultivation of desirable habits of
- geometric study, and the possible training of the powers of observa-
- tion and generalization have been largely neglected. A further
- redson for the lack of such is the scarcity of teachers acquainted
with and prepared to_teach geometry inductively. The majority
have studied geometry only in the Euclidean form.

*

‘< . ' EXAMINATIONS.

Examinations given in the schools are of three kinds: () Those
given by the teachers themselves; () those given by the supervisory
officers of the sehools; (c) those given by a school to determine the
qualifications of pupils who wish to enter the school.

The examinations given by the teachers are of two kinds: The
ordinary written recitation and the stated examinations which may -
- be required by the school regulations. The first should not be called .
. - ‘examinations in one sense of the word, since they cover usually only:
- # short interval of previous instruction and are given as a means of
;. affording the same sort of drill for all of the class or as a means of

- . detecting wealmesses as a basis for further teaching. Such written

9
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lessons are left entirely to the teacher, a.lthough it is advised that
they be given frequently. Such “ examinations” are in every respect
desirable. .

The other form of etammatmn glven by teachers is more formida-
ble. Most school systems provide that the standing of & pupil in a
class shall be determined in part by examinations given at stated
times. The examinations may occur monthly, quarterly, semiannu-
ally, or annyally. They count from one-half down in determining a
pupil’s stnngng. When the questions are prepared by the teacher,
the questions and the papers are at the disposal of the principal or
other supervisors. The teacher has an opportunity to adapt the
examination to the.capabilities of the class, and can allow for the
mdmdualnty of the pupils. Under this plan a sympathetic influence
is likely to pervade the examimation. As a means of administration
this' form of examination depends for its success ,upon the teachers
and the opportunity of inspection. As an educational practice it is

" to be commended as compared with those examinations which are

not prepared with the same sympathetic recognitionsof the pupils’
interests, which the teachers are hkely to display.

"As a rule uniform tests are given in most school systems for ad-
ministrative . purposes. The questions are prepared either by the
superintendent or by g committee of principals or teachers—usually
principals—working under the direction of the %upermt,endent In
few cases do the teachers have any choice concerning the questions
.which they submit to their classes. The teachers grade the papers
and then submit them to the principals. These examinations are
given to set standards of work, to interpret the course of study, to
promote uniformity throughout the system; to bring out the weak
points in the teaching, and to point out conditions in the school.
In some cases it is urged that these examinations train the pupils to
prepare their thoughts on a subject in good order in a limited time.
In general the interests of the- pupmls are served only indirectly by
these examinations as the emphasis is upon the administrative ad-
vantages. The results are sometimes used in determining a pupil’s
fitness for promotion, although it is seldom that failure in these
examinations is allowed to retard a pupil’s progress.
. 'These examinations: are an effective administrative device. Their
success depends upon the experience, the wisdom, and the ideals of
the supervisory staff. As a rule, these examinations do not meet
with favor among the teachers. There is a feeling that the test is
one of themselves rather than of their pupils. From what has been
.said *fhis appears to be true, although it depends upon the purposes
of the supervisors. The better teachers recognize the advantages to
be gained, and, having the proper professional spirit, they are willing
to have their work oompared w1th that of their collesgues-m other :
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‘Wey the needs of weak pupils, In some schools special teachers are

 schools. The examinations are opposed also because of their effect
upon the pupils. It is contended that the pupils are subjected to a .

severe nervous strain so that they do not do themselves or their
teachers justice. This is possibly true. The evil results, howewer,
may be minimized under wise supervisiop. If the teachers adequately
prepare ‘the pupils for the tests by reviews, and if the tests are
adapted to the possible ability of the pupils, the evil results men-
tioned are not necessary. In the larger cities the difficulty of con-
ducting these examinations is great, owing to the wide diversity in
the population in various parts of the city. - Another objection raised
to such examinations is that thereby the teachers are hampered in

their work, with the result that there is little progress from year to

year. Thisagain may or may not be true, dependent upon the super-
vision. As a rule, the supervisors of the schools will see that the
tests promote rather than retard progress, : o

Another form of examination proposed at the present time is that

_ designated as the “ standardized ” test. For a complete discussion

of the nature of these tests, see the report by Dr. C. W. Stone, in the
report of subcommittee No. 2 of this general committee. _As to cur-
rent practice, it is safe to say that little work of this nature is done
in the schools. As to tendencies, there is little evidence upon which

-to base a statement one way or'ancther. It would seem well for

those in charge of the general tests just discussed to introduce ‘into
them such of the elements of these standardired tests as seem appli-
cable to their needs and purposes.

In the eighth grade tests are sometimes given to determine the
fitness of pupils for promotion to high scbol. This is not a common
practics, howewver.

METHODS OF INSTRUCTION.

It is possible to speak d‘;ly in a general way of methods of instruc-
tion as these vary with schools and.with teachers. Much that can be

said on this topic for the two upper grades would apply equally well

for the other grades.
© CLASS INSTRUCTION. _
In all of the schools instruction is given to groups of pupils vary-

ing ih number from 5 to 30 or more—groups called classes. The aver-

age size of classes is probably in the neighbarhood of 20 and a strong

.. effort is being made in all cities to cut down larger classes to this
‘number. This form of instruction is called class instruction. There

have been numerous attempts to modify this form of instruction f>y
various forms-of individual instruction in order to meet in a better
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employed to take charge of any pupils from any class who are back-
ward in their work. As a rule, however, the regular class teacher
does this herself either before or after regular school hours. An
offort is made of course to organize the classes so that all pupils in
thaclass will have as uniform ability as possible.

. - RECITATION AND STUDY TIME. _ o

-

In most schools the arithmetic class meets daily for from 20 to 30
minutes. This time is known as recitation time. Besides this the
pupils of 4he class usually have in school another period of equal
length for the study of arithmetic. This makes the total time for
arithmetic vary from 200 to 300 minutes per week.- In most schools the
children do no studying on arithmetic at home; in the upper grades
they probably do, although the tendency to-day is tg relieve pupils
- of any home preparation in mathematics in the elementary schools.

Each pupil possesses a book. This book is not merely a collection of
. problems; it is usually a text providing the necessary theory and such
explanation as seemed wise to the author. From the terminology
used to denote the two periods, it is obvious that at some time the
pupils. were expected to prepare themselves in the “study ™ period -
on certain assignments in the text upon which they later recited in
‘the “recitation” period. This was especially true in the upper
grades, and unfortunately is probably true in many . classrooms to-
day. In the majority of schools this condition has undoubtedly
changed ; the recitation period should properly be called the “ teach-
.ing ” period and the study period might better bé'called the “ work ”
period. The class time was formerly given over often to indiscrim-
inate recitation on the solutions which the pupils had performed out-
side of class; it is now given over either to carefully planned drill or
to instl_'.ii%tion by the teacher on some new topic. The study time is-
used to supplement the class time. '

DIVISION OF THE CLASS TIME.

One of the characteristic-features of the teaching period is the men-
tal work. It is common practice to direct the teachers to devote from
one-third to one-half of the class time to oral-mental work. It is oral
in the sense that the teacher gives the directions orally; it is mental
in the sense that the pupils perform the necessary computations with-

- out use of pencil and paper. The responses of the pupils are given
either orally or in writing. This work is designed either to main-

~ tain efficiency through wise drilling on topics previously taught or
to lead up to and teach some new topic. This must be considered a

. feature of current teaching method, since formerly much of the class -
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-time was given over to “ recitation ” by the pupils on work which they
placed upon the blackboard. :

"t There are occasions when it is worth while to have the whole class -
solve problems in writing; this is especially true in the upper grades
where the conditions of the problems become more confusing, Asa -
rule, however, written work is done outside of class. In the past
pupils have been reqitired to present more or less elaborate analyses
of the solutions for their problems. The desire was to have the pupil
set forth in detail the process of thinking by which the solution was
accomplished. The advantage of such solutions to the teacher is ob-
vious; it is an equally obvious fact that such formality is entirely
foreign to the natural, rational mode of presentation which an adult
would use in ordinary life. Such a requirement is subject to criticism -
also because it confuses the pupils. The tendency now is to ask the
pupils to give a clear _presentation in good form; in the upper grades, '
they are encouraged tQuse any “short cuts ” of which they know, and
to do mentally as mugh of the computation as they can. Another. re-
form which has beer/accomplished is the discontinuance of elaborate
forms of ruling onghe papers, a practice which has been altogether
too prevalent'in thejpast. :
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RAPIDITY AND ACCURACY.

The teachers of the upper two grades seek to develop in their pupils
skill in computing which will enable them to perform ordinary cal- .
culations with rapidity and accuracy. In the lower grades the pupils
are taught the processes and the number facts; in the upper grades

“the emphasis is properly turned in this other direction.

The mental work has this as its aim. The pupils are frequently
given problems to solve in a limited amount of time; they are en-
couraged to compete with one another by being invited to rise when
they have solved the problems; they are.given honorable notice in
various ways for achievement in these respects, .

\

CONCRETE METHODS.

On account of the influences mentioned in former paragraphs, the
teachers endeavor to make.the instruction as concrete as they can
without going to the extreme of objectifying relations which are
obvious. Thus in the discussion of commercial forms, actual samples

* are exhibited; checks of some real or imaginary bank are drawn in
class; account books are kept by the pupils and are balanced monthly,
each child filling in records of real transactions when possible;
interest-bearing and noninterest-bearing notes are shown; banks are -
visited or conducted in the schoolroom ; the class resolves itself into
.8 stockbroker’s officé, one member acting as the broker and the

nr;‘;a}éix}".'-'.:l_f;;,{.J.;..'t.-'-.. N S
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remaining members of the class acting as buyers of sellers of sfocks or -
bonds. In mensuration, actual measurements are used when possible;
problems are sought in the manual training department; formulas
are obtained by experimental methods instead of being taken on
faith and then used. The teachers endeavor to give to their classes
clear impressions of a few things rather them superficial word knowl-
edge of many things.

DEPARTMENTAL TEACHING.

Ono especially characteristic feature of the seventh and eighth
grade work is the practice of having the mathematics, and some of the
other subjects, taught by teachers who &s a rule teach no other sub-
jects. In the lower grades this is not common. This is known as de-
partmental instruction. It is quite common in the larger school
systems and is being extended as rapidly as circumstances permit.
The teachers in charge of the departmental work are usually the more
experienced teachers of the system and as a rule have had special
training for their work. In many cases college graduates are obtained
s for these positions, whereas usually the teachers in the elementary
schools do not have collegiate training.

Departmental instruction is favored because of the obvious od-
vantage of having for this upper grade work teachers who are
'specially interested in and qualified to teach their subject. Depart-
mental instruction has the diszdvantage of placing the training of
young children in the hands of each of several teachers, working
‘independently, with the result that often the emphasis is placed upon
teaching the subject rather than upon the education of the child.
This difficulty is obviated by wise supervision, under which there will
be cooperation between the various departmental teachers in any one
school.

INDUCTION AND DEDUCTION.

It is very likely that no conscious thought is given to these two
types of teaching methods by the majority of teachers. At the same
time it may be said that the instruction is either by inductive methods
or by rule followed by practice. The habit of proceeding from “ the
known to the unknown,” from “the simple to the complex,” is so
characteristic of the teachers that they &pproach new topics when-

* gver it is possible by inductive means. For example, the niature and
the meaning of “ paying interest” for the use of money may be ap-
proached through the acquaintance the pupils have with the practice
of paying “rent” for the use of a house; the nature and meaning
of shares of stock may be approached through the pupils’ experience

in contributing their share toward the expense of a picnic. On the

N
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other hand, when it comes to & process such as finding the square
root of a8 number, the books as a gule develop the process in the usual
way with the aid of the formula for the square of a binomial; but
the teachers are commonly advised to simply illustrate the process
and then fix it in the minds of the pupils by adequate drill.

THE PAROCHIAL SCHOOLS.

This investigation covers the field embraced by Roman Catholic
parochial schools, which number in the United States 4,845, having a
total registration of 1,237,250 pupils. These schools outnumber other
schools maintained by any single church organization, and for this.
reason they are selected for this investigation. In general they do
not charge any tuition, unless to pupils not residents of the parish.
They are in most cases supported by the Roman Catholic Church
from a fund voluntarily contributed by members of the church. In
many instances, however, where such a fund does not exist tuition
is charged at 50 cents & month for the lower grades and $1 a month

or more in the higher grades.

The committee finds none of them to be endowed in any way or to
receive any State or municipal support.

= _The Roman Catholic Church divides the United States into 70
dioceses, in each of which a board of supervisors has charge of the
educational work in the parish schools, It is the business of the
diocesan board to make out the course of study for the various schools,.
select the books to be used, and to pass on any matters pertaining to
the work of the schools. '

The teachers, being generally members of religious orders, are
appointed by the superior of the order to which they belong, as rec-
ommended by a committee acquainted with the attainments of the
candidates. The'different religious orders have a community inspec-
tor of schools who reports to the superior on the efficiency of the
teaching staff. The following syllabus of mathematics as taught in
the seventh  and eighth grades is selected as representative of the
better class of schools and is from the Philadelphia diocese.

‘ARITHMETIC—SEVENTH GRADE.

(1) Drill exercises for accuracy and speed. 4(2) Miscellaneous problems in-

volving fractions. (8) ‘Muitiplication, division, and miscellaneous proble‘ms on

. decimals. (4) Denominate amounts: (¢) Measurements, extending to' circle

# . and cylinder; (3) cdmpound amounts in use; (0) longitude and time. ()
. Percentage: (4) Review and extension of gixth year's work; (b) bank discount.

*+~ (6) Ratlo and proportion: (a) Ratlo; (b) stmple.proportion; (c) proportional
- ‘ ARITHMETIC—EIGHTH GRADR. : ]
(1) Common and decimal fractions; nndeﬂylng principles ' considered and

. applied. (2) Deniominate amounts. ' (3) Percentage: () Review and extension I

M———————.
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of seventh year work; (b) stocks and bonds: (c) compound interest; (d)
drafts and exchange; (e) partial payments. (4) Proportion and partnership.
(5) Powers, roots, and meusuration. (6) Review of practical measurements:
(a) Plane surfaces; (b) triangles, quadrilaterals, regular pyramids, right cylin-
dern, right cones. frustums of repular pyrumide, and cones, spheres; (c¢) similar
figures.

ALGEBRA—-QEVE\TH GRADE.

(I\B&pmnntlon of algebrale terms to be employed nnd iNustrations of their
nses.  (2) Literal expreasions; thetr numerical vslue obtalned. (8k Compari.
son of arithmetical and nfgebraic solutions of simple problems, and sofution by
algebra of many such problems. (4) Posltive nnd negative gquantities explained
and practical problems employing their uses cousidered. (5) Addition and
subtraction. (G) Parenthescs. (7)) Multiplication and division. ’

..\l,(.EBR\ —EIGHTH GRADE.

(1 ](o\lv“ of nddition, parentheses, multiplieation. and dhigm. (2) Com-
position and factoring.  (3) Highest common divisor and ]owest common mul-
- tiple.  (4) Fractions. (5) Simple &uations. 0
The average age of pupils entering the seventh grade is between
12 and- 13 vears, and at lenving the eighth grade about 14 vears. In
nbout half the schools reporting, promotion from grade to grade is
determined by the teacher. In the renmining schools promotions
are recommended by the teacher and determined by the principal.
All schools average.the class work and examination in determining
promotion, usually each counting 50 per cent, but a few. giving two-
thirds eredit for cluss work. In the case of seventh und eighth grade
examinations, some schools give the questions as made out by the
city superintendent of public schools, and papers are marked by
public school authorities for eighth-grade examinations. Where |
: Catholic high schools exist the principal and teachers make out the
questions, while the examination is conducted by the teacher and the
papers are inspected by higher authorities. About one-fourth of
the schools permit of a choice of ten questlons out of eleven, the
others allowing no choice.

Regarding promotion after failure fo pass in a mnthoumtlcal sub-
ject, a wide diversity of practice exists. The question asked in this
respect was, " To what extent does failure-in a mathematical subject
retard a pupll s progres.s? " Some answers received were as follows:
“ As a rule, a mark below 60 per cent in any mathematical class re-
quires a repetition of the class™; “ Considerable deficiency influences
a pupil’s promotlon " “Not kept longer than two years in a class”; |
« Mathematics is one of three studies on, which promotion is based ”;
“ Conditional promotion is given, but is withdrawn if progress 18
not made?; “ Must cover program again®; ¢ Must stay in class?
*“Those notably. deficient are not promoted ": “Debars pupil from
promotion”; “Passes to next year's grade if only failure is in
mathematics.” ' -
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‘Promotions are made annually or semiannually about equally. In
regard to the object 1nﬂuencmg the teaching of mathematics, prep-
aration for high school stands first, the demands of the business
world second, and about 20 per cent report discipline and culture as
the predommahng influence.

Oral work in class, which is given in all schools, varies in extent
from 12 minutes to half the recitation period daily, and nearly all
schoo)s report a preliminary discussion of newly assigned topics
until a sufficient knowledge to proceed has been obtained.

The size of class varies in different localities from 10 to 63, the
average class for the seventh grade being 34, and for eighth grade,
27. The usual time spent in recitation per week is 200 minutes with
150 minutes per week gnen to study in school. There is also some
home work given that requires about 30 minutes nightly.

- Tn the eighth grade, the time given to recitation and study are
about as shown for seventh grade, and some algebra is often intro-
duced. :

" Reforms contemplated are, * more oral work.” “ to apply the work
to problems of personal interest to the pupil,” * to eliminate the non-
essentials and eimphasize the essentials,” * better work in oral arith-
metic,” *“ more drills for thoroughness."

' SUBCOMMITTEER 6. PREPARATION OF TEACHERS FOR
GRADES 7 AND 8.

In preparing this report the commxttee attempted to obtain in-
formaticn from both public and private elementary schools in ac-
cordance with plan suggested by the American commissioners.
Practically no response was received from private schools to which
blanks were sent. and hence the report is limited to pubhc elementary

schools.
L: PRESENT STATE OF ORGANIZATION

TEACHERS.

In investigating the present state of organization, the tabulation
of e]eme'ntury schools given by the United States Commissioner of
Education in his report for 1908, volume 2, pages 502-517; 596-611,
was used. In these tables are listed 531 schools in cities of over
8,000 populatxon, and 670 schools in cities of 4,000 to 8,000 population.
The first group is known in the report as Class A and the second as

Five hundred cltles, 950 from each class, were selected for the
purposes of the report, each member of the committee selecting 100
from the section assigned to him, 50 from each class. Only, graded J
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schools were chosen, and each State was considered in proportion to
the number of its school systems.

In response to a questionnaire sent to the 500 cities, 238 rephes
were received as follows:

NUMBER OF CITIES REPORTING,

Cliara A, Class B,

North Atlantic...._ .. ... 2 0
South SMlantic. ... 13 11
oD DRI soc sossasocscacoscsecons oassass P feeeee - 13 n
North Centrnl .o iil il el (1< T ¥ |
WeRIeTI L e el .. 13 11

The following tables summarize the mformation received from
‘the eities:
TAN.E 1.— Teachers.

Number in sev emh and eighth : Preference of cities as 'o BOX o! teachers for
grdes ! seventh and eighth grades. -
) I
A B | A | B .
¢ _ i -3
- T 1 afi B 3 ! * B
| No | ' No
Men.| Women. | Men. - \\omen Iuen \\omen mm ‘Men .\\ othen. ;rder-
. J L __I
North Atlantic [y 2,642 3] ] 1n| 3 [ i ‘
South Atlantie 1644 16 | & 3 11 5
Routh Central. 158 10 &v ? | 1 2 &
North Central. 1,602 5 204 -] | 7 9 a
Western..... . . 354 b 4] [ ﬂl 1l 1 & .
Total.........| &7 | 4m7| n3 850 | 61| 2 197 .ss| Y
N e LA :
‘TaBLE 2.— Preparation of pra;nt teaching force in gradu and 8.
Actual, Preference by cliles.
. ! LRI
College. i Normml. | s:;:lgohl College. Normal.i "h,“hl
i
895 318 053 13
9 9] . 128 3
@ 41 110 11
18 19 [} 1
62| - 8 139 B 3 3
10 f. -3t 4 ] 2
nus 4..-1,m77 21 k<. 1 P
. b0 ?ﬁ' 311 19 31 1
18 w 5 B T,
2 3] 55 4 4
1,18 1,48]| 3086 s8] 70
'n7 81 564 31| . . 66
1,250 1,764 | . 3,6% 89 138
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¥
! TapLx 8 —Praemreqmmnmuofcumauopreparatwnformdmaofgmda?nnds
s
e | . b et
! A . ‘tmlnlng. . Certificate.
i e & B
AN NRr At £
K] g s ggé . E-g Eg
¢ Te - .1 d
Egsﬁsnsﬁsgas%
Z Z e O |m |4 |d|f T |z =
. ! L
1) uf 50 1] 7] 4f 5| 1] 5]1a 3
51 8i 4l10]...] 3] 8| 4.2k 10 3
5| 4| 4f 3l....0 3| s6l..| 7] 21 2
L2 I 2 O 2 I ' SO B I O 1
4 s{1] 511 50 4f 2] 11 4| 1 1
2| 3l 2| 1. s 41| 3] 2] 1] 2].....
18 sofufo| siula] d{a|lslial.7] 12
ny 201618 a{12(13| e|18}14| 2} 6 10
4 9....]10]|. ...l 1 31 ef...| 2].....
3| 44T 102 2f 2| 4. 1§20
411 68|21 60| 7({25)28|14f33|21d24fas5| 17
26| 30|{2|38| 6|2 (24|14([20|20] 319 13
Totaleeoo. v 1567 107 |43} 08|13 ﬁ; 2 ozln 'nlu K]

In New York City the preparat.lon requ1er of men teachers in
grades seven and eight is: (1) College course and one to three yeum
experience ; or (2). a normal school course and three years experience.
In addition there is required a promotion license based on, (1) three
years’ expericnce; (2) 60 hours’ professional course; (3) examination
in arithmetic, algebra, and geometry. Ior women teachers the -re-
quirement is (1) normal school course and one y‘%’ experience;
(2) New. York State life certificate and five years’ experience ; or (3)
college course and one years’ experience.

In two cities of Class A and three of Class B, men are preferred
for the eighth grade and women for the seventh. In New York City
men are preferred for teaching boys and women for teaching girls.
In Auburn, N. Y., and seven other places reportmg, the preference

" is for an equal division of men and women teachers in the grades in
question. There is a general opinion that on the present salary basis
women teachers are preferable to the men who are WIng to work
at present rates of compensation.

‘COURSE OF BTUDY.

. The course of study in mathematics for the seventh and elghth

grades of the public schools throughout the Onited States is remark-
dble for uniformity. In the seventh grade the usual topics are de-
nominate nunfbers dnd peroentage in the eighth grade, npphcntlons '
of percenfage—discount, insurance, notes, ‘stocks and bonds, etc.
‘'These topics are supplemented by. review or advance work as time

- allows.: For example, in-a ty p;ca] school we find in the-seventh-
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grade in addition to the topics named above, analysis of problems,

ratio, fractions, decimals; in the eighth grade, propomon, powers

and roots, longitude and time.

The excellent gourse of study in mathematics for the public schools
of Augusta, Me., says:. “ Up to this time (seventh grade) the pupil
has been, to a large extent, a mere reckoner; he should now become
something of an arithmetician. The mathematical mind was a late
development in the race, and its growth in the child should not be .
forced= It is believed, however, that this grade marks the approach

" of the time when the pupil should pass from mere control and
manipulation to understanding and investigation. He may now be
asked to define arithmetic, or at least attempt a definition, and qhould
appreciate some of the difficulties of its development.

% No discrimination need be made between algebra and arithmetic,
nor between nlgebrmc and arithmetical solutions. Pupils should not
feel abashed in the presence of z, but should regard it as a good
friend, employ it habitually, and if possible, unconsciously, to repre-
sent unknown quantities, and solve the equatxons containing it en-
tirely as a matter of course. "_Course of study in mathematics for
the elementary schools, Augista, Me., 1909

In this connection it is interesting to note that of the 238 cities re-
porting to the committee 11 of Class A agg 7 of Class B teach alge-
bra in the seventh grade, while 47 of Class A and 26 of Class B teach

. it in the eighth grade. Concrete geometry is taught in the seventh

- grade of 8 Class A schools and of 8 Class B schools; it is taught in

¢+ - the eighth grade of 10 Class A schools and .of 8 Class B schools.

In New York City the consensus of opinion of the large majority
of principals is that the inventional geometry and algebra of the
seventh and eighth grades should be entirely omitted; that these sub-

* jects should be relegated to the high-school. and that the time gained
should be given to pure arithmetic.

In Chicago the board of education has recently voted to drop
nlgebra and geometry from the seventh and eighth grade courses:

A very few ‘schools reported such unusual features as the correlation
of arithmetic, a]gebra, and geometry, and the segregation of pupils.
The department plan is used by 103 schools,

"In Class A 99 schools reported the present course satisfactory,
while 30 reported the opposite. In Class B 58 schools reported course
satisfactory and 89 reported unsatisfactory. As causes of dissatis-
faction .83 gave “ poor teachers”; 49, “ course of study ”; 12, “large
classes ”’; 10, “ldack of time ”; 18, 0 poor pupils ”; 12, ¢ textbooks.”
© In, response to a question relatlve to the attempts to “ huinanize
mathematics,” 68 report  good ”’; 30, “ none ' ; 27, “ doubtful.” The
effect of manual training is conmdered « good ” by 104. “ none.” by 9,

.and “douhl;ful”by 85, . . -y
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Among recent improvements, 28 report “none”; 84, % course of

>

mnent teaching.”

MATHEMATICS.
" 1. OITY TRAINING BOROOLS. )

Of 132 Class A cities included in this investigation, 29 report city
training schools with, an attendance of 127 men and 3,222 women.
Of this number, 113 men and 2,182 women are reported from the
three New York City training schools. :

The plan of organization varies from the St. Louis five-year course
for high-school graduates to that of a department of tle high school.
Local conditions govern in “this matter. ‘Theory and practice are
-about evenly balanced .in all cases. Academic instruction varies
from the first two years of a,university course, as in Cincinnati, to
none at all in 11 schools reporting.

Fifteen of these training schools give opportunity for practice
teaching of mathematics in grades 7 and 8. The longest practice
period reported is that of Cambridge, Mass. In.that school one year
of practice teaching is offered and cadet teachers are paid $200 to .
8250 per year. : o

) Seven city training schools offer courses in the history and tesch-
‘ ing of mathematics; one mentions as a special feature a mathematical
library. ' o .

"In response to a question as to the conditions which a rational
preparation of teachers for the grades in question should -fulfill, re-
-plies were received as follows: Massachusetts—(a) normal or college
diploma, (&) summer school course at least avery' third year, (¢)
membership in local mathematics club, (¢) membership'in New Eng-
land Mathematical Association; Virginia—(a) high-school course,
()- good normal course, with practice work ; Georgia—(a) teaching
knowledge of subject, (&) practice course, (c) rational gourse in
pedagogy ; Indiana—inexperienced teachers should not be allowed
in seventh or eighth grade work; Iowa—good knowledge of arith-
metic, algebra, and geometry; Missouri—more attention to subject
matter, but method not neglected. The remaining 23 cities offer no

. suggestiondon the question. o 0
- % UNIVERSITY AND GOLLTGW DEPARTMENTS OF XDUGATION.
i Sixty university and college departments of education reported as
.- follows:, North Atlantic, 7; South Atlanitic, 10; South Central, 6;

II. THE TRAINING OF SEVENTB AND EIGHTH GRADE TEACHERS OF

North ‘Central, 82; Western, 5. - - :

- Twenty of these schools offer opportunity for general practice
teaching in mathematics and 15 give practice in grades 7 and 6 of
theit training school. Twenty-two offer .course in the teaching of

matics and; 16 in the history of thie subject; Research work is-
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study ”; 51, “teachers”; 32, “texts”; 3, “ salaries ", 9, ‘“ depart- .
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done in 18 schools. In the rational preparation of teachers, 85 believe
" that emphasis should be laid upon subject matter, while 21 would
stress method.
In all of these schools students preparmg to teach have access to
the regular college and university courses in mathematics.

3. STATE NORMAL. SUKOOLS.

Reports were received from 88 State normal schools, as follows:
North Atlantic, 17; South Atlantic, 5; South Centra}, 8; North
Central, 36; Western, 14. = '

Seventy of these schools require general practice teaching in
mathematics, while 66 require it in grades 7 and 8 of their training
schools. Courses in the teaching of mathematics are offered by 52,
and courses in the history of mathematics by 14 schools, while 5 give
opportunity for research work. 2 v

The mathematics course in normal schools varies greatly. The
minimum is & high-school course. About one-fourth offer college
vourses in mathematics. Nearly all of this group are in the North
Central and Western States.

4. PRIVATE NORMAL BOHOOLS.

Forty-two private normal schools sent in reports. They were dis- °
tributed as follows: ‘North Atlantic, 3; South Atlantic, 19; South
Central, 8; North Central, 11; Western, 1.

Of this number 28 have practice schools, and 24 glve special
training in teaching seventh and eighth grade mathematics. _

. Courses in the teaching of mathematics are offered by 20; in the
history of the subject by 4. Two of them give opportumty for re-
search.

“In connection with both pubhc and “private normal schools, it is
2 matter of special interest that, contrary to the usual opinion, the
majority lay emphasis upon subjé¢t matter of mathematics in teacher |
preparation rather than upon method. Sixty-one would emphasize
subject matter, while 22 would lay the emphasis upon method.

5. TEE FORWARD MOVEMENT IN NEW YORK.

(a) In New York City in April 1911, the board of education
~took action requiring all teachers not holders of a grade “A” license
to pass an examination before promotion to positions in seventh and
exght grades. For the improvement of the teaching of mathematlcs _
in grades 7 and 8 the following steps have been taken: .
1L Specml attention to the subject by’ many of the district superin-
tendents in principals’ conferences and in holding tests for different '
grades uniform throughout their respective districts.
2. The issuance of an lmportant gpecial circular by the city super-
. intendent mdncatmg the main errors committed in teaching mathe-
- mutws in the c1ty schools and pomting the wsy to remedy thoee erron.

oL -
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; 3. The establistiment of courses of instruction in the history of
., nathematics and 1h methods of teaching elementary mathematics.

Some of these courses have been given under the 1ndependent auspices
of teachers’ associations, others have been given in cooperation with
local universities, and others have been given mdependently by local
universities.

4. The local teachers’ and prlnmpals associations of the Borough

‘of Brooklyn have jointly prepared a carefully devised general teach-

ing plan in mathematics for the purpose. of securing desirable uni-
formity in the sequence of topics in the schools of the borough.

This plan is widely used.

(b) In New York State revisions of the graded-school course are
in progress, which will very materially affect the work of the next
five years. The following extract from the 1910 report of Commls-
sioner Draper indicates the nature of the revisions: , ,

A Fyllabus covering the first six grades is submitted” * *~#* It has not

" been possible nor was it expected that all of the present work of the seventh

and eighth gradee could be put in the six years’ course. * * * The inter-
mediate course covering such grades to round out the elementary course has
been prepared. It i8 in this two years' (seventh and elghth years) course that
the elemgneary work wij) begin to differentiate. The regular course will lead
to the present high- school course. It includes arithmetic, history, English.
physiology, modern languages, and other subjects which have previously been
considered in academic work. * * * Tlis two years’ course also includes

" work speclally adapted to prepard pupils for commerclnl and industrial courses

in hlgh schools and in trade schools,

[ onnu. OPINIONB oouonmo THE IATIO)IAL PREPARATION OF TEACHERS
FOR GRADES 7 AND 8,

Some of the general opinions concerning rational preparation of

-teachers are noted here. They are fairly representatxve of the whole

group.

From a Pennsylvania normal school : 4

A more complete appreciation of the subject matter, emphasizing its phil-
osophy and ‘the need of absolute accuracy of statement and of result. In addi-
tion to this must come an appreciation of the iental activity to which the
varous phases of the mathematics make thelr, appeal, why this is so, and the
means of making this appenl most effectively—this I think of as the pedagogy
of mathematics.

From Commissioner Draper s 1910 (New York smm) report

,The normal schools are charged with the specla] duty of tralning teachers
for the elementary echools. * * * The elementary work of the seventh
and eighth’ grades 18 to be so radically changed under the new syllahus that
speclal provision must be made for training teachers for these grndes 80 that
-more men will enter this fleld of teaching.

FrOm a New York State normal school :

(1) It (raﬁonal Preparation) should give a thorongh knowledge of the aub-
1 (2) lhoulﬁ_ omphalue the dewlopment qf
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subject from the beginning, and the metfiods of teaching the subject; (3) it
should include a discussion of modern fnovements and modern tendencies, and
_the conslderation of the different classes of material with which the teacher
should be provided. * * * The average normal pupil’'s knowledge of algebra
1s too limited to enable him to follow any discusslon of methods of developing
topics in algebra.

A new Jersey State normal school: . ,

Students who come to us from l_ll.gh schools which give the best preparation
in mathematics are the best students in methods of teaching arithmetic. There-
fore a round course of mathematios before methods of teaching.

* Southwest Texas Normal School :

When. the entrance reqiirements are low, nearly if not all the time should be
given to the ucquisition of subject natter. As entrance requirements are
raised, more time shouyl be given to the professionnl work of the subject. )

University of Texas School of Education:

The training of teachers of mathematics for grades 7 and 8 should include
these features: (a) Scholarship, including Bolid geometry, trigonometry, ad-
vanced algebra, and some analytics; (b) a course in generalsmethod; (c) a
course In psychology, Including developmental psychology; (d) a course in the
history of education; (€) n course in practice teaching.

Washington State Normal School:

I am inclined to think that more attention should be given to subject matter,
but not any less to the method. We have 8o many “ isms " that mathematics is
not recelving its just share of time. Most students coming from accredited
high schools are weak in the subject matter of arithmetic.

- Washington State University department of etucation: '

The qmt wenknesses of mathematics in the grammar grades are two:
(1) The absurd American plan of grinding out complex and almost impossible
- arithmetic before taking up enlightening and comparatively simple elements of
algebra and (plane?) geometr) This is an intolerable fauit. Qur actual curve

of difficulty is thisg—
Geom.
1 M

Arith.

1-8

when 1t should be of course—

.

hematics.
; 1g. Geom. Mt :
i Arith. Alg e

(2) Mathematics should be more concrete in the grammar school (and I think
even in the high school), and (a) more clenrly related to the-boy's interest,
(b) more closely correlated with other subjects.

Montana State Normal College:

“We find that it 18 very dificult in the time ‘we have here to make students
satisfactorily reliable in arithmetical subject matter. High-school graduates
‘seem to have lost eompletely all tbe knowledge of arithmetic presunied to have
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MATHEMATICS IN THE ELEMENTARY SOHOOLS.

beeén acquired below the high school, except the little which they use in higher

~ mathemattcal subjects, and even in that Iittle they are rarely accurate.

- Jowa State Teachers’ College, President H. . Seerley:

Mathematics has a proper place from the fourth grade through the twelfth
grade, provided it is adapted to the age and development of the pupil. All the
arithmetic necessary to be known can be taught in less than a year if given at

. the proper time of the pupil’s development. There is a great waste of time

now, as children are treated as if they need adult knowledge. A suitable book
on mathematics should be written for the grades below the high school.

CONCLUSIOR.

The committee has aitempted to set forgh the present conditions
relative to the preparation of teachers of mathematics for grades 7
and 8 of the public elementary schools of the United States. No
effort has been made to draw conclusion or to formulate a program

. for the future, ) 2

1t is very evident that in éroportioh to the need there is but little
specific preparation for the teaching of seventh and eighth grade
mathematics. There is a failure to realize the truth of the statement

previously noted that “ this (seventh) grade marks the approach of’

the time when the pupil should puss from mere control and manipu-
lation to_understanding and investigation,” and to provide the kind
of instructiorr needed to lead the pupil out into the broader field of
mathematical knowledge. : '
The failure of the school authorities to grasp the real meaning of

“algebra ‘and concrete geometry in the seventh and eighth grades is

characteristic of the attitude of the American people toward the
public schools. The fear that formal algebra and formal geometry
are going to crowd out some more practical subjects is what lies back

of such action as that in Ghicago. If the necessary general arithme- '
.tic and concrete geometry could have been made part of the arithme-

tic course with no comment upon the relation to the more formal
courses of the secondary school, and no introduction of the names

" by which the later wourses are known, possibly the progress toward -

a more efficient course of study might have been greatly hastened.
Only 38 per cent of the cities report any algebra (general arithme-
tic) in grades 7 and 8 and only 12 per cent report any concrete
geometry. o g

We need in the seventh and eighth grades teachers who have been

* led to see mathematics as_a part of human progress, and who can
. open the eyes of their pupils .to behold -the same vision. In the

words of President Butler:! - : ,
Mqthematlcn, theretor‘e_, studies an aspect of all knowing, and reveals to us
the universe as it presentp itself, in one form, to mind. To apprehend this, and
to be conversant with the higher developments of mathematical reasoning are
to have at hand the means of vitalizing all teaching of elementary mathematics.
3 Introduction to Staith's The Teachlitig of Elementary Mathematics, p, xL
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COMMITTEE NO. II. SPECIAL KINDS OF ELEMENTARY
L SCHOOLS.

GENERAL REPORT.

The investigations of the committee on the teaching of mathematics
in special kinds of elementary schools-have been confined to a dis-
cussion of the work as it is given in trade and industrial schools.
There are other special types of schools, notably those that deal with
defectives and delinquents that might be considered under- this classi-
fication. Tt seemed best to the committee, however, to confine their
attention to the group mentioned above. The work done in the

4 schools for defectives is a modification of that commonly done in
other schools by means of methods &t instruction suitable to the type
of mind dealt with. In schools for delinquents, whether day truant
schools, parental schools, or reformatories, the work is quite com- -
monly either the ordinary work in mathematics given in elementary
or secondary schools, or such as is considered in that part of thisre-  °
port relating to industrial schools. o
" In‘the Bulletin No. 11 of the National Society for the Promotion

. of Industrial Education there is given & descriptive list of trade and'
industrial schools in the United States. This bulletin was issued in
August, 1910. There were at that time more than 140 such schools
about which the society was able to gain information. The clasaifica-
tion of these schools is as follows: .

1. Intermediate industrial, preparatory trade, or vocational schools.

2. Trade schools: Day courses—(a) supported by public funds;
(b) supported by private funds. )

3. Technical schools: Day courses—(a) supported by public funds;
(b) supported by private funds. * :

- 4, Apprenticeship schools.

5. Evening schools: (&) Giving technical courses and supported
by public funds; (b) giving technical courses and on private founda-
tion; (c) courses given by Young Men's Christian Associations; (d)
giving practical shop courses and supported by public funds; (e)
giving practical shop courses and on private foundation. ,

8. Part-time schools. E
. . : - . b 158
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7. Trade schools for colored races.

8. Correspondence schools.’ ‘

All of these different classes of schools can be considered as special
kinds of elementary schools as contrasted with the ordinary high
school. From another point of view they are secondary schools, since
in most cases at least six years of elementary school work is required
for entrance, and since the courses of instruction offered lead directly
to vocational efficiency. The committee has concerned itself with all
of these*groups of schools in its report even though they may not
have been specified in the outline of work proposed, and may not be
. specifically mentioned in the later discussion.

] Some brief statements of the work of these several classes,of schools .
may not be out of place as a preliminary to the consideration of their
work in mathematics. In the statements which follow, the charac-
terization of the catalogue of the National Society for the Promotion

- of Industrial Education mentioned above is followed, and in some -
cases the exact wording is quoted. . o

-

INTERMEDIATE INDUBTRIAL, PREPAiATOBY TRADE, OR VDCATIONAL BOHOOLS.

These schools take pupils who are 14 years of age and have com-
pleted at least six years of the elementary school. course. These chil-
dren are too young to be iccepted as apprentices in the trades, and
yet have commonly left school to enter upon occupations” which
promise very little advancement even after several years of service-
“The intermediate industrial school has the double aim of turning

 the attention of its pupils, and of the parents of pupils, to the superior
opportunities for independence offered by work in the manual trades,
and of giving them such instruction as will enable them after two or
three years to enter thé trades with advantage. By this means it is
designed to retain for a longer period of time the boys and girls who
+ otherwise leave schopl.” ~ : i o ' '
“In schools of this class, the course of study commonly combines
.~ bookwork and shopwork in almost equal proportions. The bookwork
generally includes English, shop mathematics, industrial history, and
civics, together with the elements of physics and chemistry, The
" shopwdrk is usuall confined to a limited choice of preparatory trade
work for each sex. Beginning with general industrial practice the
work is more specialized toward the end of-the course and carries the-
pupil to a point at which he will be able to enter a skilled trade or a
factory industry as an apprentice possessing.a general knowledge of
the quantities involved and a background of scientific knowledge that
will open the way for comparatively rapid promotion.” Examples of
schools of this type are the following: Secondary Industrial School
.. of Columbus, Ga.; New Bedford Industrial School, ‘New Bedford,
f Mass.; Lavrence Industrial School, Lawrence, Mass.; Newton Inde- =
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pendent Industrial School, Newton, Mass.; Albany Vocational
School, Albany, N. Y.; Hudson Industrial School, Hudson, N. Y.;
New York City Voeational School for Boys, One hundred and thirty- -
elghth Street and Fifth Avenue; Rochester Factory School, Roches-
ter, N. Y.; Rochester Shop %hool No. 26, Rochester, N. Y.; Indus-
. trial School Schenectady, N. Y,

TRADE BOHOOLS. -

Trade schpols which offer day courses are of two distinct types.
Some havg-#ery short courses like the Baron de Hirsch Trade School,
“and thie New York Trade School, where very little attention is given
to instruction in English, mathematics, or science. In these schools
the aim is to prepare pupils for actual work in the trades in the short-
est possible time. After a course of from four to six months the
student can frequently secure employment as a helper, and, becausy
of the work done in school and his knowledge of the theory of the
trade, he can commonly advance rapidly to the grade of journeyman..”~
The trade schools giving longer courses frequently give very thorough
instructions in English, mathematics, and science. The Williamson
Free School of Trades and the Wilmerding School of Industrial Arts
devote a considerable proportion of time to such instruction,

The Manhattan Trade School for Girls, recently established in
New York City, and similar schools in Boston and in certain other
cities, are especinlly interesting. We have long been accustomed to
the idea of trade schools for boys, but have until recently neglected
to realize that there is the same necessity for training and instruc-
tion for girls. The results already achieved by girls’ trade schools
prove that, as in the case of boys, the trade school prepares for a type
of work in which a living wage is secured and in which there is
opportunity for advincement. The list of trade schools given in the
bulletin of the National Society for the Promotion of Industrlal Edu-
cation follows: o

SUPPORTED BY PUBLIC FUNDS.

The Manhattan Trade School for Girls, New York Clity; State Trade Séhool,
New Britain, Conn,; Worcester Trade 8chool, Worcester, Mass.; Yonkers Trade
School, Yonkers, N. Y.; Portland School of Trades, Portland. Oreg.; Philadel-
phia Trades School, Twelfth and Locust Streets, Phiiadelphia, Pa.; Milwaukee
School of Trades for Boys. Milwaukee, Wis.; Girls’ Trude School.’ 620 Massa-
chusetts Avenue. Boston, Mass.; New York Trade Schoo! for Girls, Syracuse,
N. Y.; Milwaukee School of Trades for Girls, Elghteenth and Wells Qtreets. .
anaukee Wls

“

SUPPORTED BY PRIVA'I'E FOUNDATION: -

 Wilmerding Schoo) of Industrial Arts for Boys, 8an Francisco, Cal Winona
Technical Institute, Indianapolis, Ind.; David Ranken, Jr., 8chool of Mechanlcal
Trades, St. Louls, Mo.; Paterson 811k Textile Institute, Paterson, N. J.; Schbol
of Bclence and Technology of Pratt Institute, Ryerson Street, Brooklyn, N. Y.;
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* . Baron de Hirsch Trade School, 222 East Sixty-fourth Btreet, New York, N. Y.:
New York Electrical Trade School, 80 West Seventeenth Street, New York,
N. Y.; New York Trade 8chool, First Avenue between Sixty-seventh and Sixty-
elghth Streets, New York, N. Y.;-Girard €ollege, Philadelphia, Pa.: Willlamson
Free School of Mechanical Trades, Willlamson 8chool, Delaware County, Pa.;

* Miller Bchool, Albemarie County, Va.; Hebrew Technical School for Girls,
8econd Avenue and Fifteenth Street, New' York, N. Y.: Manhattan Trade
8chool for Girls, 208-213 East Twenty-third Street, New York, N. Y.; Ezra F.
Bowman Technical School, Lancaster, Pa.; Omaha Watch Repairing, Engraving
and Optical Institute, Omaha, Nebr.; Horological Depertment of Bradley Poly-
techngc Institute, Peoria, IlL; College of Horology, Broad and Somerset Streets,
Philadelphia, Pa.; St. Louls Watrhmaking School, St:- Louls, Mo.; Waltbam
Horological 8chool, Waltham, Mass.; Coyne Natlonal Trade. School. 1701 N.

" Ashiand Avenue, Chicago, Ill.; Master Plumbers Trade School, St. Louis, Mo.

TRONNIOAL 8OHOOLS: DAY COURSES.

“ The schools included under this classification are of secondary g,
grade and do not give instruction of higher engineering rank. The
courses are designed to give the pupil such acquaintance with the

“scientific and mathematical principles underlying commercial proc-
esses as will enable him to qualify in time for the work of foreman,
master mechanic, inspector, etc. Special attention is called to the ,
group of textile schools, which are not trade but technical schools, in
‘which both the practical and the theoretical aspects of textile manu-
facture are presented.”

.The following schools are supported by public funds: Bradford
Durfee Textile School, Fall River, Mass.; Lowell Textile School,

Technical High School, Cleveland, Ohio; Louisiana Industrial In.-
stitute, Ruston, La. Supported by private funds: California School
"of Mechanical Arts, San Francisco, Cal.; Bliss electrical School,
Takoma Park, Washington, D. C.; Lewis Institute, Madison and
Robey Streets, Chicago, I11.; Hebrew Technical Institute, 36 Stuyve-
sant Street, New York, N. Y.; Pratt Institute, Brooklyn, N. Y.;
Webb’s Academy for Shipbuilders, Fordham Heights, N. Y.; Ohio
Mechanics’ Institute, Cincinnati, Ohio; Drexel Institute of Art,
Science, and Industry, Philadelphia, Pa.; Philadelphia Textile
School, Philadelphia, Pa.; Carnegie Technical Schools, Pittsburgh,
+Pa.; High' Schools of Practical Arts for Girls, Boston, Mass.
o . APPRENTIOESKIP BOEOOLS. o
Apprenticestrip schools are provided by a number of large 'in-
dustrial . corporations for ‘the education of boys who are learning
their trade. In these schools there is.a close correlation ‘,6f the

theoretical instruction and the practical shopwork, Through train-
" ing .in mathematics, drafting, English, and science; theye are re-

MER 3 ra ST TRGIrY Ko -__'_

2 cruited from the ranks of those who work in the shops/,@grgup of
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'men much more capable than the ordiaary worker. Sometimes from
- this group there are chosen those who eccupy the higher supervisory
positions. The movement is an indication of the desire of these cor-
porations to supplement the work ordinarily done in the shop during
the period of apprenticeship with a type of theoretical work which
will develop a more intelligent workman. The fact that in ‘most of
these schoola shop time is taken for the class work, and that this time
is paid for at the regular rate, is an indication of the value attached
to such exercises. The following is a partial list of such schools:
Apprenticeship System of the New York Central lifls; Apprentice-
ship Schools of the Santa Fe Railroad System; Apprenticeship
"School of tha General Electric Co., West Lynn, Mass.; Yale &
Towne Manufacturing Co.'s Apprentice School, Stamford, Conn.;
School for Apprentices of the Lakeside Press, Chicago, IlL; Solvay
Process Co.'s Apprentice School, Syracuse, N. Y.; School of Print-
ing of the North End Union, Boston, Mass.; Drawing School of the
-American Steel & Wire Co., Worcester, Masa. ; Fore River Shipbuild-
ing Co.’s Apprentice System, Quincy, Mass.; Ludlow Textile School,
Ludlow, Mass.; Westinghouse Electric & Manufacturing Co., East
Pittsburgh, Pa.; John Wanamaker Commercial Institute, New York,
N. Y., and Philadelphia, Pa.

KVENING 8CHOOLS.

Evening schools are more closely related to the apprenticeship
schools than to any other of those already mentioned, since the stu-
dents are recruited almost wholly from among those who work at the
various trades during the day. They are intended to give a type of
education, both theoretical and practical, which will give the worker .
at the trade a better understanding of his work and of its relationship

" to the mdustry toward which his work contributes, The tendency
of shopwork is to confine the worker to one very small part of the
whole industry and hence to give him very little appreciation of the
significance of his labor, either in relation to the other processes in
the same industry or to the industry in the larger social group. These

. evening schools, commonly called industrial improvement sehools or
continuation schools, follow a course of stady not unlike the corre-
sponding day-schools. The following schools are of this type and
give technical courses, and are supported by public funds: The Even-
ing Industrial School, Boston, Mass.; Public Evening Trade School,
Lowell, Mass.; Bradford Durfee Textile School, Fall River, Mass.;
Lowell Texhle School, Lowell, Mass.; New Bedford Textile School,
New Bedford, Mass.; Evenmg Industrml School,” Pittsfield, Mass.,
Evening School thtle Falls, N. Y,; Stuyvesant Evemng Trade
School, 345 East Fifteenth Street New York Clty, Brooklyn Even-
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Trnde School, Brook]yn, N. Y.; Technical High School,
Cleveland Ohio. Schools giving techmcal courses and on pri-
vate foundatlon are as follows: Lewis Institute, Chicago, Il ;
Franklin Union, Berkeley and Appleton Streets, Boston, Mass.
Lowell Institute School for Industrial Foremen, Boston, Mass.; Tech-
nical School, Newark, N. J.; Cooper Union for the Advancement of
Science and Art, Astor Place, New York City; Mechanics’ Institute,
20 West Forty-fourth Street, New York City; School of Science and
Technology of Pratt Institute, Brooklyn, N. Y.; Mechanics’ Institute,
Rochester, N. Y. ; Ohio Mechanics’ Institute, Cincinnati, Ohio; Casino
Technical Night School, East Pitsburgh, Pa.; Drexel Institute, Phila-
. delphia, Pa.; Franklin Institute Night School, Philadelphia, Pa.;
Philadelphia Textile School, Philadelphia, Pa.; Spring Garden Insti-

tute, Philadelphin, Pa.; School for Apprentices and Journéymen of -

the Carnegie Technical Schools, Pittsburgh, Pa.; Virginia Mechamu
Institute, Richmond, Va.

Throughout the United States the Young Men's Christian Asgocia-
tions have entered the field of industrial education. The work of
the education department in city, railroad, and industrial Young
Men's Christinn Associations has become one of the most important
of the activities of these orggnizations during the past few years.
Aécording to the report of the Nationnl Society for the Promotion
of Industrial Education, there are now 2,250 paid teachers who give
instruction to over 50,000 employees, men und boys, two nights per
week for half the year, in a total of 140 different commercial and
vocational subjects. Included in the above lines of class work are
mechganical, architectural, and frechand drawing, design, shop mathe-
matics, physics, electricity, chemistry, shopwork in wood and metal,
plumbing, ete. This industrial work is not designed to prepare for
the higher engineering lines, but on the contrary to furnish oppor-
tunities for industrial improve ent, either by broadening the pupil’s
knowledge of a trade or by 1 tructmg him in the technical founda-
tions of efficient and inte}ligent trade work.” These associations are
scattered throughout the United States. There are more than 60

associations, enrolling 50 or more students in trade and industrial’

* subjects.

Schobls giving practical shop cours%/snd supported by public funds
are found in the following cities: bridge Evening Industrial
School, Cambridge, Mass.; Evening School, Chicopee, Mass.; Even-
ing School-of Trades, Sprmgﬁeld Mass. ; Long Island City Evemng
High and Trade School, Long Island Clty, N. Y.; New York Evening
High School for Women, East Forty-second Street near Third Ave-
nue, New York City.; Stuyvesant Evening Trade School New York,
N. Y.; Philadelphia Trades School, Philadelphia, Pa. The follow-

~ ing schools give practical shop courses and on private foundation: -
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Massachusetts Charitable Mechanic Association Trade School, 111
Huntington Avenue, Boston, Mass.; David Ranken, Jr., School of
Mechanical Trades, St. Louis, Mo. ; Flve Points Italian- Trade School,
155 Worth Street, New York City; Hebrew Technical Institute, New _
York City; New York Electrical Trade School, 390 West Seventeenth
‘Street, New York City; New York Trade School, First Avenue, be-
tween Slxty seventh and Sixty-eighth Streets, New York City; Man-
hattan Trade School for Girls, 209-213 East Twenty-third Street
New York City; School of Science and Technology of Prait Institute,
Brooklyn, New York City; St. George’s Evening Trade School, 505
East Sixteenth Street, New York City; Sixty-third Street Evening
Trade School of the Chlldren s Aid Society, New York City; Drexel
Institue of Art, Science, and Industry, Philadelphia, Pa.; Hebrew
Education Society, Tenth and Carpenter Streets, Philadelphia, Pa.

PART.TIME SCHOOLS. I

% The part-time plan, as carried on at Fxtchburg, Mass., is an ar,
rangement by which boys in the high school glve half of their time
to work for wages in the commercial shops in the city and half to
school work. Such a plan is designed to furnish the pupil with the
theoYetical training necessary to his advancement in industrial life,
while at the same time providing practical experience and wage return.
. The school work is under the. direction of the board of education of
Fitchburg and is supported by public funds. The classroom instruc-
tion articulates with the grammar school, and implies regular high-
school reqmrements For this part of the work the regular school
“ building s used. "For the first 'year the boy devotes his entire time
to school work, and for the next three years equal groups of boys °
alternate weekly between shop and school, so that one group is always
at work in the shops and one in the school On Saturday morning
of each week the boy who has been .at school for that week goes to

* the shop in order to become familiar with the work upon which his
alternate is working so as to be ready to take it up on Monday morn-
ing when the shop boy returns to school. Boys are paid for the work . ~
doné€ in the shops at the rate of 10 cents an hour for the first yeal,
1% cents for the second year, and 12} cénts for the third vear, or g total
of $5.)2 75 for the three years.” Other part-time schools are found
- at Béverly, Mass. (The Beverly Industrial School) and at Cincinnati,
Ohio (The Cincinnati Continuation School). All-of these schools

O are pubhcly supported. ‘Doubtless other schools of this type vy

open in oonsxderable numbers in the very near future.
TRADE SOEOOLS FOR THE COLORED RAOKS.

Some of the best industrial work that is done in the United States
is to be found in schools. for the educstnon of Indians and negroes.
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In all of thege schoals the industrial wark is socompanied by literary
instruction. In some of the schools as much as half of the tims js
devated to industrial training. In some of the schools the zelation-
ship hetween industrisl and the ondinsry academic work s ¢Xcep-
tionally well handled. This is peculiarly true in the subject of mathe-
matics. The problems .of the shop and farm are quite commenly
trepted in the classes in arithmetic, algebra, and geowetry., “ Normal
ingtruction, instruction in the domestic arts and sciences, and giving
each pupil such an understending of & manual trade or pgricultore
as will make him financially independent and hence self-respecting—
all these features tggether repfesent the aim of such schoals as Hamp-
ton and Tyskegee Institutes and the other institutions in the list.”
Schools of this class are as follows: Hampton Normal and Agricul-

- tural Institute, Hampton, Va.; Tuskegee Normal and Industrial In- .
stitute, Tuskegee, Ala.; United States Indian School, Carlisle, Pa.;
Christiansburg Industrial Institute, Cambria, Va.; Voorhees Indus-
trial School, Denmark, S. C.; Schofield Normal. and Industrial
School, Aiken, S. C.; Manassas Industrial School, Manassas, Va.;
Mayesville Industrial Institute, Mayesville, 8. C.; Okolona Industrial
.College, Okolona, Miss.; Fessenden Academy and Industrial School,
Fessenden, Fla.; Montgomery Industrial School for Girls, Mont-
‘gomery, Ala.; Colored Industris] and Normal School, Salisbury,
Md.; Manual 'Trainin,g and Industrial Schpol for Colored Youth,
Bordentown, N. J. .

OORREBPONDENOE SOHOOLS. H

Many persons who are regularly employed in the industries have
- sought help through the technical work which is offered by correspond-
ence schoo:fséeWith the persevering student, they have been able to :
conduct co in-a very great variety of technical subjects, and have |
in this way furnished the theoretical background which has made
possible a wider outlook and a greater degree of efficiency for those
who are regularly employed. The following schools are representa- |
“tiverof the best type of this classpAmerican Schoo] of Correspondence,
Fif_ty-eighth Street and Drexel Avenue, Chicago, Il1.; International
- Typographical Union Course in Printing, 130 Sherman Street, Chi-
ca% Ill.; International Correspondence Schools, Seranton, Pa,
" The work of these schools is considered in another report to. the P

Intefnational. Commission on the Teaching of Mathematics.
/ ' - = a . .
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SUBCOMMITTEE 1. INDUSTRIAL CLASSES IN PUBLIC SCHOOLS.
The subcommittee reporting on industrial classes in public schools
included in ite inquiry ‘all scheols supported and controlled by the
.mupicipality through its. board of education. There were included,
therefore, graded schools having & course of study:of fromp peven to
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nine years in length, the technical and manual-training high schools,
usually not coeducational, and the ordinary coeducational academic
high schools. Evening schools of either elementary or secandary
grade, ss well as trade schosls supported by the mumicipslity as a
part of the public-achool system, were also considered. The term
“ industrial classes” was interpreted broadly to mesn claswes in
manual training, domestic art, domestic science in sither of the
grades or high school, as well s classes in high-achool commercial
courseg. Classes in vocational work in any of tbe echools named
above were also included. _ ‘

v
METHOD OF COLLECTING DATA.

A questionnaire was sent to 150 high-school principals and city
superintendents in the larger cities of the United States, asking for
- data on the sabject of “ Industrial clases in public schools,” and the
relation of the work of theeo classes to the work in mmthematics.
While the response to this questionnaire was not as general or-as
full as. could be desired, yet many superintendents “theerfully re-
sponded. It is largely on the basis of these rephes that this mport
has been prepared : .

KINDS OF INDUSTRIAL WORK GIVEN IN PUBLIC BORO0XS.

Industrial work is given in public schobls: First, in classes in
manual training, domestic art, and domestic science throughout the
grades of clty school systems; second, in classes in manual training,-
domestic science, and commercial brnnches, conducted in the ordinary
free academic high schools; third, in technical, manual-training, and
commercial high schools; fourth in evening schools of elementary
or secondary grade; fifth, in vacation schools; sixth, in trade schools
supported by the muni_cipality and under the control of the board of
eduoation. In a few cases vocational classes are maintained in the
free academic high schools; and in a very few instances in this

. country industrial work is given by a cooperation of public schools,
and shops and factories. In these cases:the boys work part time in
the shop or factories a\d part time in the school.

- CULTURAL INDUSTRIAL WORK.

————————

In all parts of the Umted States s oonstantly incressing number of
publxc schools have prov1ded instruction in manual training, do- ..
- mestic art, domestic science, and commercial branches. The manual -
! training consisting of whittling and bench werk in wood is usually '
i 'the first form of industrial work to be intfoduced. The neéxt is-sew-.
: ing-end dressmeking, followed by cooking. As public sentiment be- .
. .Somes’ edncated to & more hberal support of thm .work, 1t is exundedﬁ
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" to all grades below the high.school, and also to each year in the high
. ®" school. ' : -

In answer to the question, “ What kinds of industrial work are
given in your school #” the following reply from one of the large cities
in they Middle West is typical : “ Strictly speaking, we do not give any
‘industrial work in our public schools unless you would call menual
training, domestic art, and domestic science, iridustrial work. (a)
Handwork is taught the children in the first four grades (primary).

- This handwork consists of two. kinds—first, work to illustrate spb-
jects about which they read ; second, independent unrelated exercisés.

In the fifth and sixth grades, boys are taught knife work by & special

teacher, and girls sewing. In the fifth grade we give to this work
.. ope and one-half hours each' week. In the sixth grade two and one-
t  half hours a week. In the seventh and eighth grades boys are taught -
joinery and cabinetmaking in specially equipped shops; girls are
taught cooking. Half a day a week is given to those subjects in ‘the
seventh and eighth grades. (3) We are now constructing two manug]
training high schools which will be ready for occupancy next fall.
The manual training in these high schools will not take the form of
industrigl training, though- it may develop into that later. At
present in the high schools we have a very complete commercial de-
partment which fits pupils for business life and for clerical work.
We also teach mechanical drawing, free-hand drawing, and applied
design, with some work in the crafts.”

From another large city where the high school industrial work
was much more extensive, the following reply was received: “ In our
high schools, sewing, millinery, carpentry, blacksmithing, machine-
shop practice, wood turning, architectural drawing, and mechanical
drawing are given.” A ‘

For the most part the lines of industrial education named above
furnish the basis for work in the trades rather than direct instruc-
tion in the trades. ‘ ‘

'VOOA!'IOIAL INDUSTRIAL WORK. .
' \

Besides the above lines of work there are in some schools strictly

. # vocational classes. Many school boards maintain evening schools of

elementary and secondary grade. Much of the work in these schools

"is vocational. It includes one or more of the following: Millinery,

’ dressmaking, flowermaking, chauffeur’s work, wood turning, cabinet-

.., making, architectural drawing, mechanical drawing, stenography,
", bookkeeping, and other trades of local interest. ' Of course the high

.’ school commercial courses prepare directly for business life and for

i+ clerical positions, Trade schools for girls, evening grammar schools,
evening high schools, technical high schools, manual training high

5
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schools are forms of schools in which industrial work is prominent.
In all of these two kinds of industrial work are carried on—first, that
which furnishes a basis for trade or technical instruction, but which
is itself not directly trade ingtruction; second, strictly vocational
work.

COOPERATIVE INDUSTRIAL WORK.

A very interesting experiment is being tried in a few ¢ities in this
country—the so-called cooperative industrial work. Under this plan
boys work one week in the shops or factories and the next week in
the public schools. The work in school is such as will directly affect
their efficiency in the shop. This plan gives boys their industrial
work in the shops and their academic work in school. The academic
work is correlated with the shopwork. A number of other cities are
planning to try this experiment.

PUBLIC BOHOOL nrmfs'nux. WORK AND LOCAL INDUSTRIES. ~ .

Of the cities from which answers to the questionnaire were received
_very few stated that the work offered in manual training and domes-
tic science is, in any special way, modified to fit the local industries,
while several stated that no such relation exists. The following re-
ply is from one of the large cities of the East: “ No special attempt
has been made * * * in public school work to fit pupils espe-
cially for local industries. We have such a variety of local industries
that it would be impossible to train especially for. certain ones and
not for others.”

‘Where evening and trade schools are maintained, a very deﬁmte re-
lationship exists between the trades taught and the local industries
Those trades that are carried on in the cxty where thece schools are
located are taught in the schools.

ARE PBBB!" CONDITIONS SATISFAOUTORY.

In general, superintendents seem to feel that the industrial work
now given is satisfactory as far as it gges. Many express the opinion
that more time should be given to the work and greater dlvers"
should be introduced.

The following reply is from a supermtendent who has this.. pomt
of #iew. He says: “We do not feel that we have really madq,a be- *
ginning in “meeting the demand for industrial educatiof. The
ctowded condition of our schools prevents any advanced steps in
this Jdirection. We aim as soon as possible, howéver, to establish.
schools which will give greater trammg along a number of lines pf -
activities,”

Another supérintendent writes as follows:  Our present industrial
work is not sﬁtisftctoty, 1f it m thought advinble to mve vouuonnl 3
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training. I am not satisfied yet that vocational training should be
introduced into public schools. However, I am open to conviction.
We are hoping to try a plan of part-day school and part-day work
in the shops and in other vocations. If this plan .works out satisfac-
torily it will mean that we will use the shops and factories of the
city for the practical work, while the academic and theoretical work
will be given in the schools.” '

Still another superintendent writes: “ We want more work of an
industrial nature in the schools we have. We want a thoroughly
equipped industrial plent in our high school. We want a schoel that
will give students a thorough training in all departments of the silk
industry, our leading industry, and its associated occupations, the
manufacturing of silk machinery, etec. We should do something for
the young men who follow the iron and steel industries, locomotive
building, structural-steel work, etc.”

THE MATHEMATICAL CURRICULUM.
.

It is customary to give a course in arithmetic through the grades,
e beginning in the first or second grade and extending through the
- eighth. ‘In the eighth grade a course in constructive geometry is
given and sometimes one in elementary algebra.

In the grademic high schools having four-year courses the cus-
tomary course in mathematics is given as follows: Qne year of
algebra is required, and this is usually given in the first year of the
high-schiool course; one year of geometry is also required in most
high schoals. Sometimes it is a year of plane and solid geometry,
given, as a rule, in the third year of the high-school course. Some-
times the one-year course is devoted entirely to plane geometry ; then
it is usually given in the second year of the high-school course.
Arithmetic is generally required in the commercial courses, and in
some high schools it is required in other courses also. In addition,
in the third or fourth year of the high-school courses a half year of
advanced algebra and a half year of solid geometry ‘are offered as” -
electives, and then plane geometry only is required.

The following course in mathematics, given in one of the largest
high schools in the Middle West, \is typical of the work given in
schools of this class: In the first’ year; algebra; in the second yesr,
plane geometry; in the third year, solid geometry and advanced
algebra; ip. the fourth year, trigonometry. The instructor in mathe-
matios in this school writes as follows: “ A modification of this
gourse that wounld possibly be an improvement is the introduction of
elementary solid geometry propositions, and trigonometry notions in
.~ @ first, course in geometry, to be given in the second year; the re-
. i of, i, gomey. toguhet with tho most diffult plgne

-
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geometry propositions, to constitute an advanced coarse, coming in
the third year. This would permit of the introduction of a wide
rarige’ of extremely mterestmg problem material into the geometry
course.”

RELATION OF NATEEMATIOS TO INDUSTRIAL WORK.

The general tenor of the replies received indicates that a greater
effort is being made to correlate' mathematics taught in the grades
and in the high schoel with manual training, domestic science, and
other industrial work offered in these schools. As a rule in academic
high schools, separate classes in industrial mathematics are not con-
ducted. In evening and trade schools, the mathematics offered is,
taught frequently by the instructor in the trade. In this case, the
mathematics taught is such as will be-useful in the given trade.
Shop formulas are taught these formulas are applied to-practical
problems and the meaning of the formulas ig made clear. Emphasis
is placed, primarily but not exclusively, on the empmcal use of the
formulas instead of on the demonstrative side as in high-school
mathematics. In the Washington Irving High School in New York
City, a technical high school for girls, the course in mathematics
follows a course made by the domestic art and commercial depart-
ments of the school. I

The following replies to the questionnaire will indicate in greater
detail what is being done along the line of industrial mathematics
and the effect industrial work is destined to have on mathematical
teaching.

From a large city in the East is the following reply: * Industrial
mathematics is taken up in the Technical Evening High School, and
in the vocational schools. In each case, separate classes are held for
mathematics, but it is correlated as much as possible with shopwork.
The demonstrative side is,not emphasized particularly, neither are ™

" formulas given empirically. Our instructors try to show the reason
why and to make the rules and formulas logical deductions. I have
no doubt that with the growth of industrial work in the schools a
system of shop mathematics will be evolved, beginning with arith*
metic and extending certainly thrfough geometry, which will app]y
particularly to the industries.”

: Another superintendent writes: “No work in industrial mathe-
matics is given. Use is made of pmctlcal problems and applications
of mathematics to the arts and sciences because experience has shown
that such problems add mtemst. to the work.”” “

A third superintendent in one of the large Western cmes says:
“ There is nothing special in our course of study known as industrial
mathematics. I think, however,’ that there is need. for work of this
lnnd In oonnectlon w1th manual trammg, mathematws especmlly

2, o
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suited to this kind of work is, of course, used. The same is true in

regard to various Jlines of manual activities offered in the Manual -

Training High School. There is no doubt that the public school in-

dustrial work will tend to make arithmetic, taught in the elementary

- schools, much simpler and more practical in its character.” ‘

A principal of one of the large high schools in the Middle West
says: “ Shop arithmetic is given with class lectures and work in the
shop.” Application is emphasized. No attention whatever is paid

" todemonstration. There is no correlation at present between mathe-

matics and industrial work. In the near future, the mathematical-
subjects will have to treat their problems and theorems as some part -
of the world in which we live, apd not as something that pupils think
exists in imagination. Industrial work will make demands on the
pupils which will require them to get their mathematics in organized
shape.and hold it ready for every emergency.” )

In a large city in the Middle West the practical side of mathematics
‘in the grades is emphasized by supplying pupils with mimeo-
-graphed sets of questions and problems such as would arise in buying
familiar ‘articles at the meat market, at the grocery department,
or at a department store in its various departments. These problems
are arranged to bring out the idea of economical buying of articles
needed for a meal and of buying articles needed in the various
phases of domestic work. Problems are given on the cost of heating
and lighting a house by gas and by electricity. In this case, state-
ment is made of the number of feet of gas used, and the number of
kilowatts of electricity used, and pupils are required to compute the
monthly bill, for these items. Problems are also given relating to-the
practical work of different industries, such as railroad and foundry
problems, pay rolls, cost of house furnishing, etc. Data are, given
of the amount of money spent by the city in each of the various kinds
_of city improvements, and the amount of improvement made, for
example, the number of miles of street pa\qu in brick, in asphalt, etc.
From these data a large number of problems are develaped. It is
evident that problems of this kind corffect, directly with the child’s
home life, with the industrial life, and with the civic life with which
he is familiar. . ' AR

CHANGES WERDED IN ;n MATHEMATIOAL CURRIOULUM.

The changes needed in the mathematical content and curriculum -
are along the lines indicated in the foregsing. The principal of one
of the largest high schools in New York City esys: “ The mathemati-
cal courses need reformation. What can any sort of mathentatics

. do for the ordinary man, the ordinary woman, the industrial worker,
. the hopsekeeper? .Get this mathematical desideratum expressed in.
). terms:of -power and information, and then plan your course in mathe-
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mntws to pmduce the outlined purposes. At pMent the procedure

is, ¢ Every high school has algebra and geometry. We'll have them
too Neither of these subjects springs out of the needs of the stu:
dents, nor is it concretely directed toward equlppmg the students with
any useful knowledge or power.”

The following quotation sums up the opinion expressed in the large
majority of the replies received: “ Some of the less essential should
be eliminated * * * and more drill given to eoncreto problems
involving home and industrial life.”

REQUIRED AND ELEOTIVE MATHEMATIOS,

The opinion of a large majority of principals and superintendents,
answering the questionnaire, is expressed by the following quotation :
“ Elementary algebra and plane _geometry should be required of all. -
All should have at least this amount of mathematics so as to appre-
ciate the disciplinary and practical value of this branch of human
knowledge. Algebra and geometry are essential to a study of the
sciences. ngher algebra and solid geometry may with profit be
inade elective.” '

The following quotation expresses a more radical view: “ If ll-
gebra and geometry must come at the beginning of the course, 1

~ would make both eiective on account of the immaturity of most be- .

ginning students. Thé great modification that I would suggest in .
high school mathematics ‘would be a shifting of the whole matter at
least one year hxgher in the course, using the first year for language, -
history, and science sub]ects.

PROPOSBED !'UBION OF DIFFERENT BRANCHES OF MATHEMATIOS.

The general opinion of those answering the questionnaire is that
- algebra and geometry should not be fused into one course in mathe-

matics, nor should plane and solid geometry be fused. The follow-
ing is a typical quotation: “Algebra and geometry should ‘*not be
fused. By such a plan students will gain very little.knowledge of -~
either.” Algebra should precede geometry. The step from-arith-
metic to algebra is much easier than from arithmetic to geometry.
Arithmetic and aljgebra are more closely related. Plane and solid -
geometry should not be fused. ' )

The opinion is very generally expressed that, while it is untisirable .
to make the fusions spoken of, a very much closer relatlonshlp should
exist between the different branches of mathématics offered in the . -
high school Y

" ORDER OF MATHEMATICAL STUDIES. '

The quotatwns given above and many others of similar nature
that oould be ngen, expmss the prevalhng opmxon that :lgebra should

: f
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precede demonstrative geometry, though & course in censtructive
geometry should precede algebra. Plame goometry should precede
solid geometry. ’ ~

' THE UTILITARIAN €IDE OF n'm'xprxcs IN THE PUBLIC SOBOOLS.

“In what ways is stress placed on the utilitarian side of mathe. *
. matics? ” was one of the questions ashed. This iy a question to
which few satisfactory replies were received. The prinoipal of one
- of the largest technical high schools in the Middle West says: “ Use
is made of practical problems and applications of mathematics to
the arts and sciences beenase experience has shown that such prob-
lems add interest to the class work.” ‘ .
Another principal says: “ In the grades no speeial stress is placed
on the utilitarian side except that we attempt to find worthy ooncretes
problems. In the Manual Training High School shopwork is made
the basis of many problems in arithmetic and geometry. The com- .
mercial course in the high school aims to be altogether practical.”
A superintendent of a large eastern city says: “ Commercial arith-
¥ metic is-studied as a regular subject in the business course, and all
. work in ‘manual training is from drawings and plans, requiring
- mathematical computations.” g
Another superinféndent states : “ Material for problems in all grades
iy drawn from home and store and goneral - outside experience.
Printed forms, bills, and blanks of various kinds of business are
used in the classroom, tax bills, gas bills, etc. Pupils are required
to compute the customary discount on thess bills.”

MATHEMATIOB AND APPLIED BO'ITINOEI.

The replies indicate a general tendency to use in the work in mathe-

matics problems from the applied sciences, models, etc., to make the

» work more effective. The following are quotations from the answers

to this phase of the inquiry: “ Problems of parallelograms of forces,

falling bodies, immersed solids, solids made in the manual training

department are used.” “Problems in elementary mechanics, card-

. "board models, and similar devioces are used.” ¢ Sectional models

should be used as foundation work in mensaration in the grades and

in the high school. All instruments and machines from which prob-

. lems are drawn should be, so far as possible, studied, and from
these the results should be, verified.” -

" CORBELAJION OF DIFFRRENT LINES OF MATNEMATICS, \
Relatively fow schools indicate any considerable attempt to cor-
relate the different lines of mathematieal work in school. A very
. large number of schaols make no reply to this phase of the inquiry. .
- Bpmo ropart, that no carrelation is attempted. A fow repoct
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work along this line is carried on: “Algebraic methods are used in
-geometry work; algebraic results and formulas are illustrated geo-
metrically ; lognrithmic computations of volumes is made in solid
geometry.” “Algebra and geometry, while not taught together, are
made interdependent as much as possible.”

DRAWING AND GEOMETRY. /_\

Is the f\mdamental relation between drawing and geometry empha-
sized? If so, how? To this question few answers were received.
The following are some of them: “ Yes. In mechanical and archi-
tectural drawing.” *“The course in mechanical drawing, given in
the first year, is introduced by the gmp]ncal solution of a number of -
geometyic construction problems.” ¢ No. The drawing teacher

. teaches perspective, for instance, which is a direct application of
geometry and optics, without any reference to either subject. I
doubt if any drawing teacher ever was taught the connection.”

* The fundamentnl relation between geometx'v and drawing is em-
phnsnzed both in®the grades and in the high school, in manual train-
ing, in arithmetic, in geometry, and in mechanical drnwmg ¥ Very
strongly. We give an eight weeks’'course in preliminary geometry,
and insist on accurate drawings all the time.” * Mechanical draw-
ing is applied geometry, and its relations are made_use of perforce
in all mechanical drawing and drafting for industrial work.”™ These
quotutions serve to illustrate that in spite of some divergence in
opinion the importance of this phase of the work is coming to be
recognized in schoolroom practice. .

EDUCATIONAL NUSEUMS.

Very few of the cities heard from report that they are equipped
with a mathematical museum. Very many of those who replied in-
dicate a belief in the value of such a museum, as the following quo--
tations show: ® Undoubtedly a collection of models, instruments,
pictures, etc., would be of great value.” We believe it Las some
value, but it is not essentinl.”_, “Tt is too bad that we have net such
a museum.” *Illustrative material is always of value. It stimu-
lates interest and self-activity.” Occasionally a pessimistic note is
heard as the following: * I never saw an educational museim that
was worth anything, chiefly because it was so administered that the
"téachers would not take the trouble to use it.” :

_ COMOLURION. X
These replies, wkich were received from cities in all parts of the’
United States, indicate a strong tendency to increase the amount and.’
_vanety of mdustrml work oﬁ‘ered in pubhc schools. j

2 % _m_‘_‘-‘ e A_;. L

F" ; v ]
T, . . . \
oo ., o - |




170 - MATHEMATICS IN THE ELEMENTARY SOHOOLS, \ 4

Where trades are taught instruction in shop mathematics is given
usually by the instruetor in the trades. The work as given in these
classes in shop mathematics is adapted directly to the trades taught.
In the regular mathematical work in the public schools no.great
change in the mathemuticz;(I curriculum is demanded.

The effect of the industrial work is, therefore, to introduce into

“all lines of public-school mathematics a larger number of problems
related to the industrial work done in school, to the industries car-
ried on in the community, to the actual life of the child and his,
home, and to the civic enterprise of the city. - :

. ) ‘ . ‘\ §
N SUBCOMMITTEE 2. CORPORATION INDUSTRIAL SCHOOLS.

In corporation industria] schools the type of work done in mathe-
matics varies with the demand for mathematical knowledge in ‘the
work carried on by the corporation. In one school, as, for example,
the John Wanamaker Commercial Institute, the work will consist
mainly of commercial arithmetic. In another school the mathematica!
curriculum will extend to a knowledge of algebra, geometry, and pos-
sibly trigonometry because of the need for understanding formuls
which must be applied in machine shops. In these schools, as has
.been suggested above in the discussion of apprenticeship schools,
there are found boys who have had from six to eight years of ele-
mentary school work, with an occasi al boy who may have had some

- work in high school. With this rather'ijeager equipment, and with
the large need for mathematical knowledge which must be applied to
shopwork, it becomes apparent that the problem of the shop school is
largely one of getting before the class problems which deal with
actual shop conditions and teachers who understand shopwork, as
well as theoretical mathematics. o 3

Our standard textbooks deal with mathematics in a general vway,
covering many subjects which have no connection with manufactifring
industries. This beng the case we can not use the existing textbooks
for problem work, and therefore it falls upon the instructor to
write the problems required. These problems must, of course, follow -
in order the usual textbook classification. .Since each kind of indus-
try requires problems adapted to its production, no one book can pro-

+ vide problems for all industries requiring trade knowledge. How-

 ever, one textboolg can cover sufficiently the industries representing the
manufacture of machinery, engines, and electrical -equipment, .

The problems must not only follow textbook classification, but
they must be in fact what they purport to be, namely, shop problems.
In the writing of these problems it is absolutely necessary that the

-
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instructor should be a man who has Mehop exponence and one who
is familiar with the various departments and in touch with facbory
~ conditions.
These problems will involve not only a knowledge of the machines
in use but an intimate knowledge of the factory production, stock .
departments, and piecework rates. This knowledge is necessary be-
_cause the shop boy is quick to note an error in dealing with factory
“work, and he is equally qulck to lose conﬁdence in the mstrucbor who
.shows a lack of shop experience.
The work in arjthmetic, algebra, etry, and trigonometry in
. schools of this type is not sharply differentiated as in the ordinary
school. In order to indicate something of the nature of the relation-
ship which exists among these subjects, as well as to give some idea
of the subject matter covered and the method of instruction, the pro-
gram of work carried out under the direction of Maj. A. W. Lowe,
superintendent of educational classes for the General Electric Co.,
West Lynn. Mass., is given in the following pages:

ARITHMETIC.

Having written the problems, the next step is to have the apprentices work .
out the values. One method of teaching the above subject I8 to have the prob-
lem given In the usual way; then substitute literal values for the numerical"
values previously given and put the problem in the form of an algebralc state-
ment ; then substitute a set of numerlcal values for ‘the literal quantities and

" solve the problem. /

T give’herewith specimen examples: / .

- Problem 4. Brass castings are worth 23.25 cents per/ pound ; cast-iron cast- ¢
ings, 8.75 cents per pound; malleable-iron castings 4.68 /cents per pound. Dur-
ing one week 5,980 pounds of walleable-iron castings, 8,760 pounds of brass
castings, and 21,900 pounds of cast-lron castings were shipped. What was the
value of the castings seut out?

Problem 2. Brass castings are worth (a) cents per pound; cast-iron castings,
(b) centa per- ‘pound ; malleable-iron castings, (¢) cents per pound. During one
week (d) pounds of malieable-iron castings, (e) pounds of brass cagtings, and
(f) pounds of cast-iron castings were shipped. What was the value of the
. castings sent out?

«Problem 3. Using the literal quantities of problem 2, let (a) = 27.5, (b) = 8.8,
(c) =448, (d) =6,830. (e) = 7,240, and (f) = 2,250. Whnt was the value of
the castlngs sent out?

Problem 4. With a good quantity of coal Qhe average coal consumption is 1}

o ponnds per indicated horsepower per hour for a 1,400 H. P. triple-expansion
° engine runaing condensing. How long wyl it-take to consume 250 tons of coal,
providing the englne averages & 14§-hour Tun for each 24 hourg?
. Problem &, With a good quantity of coal the. consumption s ‘(8) pounds per
ilndlcated horsepower per-hodr for a (b) H. P. trlpleexpanslon englne running
condensing. How long wili it take to consume (c) tons of coal. provlded the
engine averages & 16§-hour run for each 24 hours?

Problem 8. In problem 5 let (a) = 1§ pounds, (b) = 1,260 H. P.,and (c) =

tons. How lohg wlll_thersupply of fuel last? g :
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It hmumumtmuhodnflmudwwthowpmdcemeﬂm steps in
algebra, and my experlence shows that the boy by this method graspe the fiea
of algebra much more quickly than by the usual “cut and dried " methoda.

‘ , ALORERA.

A portion of the alithmetlc class period should be set apart for the atudy of
elementary algebra,

It may be argued by some that the study of algebra l- not noceaury fn an
industrial educstion. To such [ will say that the study of algebra is necessiry
to a proper understanding of the formulw which the boy will be called upon
to use In his later work.

In the teaching of this subject great care must be exerclsed by the instructor .
{n that his explanation of elerentary principles must be so clear and concise
as to eneble the boy to understand the very foundation of algebra. Much
attention is given to the use of the formula and the eimple equation.

PLANE GEOMETRY,

In the teaching of plane geometry we give the boy lnstrucnon mlatlnﬁo tho
line, and -plane figures. He is held to & rigorous explanation of the theorem
and the class 18 not allowed to pass to the next theorem until (he one under
dlscussion is thoroughly understood. Wherever possible, the attentlon of the
boy 18 called to a practical application of the principle involved. This arouses
the Interest of the boy, for the subject then has a mmulng and its uppllcatlon
is tangible and not Imaginary.

In coniteetion with the geometry the subject of mensurnuoq 1s tuught in
probless involving welght the boy first calculates the welglt and then checks -
this calculation by weighing the article. )

If there be a difference in the two results then the boy niust prove whether
or not the calculation is correct. He finally decides that the error Is due to AA
* his mistakes in the calculgtion. With the area of a plane surface a slmilar A

method ls followed and the boy must measure the surface and compare the .
result with his calculated area.
A few specimen problems are &iven below :
Problem 1. A cylindrical oll tank is to be made 30 inches h did
long enough to bold 200 gallona Find the length.
Problem 2. The handwheel of a rbeostat is 5} Inches inside diamd er and
74 Inehes outalde diamgter and creas section 1 Inch In diameter. The \iub Is
1§ Inches In dlameter by 1¢ Inches long and the bore .is one-lalf inch in 4
‘- eter; connecting the hub and hand part are 4 spokes each one-half in
diameter. Find the welght, if made of C. I. _
Problem 8, The concentric dlffuser of an arc lamp is cenical pha pe, 40 Inches
in diameter and 8 inches high. If the upper rays of light sfrike the surface
6 inches from the base, find the amount of reflecting surface ; e

eter and

come. The outer surface of the frustum is 8 lfiches in dlameter g

. 6 Inches in dismeter; the beight is 1} inches. What 1s the angle mthe
for the development of the leather, and what is the radius for the b8

the top? , \

rmonoumr . +

This ends the subject of mathematics as pure mathematica, It lma been J

proven mpeatedly In shopwork that a working knowledge of trlgonometry i”

s ‘one of the moct valuable assets a -hopman can pouess. Oy large, and some-
C», a
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times small, layout work a knowledge of this subject is abaolutely necessary,

r oftentisies an axqct dimension must be given nnd the work nust be finished
tof that dimension. :

Our boys are given instruction ln txkouome&ry through the solution of the
oplique triangle. Not all the axemples or problams sre given Lo the class, but,
enough are given W enable the boy to handle any problem which he will be:
called upon (o solve in the execution of his shopwork. .

He is given thorough lpstructlon in the fundamental principles of the uubjact.
and his knowledge of theee principles is thoroughly wsted

A few specimen problems are given below :

Problem 1. Three holes are 80 located on a custing that the lines counecting
their.centers form a right trlangle. A {e.an acute angle of 28 degrees and tle -
bhypothenuse (c) is 11 inches Flod the aides a avd b.

Problem 2. A cast-steel exhaust @ange 18 20 inches in diametsr, is H h}cbes'
thick, and has 8 bolf holes nine-eixteenths inch in diameter -and exbaust
opeaiug 6 inches in disipeter. What ie the surface area? Whbat 18 the weight?
What I8 the distance begween the centers of any two cousecutive bolt hules?
1f one-eighth inch was allowed for machining, what 18 the original welzht
of the casting?

Throughotit such a course as is outlined abov e, the real test of the
boy's knowledge of his theoretical work is found in his ability to ap-
plv the principles supposedly mastered, to what are ususlly termed
practical problems In the work at West Lynn the boy's knowledge
of mathematics is applied to mechanics, power of transmission,
Srength of materials, calculating mnchme parts, magnetism, and
electricity.” -

Mr. Gardner, of the School for }\pprentlces of the New York Cen-
tral Lines, characterizes their work in the following language:

Stress is lald upon the practlcal and commercial side of the mwathematlical
lnstructlon Every 'example 18 clothed in the language of the shops and s
illustrated by actual practice in the boy's dally work. For example, the boy
learns rativ aypd proportion by figuring the change gears for cutting different
screws in his lut_he. and tbq rinciples of leverage are demonstrated by the
throttle and reverse lever on! locomotive and the brake rigging on the car.
No attempt s made to teach subjects promoting general culture. The system
i3 not pl':llnnthx-roplcx but 18 a bard and fast buslneu proposition firmly fixed
upon a paying basls

Things are not taught that are Intcrestlng to the teacher. but those that are
useful to the student. The apprentice needs a working knowledge of elementary
mathematics, but the vital point !s that it should be element and that it
must be a working knowledge....The Problems are not regarded as affording a
‘complete prog‘ram of study in tself, But nlways form part of a regular course
planned in agcordance with the trade the boy 18 following.

Arithmetlc/, algebra, geometry, physics, and practical mechanics arc fused

80 completely that the student knows no study by any name but arithmetic.
_ It has not been found expedient for skilled mechanics in rallroad service to

acqulre a knovwledge of higher mathematics. a

All convénﬁonal limits between ail branches of mathematlca are suppressed.
Mathematlps is taught by lesson sheets. Each boy takes two sheets of problems
home per week, each sheet containing an average of seven problems. In the
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classroom and lgboratory two sheets of practical problems capable of actual

demonstration” are finished per week. Bright boys may do as many more at

i home or in the classroom as they wish.

L 4 '. The boy is taught by the instructor and his assistant, and is not told how to

" do examples, but is asked how to do them. Groups of boys are Instructed in
the laboratory by the shop or classroom Instructor. Imstruction is very in-
fo! I, and friendly discussions are encouraged between the boys and the
teacher, consistent with order and discipline.

Leverage models for problems in all classes of levers, racks containing gears,
and lathes for studying the properties of gearing, wheel and axle model, pulley
blocks, inclined plane, screw jack, etc., are used. A small gpright engine is
uséd in the laboratory for teaching valve setting. Models of the Stephenson

. and Walschaert valve gears are atudied and sma}l scale models of engine wheels
and frames are employed for teaching boys the practical way of lnylng\out

- keyways for axles and eccentrics and for setting the shoes and wedges which
are uaed in the main driving-wheel journals of locomotlves. A small tension
and compreaalon machlne is used for a course in strength of materials.

Sample sheets of home problems usgd in the apprenticeship schools. Y
of the New York Central lines follow:

-If a raise-of pay of 10 per cent is made in a man’s wages it means that one-
tenth of the present amount will be added to it. If his rate is $2.60 a day one
tenth of this is 25 .cents, and his new rate is_$2.75.

Suppose. now our man getting $2.75 & day was cut 10 per cent: what would
he receive? 2.75+4-10/100=0.275, and $2.76—0.275=82.474, which 1a less t.l}‘an he
got in the first place before he was raised 10 per cen{, We thus see that a 10
per cent raise is less In amount than a 10 per cent cut. This is because our base
for the cut ia # larger sum than the‘base for the ralse.

‘When we say an engine or motor is 85 per cent efficlent, we mean that we are
getting 85 parts of work out of a possible 100. When we say a certaid quantity .
. Of coal contains 65 per cent carbon and 1 per cent sulphur, we mean that 65/100
ot any amount of this coal is carbon and 1/100 is sulphur. We do not mean
that 65 poynds are carbon and 1 pound is sulphur. ) i

0y

N BATIO AND PROPORTION.

"1, If a planer has a cutting speed of 30.feet per minute k\ﬁd a return speed
of 147 feet per minute, what s the ratio of the cutting speed to the return .
speed?
*. 2 Wbat ratio fadhe area of the stedm port to that of the exhaust port on an
= engine having a steam port of 24 square inches and an exhaust port of 36 square
inches? 0
8. The dead load of a 50-ton frelght car, conalstlng of the welght of the car
"+ empty and the tfucks, is 42,600 pounds. The live load, or the welght -of the '
freight carried, is 108,000 pounds. What is the ratlo of the llve to the gead .
load?
.4. I the car In the above problem bad only carrled 87,400 pounds of frelgh}
/%" what would have been the ratio of the live to the dead load?
6. What Is the ratio of the dead to the Iive load In a passenger coach w
the car and trucks weigh 80,450 pounds, and the passengers weigh 4,500 pounds?
6. On a 86-inch planer the ratio of the cutting speed to the return speed of
the table 8 1 to 2.04. Wlxh a return speed of 50 feet per minute, what {8 the
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_ square Inch, how much w uld the two 1.Inch rivets ‘stand before they would

':e"a
: e -
L | -
. Fa. 28. .
6. In the Jolat shows 1n fg. 27, umaummlm}ummanamq ;
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BOILERMAKER'S HOME PROBLEMS.

1. How. much will it take to shear a thres-fourth inoh stest rivet if the shear-
ing strength of the stee} {s rated at 46,000 poumds per square twuch? .

2. The tensile streugth of boller plate is 58,000 pounds per lqun'lmlx How
many pounds weuld it take to pull apart & plece of plao%bchuvluby
three-fourths Inch thiek?

8. Two one-half inch plates A and B (fig. 27) sre joied by two M-inch rivets
in a single-riveted lap joint. Suppose the plates were pulled part, the plate B
tearlns between the rivets on the line X X X. If the tensile strength of the

Y : °
o X

Prorih vniouscamsissseconirisssiniscziisssioiiy B
\\\\\\\\\‘\\ { L] .

AN RN

¥re. 27,

plate 18 55,000 pounds per square inch, what was the pull in pounds which tore
the. plate?

4. With the same plates_as in the last problem, what pull would war the
plate If the rivéts were three-fourth inch instead of 1 inch?

6. If the shedartng strength of the rivet iron (fig. 27) is 45,000 pounds per

be sheared off? How much would it take to shear them If they were only -
three-fourth inch in diameter?

plnte one-half inch thlck, which will give way first, the rivets or the plate?
GHENERAL MBOOM PROBM!I!.

mmm.mupmunmmuammm
nuwwwmammm"mwumm Use
mm,mchmw B, o3 :
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Find area of rectangle A in square inches; find area of rectangle B in square
inches; find area of rectangle C In square inches; find aYea of manhole in square
inches; find area of 24-inch half circle in square inches; find area of two 12.
inch half circles in square inches; find area of two 6-inch corners in square
inches; subtract the two corners, the 24-Inch semicircle and the manhole from
rectangle G, then add this area to A and B and then add to these the 24-inch

_Circle made by the ends of the two Jewe; what 18 area of finished plate {n square
Inches; what is area of finished plate-in squsre foet; what 1s weight of finished
plate in pounds?

z —
. ! +1
\‘—\ i /"
So Nl | ‘
S // m\ % -
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_ waight, .

L Apatety Yalve V on a stationary bofler is loaded with a 50-pound welght

Fia. 20.

Find the weight of coal which s contained in the two hoppers of the hopper- !
bottom gondola car shown in Fig. 29. Find the area of the triangular end of one
hopper and multiply this by the length of the hopper. The shape of the hopper
is & triangular priem. .

Remember that 1,728 cubfc inches make 1 cublc foot and that.1 cuble foot of
coal weighs 45 pounds. .. -

Conslder tlie top side of the hopper to be flush with the floor of the car.

Area of two triangular ends, square Inches; volume of two hoppers, cubie
Inches; volume of two hoppers, cubic Yeet; welght of coal in two hoppers,
pounds. ' ' o 3

In all leverage problems the first and most important thing is to find ‘and
locate the fulerum. The fulcrum I8 the point which determines the moment
arms from which we get the required answer.

ity Joment arm 18 Always the distance from the fulerum to the force or

* would

valve,
% 12 <o weight'

at W, (Fig. 80)) Fiad: ¢he total stests Pressare on V netessary to open the

was changed to 75 Mdscndfhedlshncem the eenter

@&;@g,yplvgtothemm-umwmdoa‘lmMmmm‘pre-nwg'
16 CAXG 06 opegt b valvpy ' ;oo o
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50 pounds per square inch steani pressure.
ter. If the lever is designed as in Fig. 80,
Sed? Give answer to nearest even pound.

wn by Fig. 80. )

The safety valve Is 2 in
how heavy a weight must
4. What class of lever is

1. Fig. 81 shows a tender-brake rigging operated by an 8 by 12 inch air cylin-
der. If the plston moves 8 inches, how far will the push rod move? .

2. Draw the simllar triangle diagram for problem 1 on the blackboard and
mark plainly all dlmensions and distances moved.

—'f-(lé‘r—

PUSH ROD

AR

Fic. 81.

8. If the'air pressure in the brake cylinder was 80 pounds per square inch,
what would be the force transmitted by the push rod? 0
Fig. g2 shows an alr holst using a regular shop tackle with two pulleys i

the lower, or. movable, block and two in the upper block. The loose end of the

rope is fastened to the upper block. This arrangement I8 useful when it is
necessary to have a good deal of power with a low lift.

>

N\

Q

.3‘[

Fuo. 82. ' _ Fro. 88.

1

L Tf the total lift required for the hQ}st shown 1n Fig. 38 1s B feet and the
henaviest casting weighs 12,000 pounds, what length of cyunder would we need,

allowing 2 inches additional for clearance?
2. In the above problem, what power must we have on the ptltm? a 00

8. The hoist shown in Fig. ssmmmpuneyn—oneonthepuwnioaund .
two on. the structure. If it is reguired to lift. a8 maximum load of 8,000 pounds - l-':;{'

with an available air pressure of 80 peunds per squars inch, what' size cylinder
lhonld be uud! Give answer to.nurut even inch.

—
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sncoumxi: 3. PREPARATION OF TEBACHERS OF MATHEMATICS /
TOR TRADE AND 'IND OO0LS8. - -

gation of the preparation of
teachers consider the character of the preparation which teachers of
mathematics have had who are now ¢mployed in trade schools or in -
schools which emphasize the practical el t, and also the changes |,
in preparation for this work which “ufe desirable, and how such '
\ changes may be brought about.. As a preliminary to the two main’
inquiries it was also thought to be desirable to investigate briefly the
status of mathematics teaching in practical schools in order to deter-
mine the relative importance of the subject as indicated by the amount
of timp given to it and by the character of the teaching. With these
objects in view about 25 schools were choseh, located in widely sepa-
rated sections of the United States, including allsthe day and evening
trade schools, public or private, known to the investigator, and also
about the same number of technical or industrigl schools having a
more general vocational aim; and to these were dent the following 4
questionnaire: i
1. 1s mathematics taught at all in your school? If so, kindly indi-
cate the extent in hours per year (a) of theoretical mathematics; ()
of applied mathematics. . . ;
2. Is mathematics in your school taught by one or more specialists .
in that subject, by. a teacher of other subjects, or by both classes of
teachers?  (c) Number of special teachers of mathematics; (5) num-
“ber of teachers of other subjects who give mathematical ingtruction.
8. Outline briefly the character of the preparation which your
teachers of mathematics have had, whether specialists or not. .
4. What facilities for preparing teachers of mathematics for trade-
school work are known to youf ’ )
5. Do you feel the necessity of extending the faoilities for such
preparation; and if so, what recommeéndations would you make in'
regard to it} . _ =
The responses to:this guestionnaire werg, prompt and generally
complete. There was A'wide range in the statistical replies cailed for
in the first two questions, as might be expected from the varied .
characteér of the schools to which the questionnaire was sent. There
‘wquid be no value in tabulating these returns.” The significant facts
determined were that near}y all the schools give some instructiorn in
. theoretice]l mathematics, only two reporting “ no insfruction,” and all
- meported that they give some imstruction in applied “mathematics.
| P Hiumber of hours of imstructian in theoretical mathe-
- tugticd i5'440 hours per yer ard in applied mathematics 988 hours
(ber year. This 18 80 far in excéss of tle average that it.seemed’some-
o What abnoimal. These Sggres were reported by the director of 8 - |

Ay r\l ;
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‘trgde school connected with & certain large manufacturing interest. -

. Aside from this-extreme example the average time devoted to theo-
retical mathematics may_ be said to be about 800 bours covering a
period " of one and one-half years, while the average time devoted to
applied mathematics is 210 hours covenng sbeut the same time.

* Several of the reportd, however, recognize no distinction between the - !
theoretical and the applied ‘mathematics, but give the average amount

* of time to the subject’as a whole. There is some reason in this view

- of the case, inasmuch as theoretical mathematics should be, and pre-
sumably is, tsught in practwal schools not, for mengal discipline, but

, for its utility as a necessary ‘part of the equipment of the worker in a
shop or factory. It is, in fact, very difficult to draw the line between

| theoretical mathematics ta.ughl. with a _practical aim and applied

* mathematics. X

The"replies to the second question mdlcated that about the same
number of special teachers of mathematics are employed as those
who teach mathematics as®a part of their work. The reports indi-
cate, however, & tendency in the direction of the employment of
spema.l teachers.* In all large schoals the special feasher is the rule,
though one large ipdustrial school reported only 8 smcml teachers of °

. mathematics and 13 who teach other subjects as well. This is evi-,

* dently an exoeptional instance. Most of the schools reporting a °

. mixed program for teachers of mathematics were small schoa]s in*
which’ such a pohcy is & 'manifest necessity. There seemed to be
recognition of the idea that mathematics teaching, to' be most effec-

¥ tive, should be in the hands (?; special teachers trained by study and
by experience for this work.

Turning .now to the first of the two main paints of our inquiry -
viz, the l;g:u‘».cter of the preparation which teachers of mathematles
in practical schools have had, the reports indicate that college gradu-
ates and graduates of engineering schools largely predominate,
though in a few instances the highest training was received in-

. normal schools., It should be said, hoWever, that all the reports .
emphasized the fact that, in the selection of teachers, fnuch weight
was given to practlcal experience in the shop er draftlng room as s,

3 necessaty element in the trammg of teachers of mathematics in prac-

" tical schools. Such training is manifestly essentisl to effective work

i applied mathemahce. Speaking of the teachem,of apphed mathe-

~matics, the director of the School of Industrial Fommeh in Boston
says: “ They are teachers of many years’ expegjence in mecl)nmml '
and electrical engineering subjects, but have not specialized in mathe. =~

.mntxcal work. Such teachers-are much better able to get.the point -
of view- of men carrying on work in the drafting room, shop, or

+ factory ‘than is possible for a teacher whose experience is limitell to_

mthem;txml mstmctxon pm a.ndﬂnmple- ‘This: qnomaon hxr&y';;;“t
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represents the general tone of.all the reports on this point. College
-graduates who are teachers of experience are effective in teaching
- theoretfoal mathematics; but in order to present the subject of ap-
plied mathymatics effectively much actual shop experience is essential.
This thought was well expressed in one of the papers by the director
of the industrial classes in Fitchburg, Mass., in recommending
preparation in the * best poesible technical schools with 5 or 10 years’
shop experience as apprentice or jourheyman.” But, ideal as such
preparation may be, it will be recognized as a very difficult thing to
accomplish in any large.way. Certainly the number of teachers of

»

mathematics, ¢ven in practical schools, who have received such- train-

to the fourth question—viz, What facilities for preparing teachers
of mathematics for trade-school work are known to you?—was

- “ None at sll.” i
Passing to the second mkin point of mquiry—viz, What changes in
~ the present order of preparation for th';\%{actical teaching of maghe-
- smatics are desirable?—the trend of the replies was in'.favor of

_ extending such beientific and practical training as engineering courses

ochools seems to feel that special school facilitiés for preparing
teacheys of mathematics for trade-school work would be desirable or
indeed possible. One director writes that a course in practical
- mathematics with a view to teaching “should be given in engineer-
ing courses in technical colleges,”.and another says that it seems %
that no special facilities to develop teachers of practical mathematig;
should be provided, but rather that the effort should be made 'g:
develop in engineering schools teachers who have a realizing semse.of
the importance of applied mathematics and who should further per-

... practical problems as they arise from time to time in actual shop-
work., _ '
Finally, .thiéareport may be summarized as follows: There aTe at
present no special facilities for training teachers of mathematics for
trade schools. Such teachers now find their best preparation, after
the necessary theoretical groundwork, in séveral: years of actual ex-
perience in applying mathematics to the problems of the shop and
drafting This practicsl experience is considered to be of such

* vidw of thoee who have had eXperience in directing trade-school
viork; tqugncourags special school training te 'Qevqlgq teschers of
mathematica for trade schools. iy ; i 5
+i. ¥¢'18 onlly fair to suggest that in some of our normii} schools the
4 ochools” This s cepéinlly

otess RO
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ing must be relatively small. With véry few exceptions the answer

and shop experience can afford. No director of industrial or trade X

feot themselves for teaching by actual experience in the solution of -

importance thst it does not seem desizsble, from the present point of -

g Ww&m@m will do much to equip
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true in schools in whxch much attentlon is given in the industrial
arts. Not infrequently the teacher in training will have the oppor-
tunity-to téach miathematics to students who are engaged in work in
the household and industrial. arts, and the démand will be made
that problems growing out of theu' shopwork be used in the mathe-
matics classes. Such training will not, of course, take the place of’
actual shop experience upon the part of the teacher, but we may
t that students who have had such experience will at least ap-
p iate the need for knowledge of the work done in shops. :
To the student of the elementary school curriqulum these investi-.
gations concerning the type of work demanded in mathematics for
special clasges of children will be suggestive in the reorgamzatlon.
of the whole curriculum for special groups of children. It is uf®
doubtedly true that in all subjects the tendency has been to prov1de-.
2 uniform course of study which takes little account of the lack of *

© “uBility on the part.of those who quit school and start to work because

of the lack of interest in the school program. On the other hand, .
the school has made little or no provision for children of superior
ability. 4f it is true that thé curriculum all along the line needs
40 be differentiated in’at least the last two years of the elementsiy
school colirse'to meet the ngeds of those who are to go into the indus-
tries, it is none the less true that speeial provision should be-madq for
exceptxonally capable children which. will result in the saving of time
ip their preparation for their later work in college or technical
schools. This mthxgatlon in the tenchmg of mathematics will,

' therefore, it seenis, not only be sxgmﬁcnnt in giving information to

those who plan to organize work in this field, byt it will also point

the way fora reorgamzatlon which is demanded In other subjects.
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tatning sccursey, domdmm, apd
speed, 107-111; status in rural schools,
16;. teaching, characteristic mod‘l in
met.hods 117-120, examples and prob-
lems, 113-117, Gemnl Electrie Co.,
171-172; use of methods of nhomhu
tion, 106-107; use of spécial algoriems,
oval forms, md wnmn unhgomanu;,'
111-113. :

Augusta, Me., wum_of study in muthe-
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study, 63,
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ty schools, organization, 81.
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\
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Class instructien, 188-180, o

Class time, division, 139-140.

Concrgte methods of teaching, 140-141.
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powers, 79-80, .

County school, organieation, 79.

Couree_of etudy, arithmetic, oduw.lon
department of New York State, 45-55;
olementary schools, California, 82;
European, influence, 130-131; general,
16-17; general content of the courses
by grades, 18-32; mathematics, changes
needed, 166, high schools, 164-185, in
each type of achool, 85-69, lack of uni-
formity, 131-133, seventh and eighth
grades, 146-148; primary echools, Tea-
neaee, 81-82; rural schools, 71; typ(ul
33, 44-64. .

Coumes, tendencies as to, 32-33.

-Courtis, 8..A., on standardized tests, 91.

Curriculum. See Course of study. .
Deparfmental tegching, 141, e
District organization of schools, 80,
aner, A. 8, on training of teachem for'

- elémen hools, 150.
Drawing, damental relation to geom-
etry, 169, o -

Education, nonpubllc sgencim, 12-13.
Educational alliance, New York City, 71.
Educational institutions, American, sche- -
matic survey, 7-14.
Elementary course, influence of eomplo&- ‘
ingy . '
Elementary educahon, aim (Hm ), 16,
(Tharndike) 15; dafinition of
Elementary sohicols, aim sad
" tion, 16-16; internal isatd
§3; specipl kinds, 153-181.
Europem.gumcnh, influencs, 130,
Evening schools, supported’ by
funds liat, 167-158
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Enmimuons, from the point ot view of

\ the school, 33-36, 72-74, 89-92; kinds,
83-35; mathematics, 136-138; ressons
for giving, 85; standardized tests, $8;
tendency in the use of, 35-36.

Formal discipline, doctrine, 128.

General Electric Co., instruction in math-
ematics, 171-173. '

Geometry, fundamental relstion to draw-
ing, 169; in the grades, 136; ifitroduc-
tion in early grades, 17; plane, instruc-
tion, General Electric Co., 172.

Grudes, amount of arithmi tic to be . .-
ered by, 83; distribution of maternal

through, 83; geometry, 136; 1 to 6,
«anathematics, 68-119; orgmintion,
181.

“‘Grube method, " aMhmetic, 118

Hanus, Paul, aim of elemenury éduca-
tion, 16.

High achool, mﬂuence of preparation,
120-130; mathematics, curriculum,
164-165. ,

Horace Mann School, experiments in
teaching arithmetic, 120; grading, 83

Household arts, relation of mthmeuc
to, 54.

Hull House, Chicago, 71.

* Indianapolis, schools, course of study in
arithmetic, 55-64.

Induction and deductmn, mching 141-
142. -

Industrial changes, in United States
80-81.

"Industml ‘educatitm cultural, 161—182

public schools, 160-170; public schools,
and local indust.riea, 183.
See also Vocational industrial work.
Industrial schools, corpontion, 170-177;
mtermedmte, instruction in mst.he-
matics, 154-165; wschen of mathe-
matics, 178+181.
Industrial work, relation of nnthemntlca
to, 165-166.
Inatrucmm class, 188-139
Interest, doctrine of, in tninmg the will,
128,
" John Wanamaker Commetcisl Institute,
.mathematical curriculum, 170, )
Kindeugutén, inﬂnaneo, 72; mathemat-

lﬁinefwwndnp umt 81,
Hlmchunm, wwnlhlp unis, 8. .

-
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Mathematics, and applied sciences, 168;
conduct of the course, 17-18; correlation
of diferent lines, 168-169- elementary,
influcnce of aims on teaching, 94-97;
elementary, methods. employed in
*teaching (Suzzalo), 93-120; introduc-
tion in early grades, 17; order of stud ies,
167-168; proposed fusion of different

~ branchee, 167; relation of arithmetic
to, 54; required and elective, 167;

teaching, influence of a scientific aim, -

84-97, methods employed, 75-78; utili-
tarian side in public schools, 168. -

Michigan State Normal College, arithme-

tic as a topic, 83-84.

$useums, educational, illustrative ex-
hibits, mathematics, 169.

National Society for the Promotion of
Industrial Education, list of trade
schools, 155-156.

Negro, trade schools, liat, 159-160.

New England States, toWnship unit, 81.

New York Central Linee, apprentices’

" schools, instruction im mathematics,
178-177.

New York City, course of study in mathe. -

matica for the public schools, 147; for-
ward movement, promotion of teachers
of mathematics, 149-150; prepaiation of
teachers, 146. .

New York State, education dep&rtment
course ofstudy in arithmetic, 45-55.

Nonpublic schools, typee, 13-14.

Normal' schools, private, mathematics
course, 149; State, matheématice course,
149; training, 43.

Orgamntlon of schools, 69-71; elemen-
tary, internal, 81-83; extamal 78-81.

Parochial schools, mathematics in grades -

7 and 8, 142-144.
Part-time schools, training, 159.
Pedagogical museums, 126.

Private elementary schools, purpose, 84—

8. @
Private schools, influences, 131.
Puychological studies, influence, 128.
Public education, agencies, 7-9.

' Public schools, kinds of industrial work,

.161; mathematics in grades 7 and 8
127-142; types, 8-12. .

Rauonllmﬂon, use of methods of, 106~
107.
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Recitation time, 139. ’

Rural achools, course of study, 71; influ-
ences, 131; Michigan, course of study,
83; organization, 71; status of arithme-
tic, 16.

" School period, six-year elementnry,

guments for, §2-83.
School year, elementary schools, 18. -
Sciences, applied, afd mathematics, 168.

Seerley, H. H., on training of teachers for |

elementary schools 152.
Shop courses, schools supported by pub-
lic funds, list, 158-159.

- Standardized tests, 36, 74.

State board of education, powem and
. functions, 78-79.

State normal schools, mnt.hemstws coume,
149.

Stone, . W., and at&ndudlzing tests,
74, 76.

Study tifne, 139.

Suzzalo, Henty, on methods employed
in teaching’ elementary mat.hemahcs,
93-120.

Syntem of educanon Amenee.n 7-14.

Teachers, preparation for grades 1 to 8,

120-126; preparation for grades 7 and 8,
144-152; New York City, 146, 149-150;
rational preparation for grades 7 and 8,
150-152; recommendations for a teach-
ing course, 43-44; seventh and eighth
grades, 148-152; trade and industrial
schools, 178-181; training and qualifi-
cation, 4244,

i .Y

INDEX. : d 185‘ 

: Teaching, arithmetic, clnncumshc s

modes in methods, 117-120, objective
method, 103-106, use of special n.lgo-
risma, 111-113; mathematics, concrete
méthods, 140-141, departmental, 141,
induction and deduction, 141-142,
methods, 75-78, 97-108 (Suzzalo), 93-
120, rapidity and accuracy, 140.

L Technical schools, day cburses, 156; sup-

ported by public funda list, 158.

Tennestee, elementary échools, course of
study, 81-82. °

Thorndike, E. L., aim of elementary edu-
cation, 15.

Township organization of schools, 80.

Township unit, 81, Massachusetts, 81.

Trade echools, colomd race, list, 159-160;
instruction in mathematics, 155-156;
list, supported by private foundation,
155-156, supported by public funds,
155; teachers of mathematics, 178-181.

Trigonometry, instruction, General Elec-
tric Co., 172-173.

United States Bureau of Education,
work, 78. . '

QUniversity and college departments of
education, training of tmcherammat.he—
matics, 148-149.

University School ’Montgomery, Ala,,
object, 84-85. -

Vocational industrial work 162-168.

Washington Irving High S8chool, New
York City, relation of mathematics to
industrial work, 165,

Y.M.C. A, mdust.nal education, 158.
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