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. Washington, February 9, 1917.
ngﬁ};} courses of study in our elementary and secondary schools
. have been accopted largely,on tradition and without intelligent criti-
* ciam a8 to their adaptation to modern conditions and needs or thei
educational value. Ip some subjects much new material has bean
introduced from time to time, while conservative tendencies -have
prevented the elimination of the old and outgrown, thus resulting in
a congestion of material détrimental to the interests of the subjecta
aud to the proper balance of the entire curriculym. This has heen
especiully true of arithmetic as a school subjoct. There is now,
however, 8 tendancy everywhere to reorganize the ourriculum both of
clementary and of secandary,schools, to the eud that each subject

may have its proper share of time and a|

ntion,

sirable that those engaged in it may have as comp
pussible of the development of - this subject and
Present practice in regard to it,
cation a8 a bulletin of the Buresu of Education the

That this work of

« teadjustment in arithmetic may be done intelligently, it is. very de-

lota knowledge as
of past as well aa

I therofore recommmend for publi-

manuscript trans-

United States.
Respectfully submitted.
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PREFACE. ' ;

/

The arithmetic with which the American schoolboy of the twen-
tieth century wrestles differs in many respects from the “cyphening”
which was truly a stumbling block to many a child in colonial days.
Not only have there been significant changes in the subject matter
of arithmetic, but also in the aim of instruction, in the place of arith-
metic in the plan of education, and in tho methods of teaching the

\ subject. In fact many of the distinguishing characteristica of anth-
metic as a twentieth century school subject are products of the nine-
teenth century. It has been the purpose of this investigation to
trace in some detail the development of arithmetic as a school sub.
ject-and the methods of tcaching it in the United States, and to show
the influence of Warren Colburn in stimulsting and directing this

development. o
It is a pleasure to aclmow!edge indebtedness to those w}{mapwd
“and encouraged this rezearch and to those who have assisted in mak-
ing accessible the sources; in particular, Prof. W. W. Charters, of the
University of Missouri, who first mentioned the problem, and Profs.
8. C. Parker and G. W. MyeTs, of the University of Chieago. for their

dnreotton and helpful criticism. v
/*’ WALTER ScoTT MoxROE.

Emporia, Kans. .
‘ .
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DEVELOPMENT OF ARITHMETIC AS A SCHOOL SUBJECT.

X

P\HTI THE LIPHERJM} BOOK PERIOD: FROM THE BE(:]\'MVG IN
~ THE CULONIES UP TO 1821, -

o Chapter 1.}
THE PLACE OF ARITHMETIC IN COLONIAL EDUCATION.

At the time of the colonization of America in the first half of the
soventeenth oentury, arithmetic was not considered ecssontial to a
boy’s education nunless he wuas to enter commercial life or tertain
trades. The instruction in frithmetic was often given in a soparate
school, called a wi‘iting school, or a reckoning school. When anth-
motic was taught in the grammar schools it was very rudimentary.’

Not only was this true, but among the nobility and the aristocracy of
the educatod, arithmetic was lovked upon as “common,” “‘vile,”

“mochanio,” bocauso it was the a«unnplulunom of (lurlm artisans,
tradesmen, and “others who bore no signs of heraldry. » Conse-
quund), i., was & subject beneath the dignity of & boy undess he was

“less capable of learning and fittest to be put to trades.”

Such was arithmetic and the plsce it vocupied in eduaation in
Europe at the time when the American colonies were sottled, The
rolonists had grown to maturity in Europeantenvironment and had -
beun edusated in European schools, When they came to America,
thoy brought with them traditions and ideals which inflyencod Lhmr
schools and their plan of education.

Dutch New York.—The first sattloments in New York wero made
by the Dutch West India Co., which was charterad in 1621 by the’
States-General of the United Netherlands., To this COMPANY Was
given a monopoly of Dutch trade within certain sreas. The Dutch |
uation had produbed some of the most important commercial centers
of Europe, and a nation which bad attained such commercial promi-
nence could not neglect aritbmetic. When they arrived in America
in the interest of a huge commsrcial entorprise, the Dutch colonisis - -
brought with them this attitude toward arithmetic. Prof. Kil-

_patrick says:

WhtmuhtbemlkdtbeoﬂuﬂDutchpmmloruuuﬂmMmthnpro- _

mulgated by the classis in 1638 in the instruction “lor .choolmutan going to the
East or West Indies.”

'¥. Watscn: The Begtngings of the Tesching of Modern Bubjects in Rugland, pp. 305, 808-310.
. - . 5

.
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He is W instruct the youth in reading, \mnug cypbering, and arithmstic, wiih ol
seal and diligence, he is also to implant the fundamental principles of the .
Christian religion and mlvation, by means of catechizing; he is 10 teach them the

custamary frm of praypes, asd sleo aconstory dwe Lo pay; he de o vy beed w0
their manners and bring them as far as posible to modesty and propriety.!

This official cwrriculum was not uniformlr carried out, according .
.to_Prof. Kilpatrink, who has axamined the availble moonta with
care.! « In Now Amsterdam (now New York) arithmetic was alw avs
included in the curriculum, but in the outlying villages, excopt
Albany, which was & commercial contar, arithmatic does not apj.ear
to have been given a place in the education of the children.  In these
f villages reading, writing, and tho ostechisrs made up the gurricuhun,

and arithmotic was not considored a noecessary part, perhsps not
ovon a desirable part, of oducation. This condition emphnsi2es that
arjthmetic was considered by the early Dutch colonista to ho & prae-
tical subject necessary for those engaged in trade and commerce, hut
not A subject poesessing general educational value.

" New England.—The New Enghnd colonies wore settled h\ the
Puritans, who came to America in order that they migh( secure
religious freedom. So strong was their desire o worship according
to their beliefs snd to perpetuats their church doctrines that they
braved the long ocesn voyage and the hardships of an unknown and

,wild land. Tho sentiment of the first settlemonts was probably
expressod by a member of the Massachusotts company when he said,
g s 1620: “The pmpagauon of the Gospel’is the thing we do profess
abhove all t0Pho our aim in setthing this plantation.*
A lotter wnitten in 1629 describing the colonists of Salem savs;
_They live unblamoable and without reproofe, and domeanc themselves in xiyle
and cuwrtoous towards yo Indians, thereby to draw them to affect our perans aud
comoqueuu)o our Religion, sa alsoo to endeavour to gett some of their children up
to’ reading and consequondye to roligion while they ‘are youge !
c The orders of the General Court of Massachusetts in 1642 and in

1647 amphasizo the perpetuation of their religion as the dominsnt
. aim in education, and although both reading and writing aro men-

tioned in tho order of 1647, no mention is made ¢f srithmetic. A

gimilar law of Connecticut® in 1650 likewise makes no mention of
- arithmetic. ' a

Howaever, school practice can not be doducad with any certainty
from official acts. The town records for many of the early setde-
ments have been'made accessible in thq form of town histories, and

V these furnish much evidence of what was taught in the first schools
he of No'w En nd In the Memorial Hmwry of Boston there are two
.' A Y - — —
.~ : -mmuaeamum:nnwmmmmmwvm,pm "
3 10p. olt., pp. 2-37. -~ *

? Justin Wineor (4.}t Memsorial Histary of Beston, Val. V., p. 185
'; ¢ Jonoph Feit: Annahs of Salem, p. 3.

¢ Rigie W. Clowy; Educutional Lagisistion and: Administration of the Colonial Governments, p. 4.

"',"ﬁ’u’fi'-?x:‘{m-w. b3 ¥ P Do ’M"'-L.;z_’;"' 290 oo 9 oo
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, references to the echool practics. Thr lollowmg i q,uomd from the
5 govnmurs yournal for the year 1643: .

Invers free achools were erected, a2 at Roxbury (for the maintenance whereof
evecy snhabitant bound somse boun ofr land for  yearly aliowance forever) and at
Buetiniy where they made an order 1o allow dore vier 50 pounda to the master and a bouse,
and 30 pounds W aa uaher, who should also teach o read and write and cipbaer, and
Indinns' vhildren to be taught fresly, and the chaige to be by yearly contribution

4 - either by voluntary allowance, or by rate of such as refused, etc.; and this onder was
cunfirmed by the ganenal court (blank). Other towns did the like, providing main-
tenance by severs] meana’ -

- This would lead one to conclude that nnthmenc was taught in the
* “free achool" of Boston. Philemon Pormont was the first Boston
schoolmaster, beginning his labors in 1635, Littlefield expresses the
opinion that, since he was spoken of as ““Brather”” and not given the
utleof “Mr., " “he-was little more than a writing master” and taught
only the alm@ntuv branches.?

Mr. Danial Maud was the second uuoher and from his title ho
probably was a niaster of arts.  According to Littefield it is probable
that both Maud and Pormont taught at the same time, the former
gving instruction in the clasbical studies and the latter in the common

mon branches and was tanght in the first year of thia achool’s exist-
anca. The next reference to the teachers of Lhm school bears the
date of 1650.

"It is also ag~ed on that Mr. Woodmam\, the schoolmaster,
shall have fiftye pound p. ann. for his Teaching ye Schallers, and
his proportion be madé up by ratte.”” In 1666 the town * agreed
withMr. Panngll Hefichman for £ 4 per ann. to assist Mr. Woodmansey
in the ()nmmﬁ"thoole, and teach Children to wright-the year W
begine the 4th of March 65/6." ¢

Arithmetic is not mentioned in -this statement, although it-iay
have been included in the writing. Tho view has been expreased
zl:{et religion crowded the e!ementuy subjects, particularly arithmetic,

t of the school.* 1/ this is true, and the purpose of the semementi
of Bosvon together with the goneral character of the Puritans tends
to confirm it, little or no arithmetic was taught in this ‘! free school ”
of Boston after the first few yeurs ofits existence. But inbddition
to this “free school,” which was known as the Boston Latin 8chool,
there were other fwhtlea for arithmetical instruction. “In 1667
Will Howard and in 1668 Robert Cannon were licensed to keep a
wntmg school. (in Boston) to teach children to write and to keep

'lnmeMmyotha Vol.1,p. 158 ° ¢ Memarial Histary of Baston, IV, 237.
t Early New Engiand 8chy 8 [hid., 260-34L )
0p. k., p. &7, !

———————— e ..
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branches! If this in true, arithmetic was probably one of the com-’
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accounts.” * Also the second public school .established in Boston
was & writing school, in 1684, in which arithmetie and writing weee
" taught. Thus, even though arithmetic was crowded out of the
< free school” 'mBosbon, facilities for giving instruction in mt.hmeuc !
were provxded in these special schools.
! ‘Concerning the schools of Salem we find this reference bearing
date of July 20, 1629: M. Skelton was chosen pastor and Mr Tiggin-
son teacher and they were consecratgd to their respective offices.”?
In this statement there is no mention made of what was taught,
and the earliest reference to arithmetic being taught in the schools
of Salem is the following, which bears the date of 1712:
 As Mr. Emersan had died, acommxﬁeemchoeantopmcumnmuuble(}nmm
schoolmasater to ye instructing of youth in Grammar learning and to fitt them {or ye
Collidge and also to learn them to wme and cypher and to perfect them in reading.?
On September 1, 1712, “Nathaniel Hnggmson commenced the
, school for reading, writing, and cyphering.”* Arithmetic as a
: school subject is mentioned in 1714, 1716, and later. In 1752 this
b+ . item appears: “After the first of May, all boys who go to the Gram—
4 mar school musg study Latin as well as read, write, and cypher.”
From these statements it appears quite certain that nru,hmeuc
occupied s fixed place as a school subject in the Sulem grammar
schoal in 1712 and after. For the period before 1700 the absence of
data makes only speculation possible, but Salem, like Boston, early
= became a center for trade and commerce. Hence it is probable that
: facilities existed for giving instruction in arithmetic before 1712,
 ; Dedham, Mass., waa founded in 1636, though its history really
\ dates from 1644, which is the date of the establishment of the first
[ sehool. The following statement. shows what was taught in this
' school in 1853:
L" : 18of yelmo. Amemb Job. Kingsbery; Fra. Chickering, Lieft. Fisher, Job. Dwight,
Sergt Fisher & Elia Lushes, Pet. Woodward Agreed with Jacob Farrow to keep the
_ Schools to begin 28 of 1 mq. 1863 to 20 L pran. to be payed i town paye being mer-
g chantible at the end of each halfe yeare the one halfe of the said sumes. he under-
‘ : hkestoteachtomdnnghahlndtheAcmdence&townw&theknowlodg&nrto(
Mthmaﬁck&ﬂmmlea&wﬂeew thistoboppoadthewwne‘

Alater contmct for the' year 1656 reads as follows:

90& 11 mo, 1658, . Agmed Michaell Metcalfe for to keep the achool for the year
. inumnge the said Mjchael doe undaxuknwwachthe children that shall be sent to him
| ‘ fomdoEnglmhandtowrite’ i

on

rg L

-ax.umuwpu‘pa; L o
% Jossph B. Felt: Annalso &lom,p.lm.' oo

M Ibid,, p. 440. . -
g aIhid. p. M8
. sCarios Biatter: mmmmmotm Massachusétta, p. 18,
¢ Carios Slatter: Op. ait., p. 1.

L4
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‘Only reading and ' writing are mentmned in this second amtnct
but in view of What appsars' to have been the prevmlmg practice i
Deadham "and ‘because of additional® evidence; it is probable ‘that
arithmetic was taught by Michae!l'Mewdfe In oomthentlng upon
this point, Mr. Slafter says: ' '

It is hardly to be supposed ‘that Mr. Metcalfe taught only reading and wntlng.
but rather he agreed to teach these at least to all the pupils. There is now in
existence the identical arithmetic which he used as a teacher of the echool, This
book, an enlarged edition of Robert Record’s axithmetic, was publuhed in 1630 end
is now in the archives of the Dedham Historical Society.!

In 1663 a contract with John Swinerton specifies that, “The snd
Mr. Swirerton is to teach such male childeringe as are sent to him to
write & read & the use of retmitich as they are capable.”* “In 1667 it
was “.\greed with Mr, Samuel Man, to teach the male Children of

this towne that shall be sent to him in English Writeing, Gra.mma.r, '

and Arithmeticke,”? Michael Metcalfe was engaged again, 1679,
“to teach all male children that shall bé sent to him to Read and
wright and cast accounts.” ¢

At Plymouth a school was established in 1635, *‘in which a. Mr
Morton taught ‘to read, write, and cast accounts.””’® At Ipswu;h 8
school committee was provtded for in 1652 ““who shall also consider
the best way to make provision for teaching to write and’ cast ac-

counts.”’® A contract with a teacher at Charlestown in 1671 Bpecifies
.““that he shall teach to read, write, and cypher.”” The writer of

the History of Hadley makes this comment upon the early schoals
“The master, with rare exoepnons, was a man of oollegiate education,

and he instructed some in Greek and Latin, but most only in readmg :

writing, and arithmetic.” * The first settlement at Newbury was in
1635, and the first school was established in 1639. In 1658 the town
paid a fine under the law of 1647 for providing no grammar school.
At a town meeting in 1875 “it was voted to have & schoolmaster got
to teach to write & read and cypher and teach a grammar schoole.”*

Arithmetic is also specified in contracts dated 1687, 1690, 1691,

1696, 1709-10, 1711-12."* 'The position was held by theé same teacher

from 1698 t6' 1709, and probably the other’ dates represent only the

employing of new teachers In any case wé have a fairly continuous
record for 25 years, during which time arithmetic was specified in the
teacher's -contract, and the presumption is that it was taught a8’
early as 1658, certainly as early as 1875.

1 0p. oit., pp. 15-18.

# Carlos Blafter: Op. cit.,p. 20. e

$ CarlosBlalter: Op.cit.,p. 31. Co
. Onazios Blatter: Op. oit.,p. 36, : o e

s Woroester Soolety of Anuquﬂy,mm Vol. IX, Prm m—mo,v I.

4 Joseph B, Feit: muxmhx,wum,w B - -

! Richard Frothingham, History of Charlestown, p. 177.

1 8ylvester Judd: History of Hadley, p. 66.

$John J. Currier: History of Newbury, p. 398,

WIbid., pp. 306400,
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» On. the othar Yiand, arithmetic. is not mentioned. in the contracts
in & number of towns. . 'For.example, the town of Dorchester voted
in 1639 that, ‘"There shal be a rent of 20" yeerly to be payd. to such
s schoolmaater as shall andertake to teach english latin.and oth
tongues, and also writipg.””! With reference to the fisst teacher,
Mr. Waterhouse, the town records contain this:

Tt is ordered that Mr. Waterhouse shall be dispensed with concerning that ('lauso
oftheorder * * * where hois bound to teach to write it shal be left to his liberty
in that poynt of teathing to write, only to doe what he can conveniently therein.? -

~ Later contracts likewise contain no mention of arithmetic. -

‘In Connecticut, arithmétic is not mentioned in the contracts of a
number of towns with their t.eachem, although reading and wntlng
are and frequently also Latin* However, the New Haven Court in
1690, decreed that,——
two froe achools be mbhshed in the colony, one at Hartford and the other at New

Htven. where the children may come ‘‘after they can first read the Pealter, to teach
such reading, writing, aritametic, the Latin and Greek tonguea DG,

9 Pennsylvania.—William Penn came to America in October, 1682
In March, 163, the general assembly passed numerous bills relative
to the fut,ure welfare of the colony of Pennsylvania. The following
provision concerning education was contained therein:

. And to the end that poor as well as rich may be instructed in good and commendable
le.rmna, which jis to be preferred before wealth, be it &c. that all persons in thys
province and territories thereof, having children, and all the guardians or trustees of
orphans, shall cause such to be instructe:] in reading and writing; eo that they may be
able to reud the Bcriptures; and to write by that time they attain to twelve yeam of
age; and that then they be taught some ussful trade or ekill, that the poor may work to
live, and the rich, if they become poor, may not want.*

. Although arithmetic is not mentioned, it seeras to have heen
- recagnized ag having a legitimate place in the curriculum, for we
.. find that on December 26 of the same year a oouncxl held at Phila-
delphia acted as follows:

K 'Fhe Governor and Provincial Council, having taken into their serious conaideration
B the grest n8oessity there is.of s schoolmaster for-the instruction and mber-education
A

£

z

EQS AL ot ekl e U i)

of youth in the town of Philadelphis, sent for Enoch Flower, oh inhabitant of the
said town, who for twenty years past hath been exercised in that care agd employment.
. in'Bngland, to whom having communicated their minds, he ethbraced it upon these fol-
. lowing tevms: 10 Jearn to redd Engliak, 45. by the quarter, to learn to read and write,
1 6e: by the quarter, to learn to read, Write and cast accouat, 8. by the quarter; for
. boarding s scholar, that is to say, diet, wnshing, 'lodging snd schooung,m: pounds for
(" . one whole-year.t

" 1 William Dana Oroutt: Good 014 Dorchester, p. 790.
1Ibid.,p. W3.
SEdward B, Atwater: History oﬂh Colony of Nn Hlm n m.m wnucam Fowler,

41 Samsuel Oroutt and Amw lmyuﬁcou 'RmuMy,mm-t,p 108.
s Elsle W. Clews: Op. oit., p. 381. %0 b £R0 B oo an o
E 'IH.WMOpdt.,pp 201-282. .
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- Delawars and New Jereey.—The remaining. oolonieq, exhibit. no
stiking edueational obmracteristios. Delaware and New Jersey show
something of the characteristics of both New York and Penns’y]van"iisf
New Jerdey was originally ineluded in. New York; and later West
Jersey was a part of Pennsylvania. Delawars was first settled by the
Dutch-and SBwedes, but Iater came under she control of Pennsylvania.

In Delaware the design of the ‘Friends’ Publio School,”’ now kmown
as the ‘' William Penn Charter School,” is set forth in tite preamble

to the ocharter as follows: *

Whereas the proeperity ard welfare of any people depend, in great measurs, upon
the good education of youth and their early introduction in the principles of true
religion and virtue, and qualifying them to serve their country and themeelves by
educating them in reading, writing,.and lesrning of languages, and useful arts and
sciencen suitable to their sex, age and degree, which can not be effected in any manner
0 well a8 by erecting public schools for the purposes aforemaid, etc.!

The spirit of thistand the content of the education outlined is sl-
most identical with the provisions made for education in Penngy]-

vania. The mention of ‘‘useful arts and sciences suitable to their.

sex "’ probably means arithmetic for boys.

Southern colonies.—To ihe seuth of Pennsylvania, the population
was soattered on great plantations and not collected in villages and
cities. The education of the masses was, almost wholly neglected.
The rich employed private tutors. Somatimes instruction was given
by the minister or by an indentured servant who posscssed education,
The aim of this education was usually to prepare for college and did
not inolude instruction in arithmetie.? :

When the legislatures of the southern colonies registered their
attitude 6n education, arithmetic was usually included in the school
curriculum.  For example, in 1710 the Legislature of South Carolina
passed ‘‘An act for the Founding and Erecting of & Free School for
the Use of the Inhabitants of South Carolina.” It says in part: .

XI. And be it further anacted by the suthority aforesaid, that the person to be
master of the aaid. school, shall be of the religion of the Church of England, and con-

form to the same, and shall pg.pnfsble,to teach the Fearned languages, that is to my,
the Latin aid Greek tonigues: and also the uséful parts of the mathematics.

XV. And Becwuse it is nevessary that a it person teach the youth of this province to

 write, and abw the priscipied of vlger arithmetic and merdhante sccourits, Be it

therefore enacted by the authority aforesaid, that s fitting person shall be nominated

and sppointed by. the said commisioners, (o, teach writing, arithmetic, and mer

chants’ accounts.? : ' .
Two years later there is record of an appointment in which—

John Nouglas be and is hereby declared to be Mustgr of s Grammar School in
Gharleaton, for the Gresk-and latin languages, and sball. choowe one usher

i © iymad i Piwett: the' Histhér of Kdubetkoki 16 Ditawars, p. 2. ¢
+ AR P. Gravet:. A History of Kdwostion in Modsra Tisss, p. &, Co
" * Rlsis W. Clown: Op. tit., pp. 4428, .
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to the miid achool, who Is empowsred and required to hasist the master aforesid in
teaching the langusges, reading, English, writing, arithmetic or mich other parts of the'
mathematics as he is capable to tesch.! . . L : .

Swnmary.~~This ‘survey. ‘of the early schools' of .the American
ocolonies shows that, whether arithmetic was explicitly mentioned
alofig with reading and writing in the official aots of the colonisl
governments, 8s in New York, or was omitted, as in the case of
Msssachusetts and Pennsylvania, arithmetic was taught in the publio
school in many towns, probubly from the beginning. The activities
of trade and commerce, which were centered in these towns, created
& demand for arithmetio, and instruction was given in the subject
cither in the public schools or in private institutions. In these schools
arithmetic was primarily a tool of commerce. i

In Massachusetts the law of 1647 specifiéd two types of public
schools. For towns of 50 householders or more it was ordero(ﬁ that
they ‘‘appoint one within their town to teach all such children as
shall report to him to write and read.” For towns of 100 or nore
families it was ordered that they establish a grammar school, a sohool
of secondary rank, ‘‘the master thereof being able to instruct youthso
far as they may be fitted for tho university.” Since arithmetic was
not, required for oollege entrance before the middle of the eighteenth
century, it was not officially given a place in either type of: school.
But it was frequently mentioned in teachers’ contracts coordinately
with reading and writing. Occasionally arithmetic was taught by
the master of the grammar school; or an assistant, called an usher,
was appointed whose duties’included the giving of instruction in
writing and arithmetio. In general, when arithmetio was taught in
the publio schools it was in the elementary rather than the grammar
school. -

In addition to these types of public schools, there were two types
of private schools. One of these was for very young pupils and was
known as & dame school. In the dame school the simplest rudi-
ments of arithmetic, such as the addition and multiplication tables,
were sometimes taught. The other type of private school, frequently
called a writing school, was for the distinot purpose of giving instrdc-
tion in writing and arithmetio. .In case arithmetio was not taught
in the grammar school in which a pupil was enrolled, he often at-
tended a writing school half of the day or of evenings. By estab-
lishing public writing schools Boston created & ¢‘double-headed”
school system which persisted well into the nineteenth century. But
this practioe was not genersl. c ot

~ Arithmetio as' a science..of numbers was taught in some of the
colleges, particularly toward the close of this.period. - After 1750 it "
had a place in the course of study of many of the academies. '

1 Elste W. Clews: Op. dit., p. 457.
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The growth of arithmetic as @ school subject.—In 1789 the teaching of
rending, writing, and arithmetic was made obligatory in both Massa-
chusetts and New Hampshire. It is not unressonable to suppose
thut these laws simply ropresont the legalizing of a practice which was
already prevalent. Whether this is the case or not, the enactment:
of theso laws shows that arithmetic was then considered necessary to
an clementary education and was given ja plase coordinate with
reading and writing. The following rec of attendance in the
Boston schools indicate the increasing popularity of the writing
‘school, the special school for giving instruction in arithmetic and

writing: .
%9, 1388,
N North Writing Sehool .. .0 oo oo 280 220
North Gmmmar 8chool ..o 0 0 . ] 36
South Grammar School ... ... .o 1200+ 115
South Writing School . . ... . ... . ... o 0 6 240
Writing Schoolin Queen Street ... ... L 732

In 1745 Yale required arithmetic for entrance. In 1760 Princeton
required the candidates *“to understand the principal rules of vulgar
arithmetic.”  In 1807 Harvard required— g
Candidatea for admision into Harvard College shall he examined by the President,
Profewsorsand Tutore.  No one shall be admitted, nnless he be thoroughly.acquuinted
with the (irammar of the Greek snd Latin languages, in the various parts thareof,
including Prosody, ¢ * * cay properly construe and parse Greek and latin
authors, * * * be well instructed in the following rules of arithmetic, namely,
Notation, simple and compound Addition, Subtraction, Multiplication, and Divigion,
together with Reduction and the single Rule of Three, * * » have well studied
a Compendium of Geography, ¢ * * can translate Epglish into Latin correctly,
* * * and have a good moral character, certified in writiog by the Preceptor of the
Candidate, or some ogher suitable person.?

By 1814, the reference to arithmetic was changed to *‘and be well
instructed in Arithmetic through the Single Rule of Three,” and in
and after the year 1816, *‘the wholo of Arithmetic.”

This recognition of arithinetic in the college entrance requirements
Decessitated the teaching of arithmetic in the grammar schools.

The establishiment of a new type of school, the academy, which
included arithmetic in its carriculum from the first, and the sub-
sequent rapid rise of the acadkmy evidences the growing Apprecia:
tion of arithmetic and other forms of elementary mathematies. In
the first academy, established at Philadelphia as the result of the
labors of Benjamin Franklin, there were three departments or schools,
the Latin, the English, and tl.e, mathematical. .

The production of arithmetic texts by American authors and the
Dumerous editions of texts by English authors which were published
in this country in the latter part of this period .also indicate the R

1 D. C. Colesworthy: John Tileston’s Bchool, p, 15,
'E. E. Brown: The Making of Our Middle 8chools, p. 249,

e, 81758°—17-—2 Q )
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. 9 0 ) .
increasing interest in the subject. American arithmetics may be
said to date from 1788, the year in which Nicolas Pike published .4
New and Complete System of Arithmetic composed for the use of the
citizens of the United States. The publishing of Pike’s book aeems to
have been the signal for the appearance of texts by American authors,
By 1800, at least 20" arithmetics' by .\merican authors had heen
published, besides several of not purely arithmetical nature, such as,
Instructor, 1794; The Traders Best Companion, 1795; and an American
adeptation of John Gough's Treatise of Arithmetic, 1788, .

In the 21 years which elapsed between 1800 and the close of this
period, arithmetics by American authors appeared with increasing
frequency. The Scholar's Arithmetic,-by Daniel Adams (first pub-
lished in 1801) had passed through nine editions by 1815, Dabuoll's
Schoolmaster's Assmstant (fimt published in 1799) was even more
Xopular. Other American texts had an ‘extended circulation.

umerous editions of Dilworth's  Schoolmaster's Assmistant (first
publmhed in Englund in 1743) were reprinted in this:country. A
revision of this popular text, by Daniel Hawley, was published in 1303,

In his American Journal of Education, Henry Barnard pives
reminiseences by a number of persons who attended school in the
lnst quarter of the eighteenth century.? One writing from rural
Connecticut says that ““arithmetic was hardly taught in day school
but adds that it was teught in evening schools. Only two say
that arithmetic was not taught but they were propared for col-

logo, in academies about 1780 presumably nover attended an

elemontary school. Ten who attended school in miral distnets,
including the States of Massachusetts, Connecticut, Pennsylvania,
New Joersey, and North Carolina, say that arithmetic was taught.
Most of thom mention it coordinately with reading and wTiting. Three
make no mention of arithmetic, and four studied arithmotic in citios.

The appoarance of arithmetic in the polloge entrance requiremonts,
the activity of American euthors in writing texts, and the diroct tes-

1 This number includes arithmetics by the following authors: lsaac Creenwood (1729), Henjapin
Dearhoen (17683), Alaxander MoDonald (1785), Nicolas Pike (1788), Thomas Barjeant (1788), Considar and
John Bterry (1790), John Y inall (1762), Bsnjamin Workman (1793), Joseph Chaplin (1795), Daniel Fenning
(1796), Erastus Root (1796), James Noyes (1797), Chauncey Lee (1797), William Miins (1797) David Kendall
(1797), Peter Tharp (1798), Zachariah Jess (1708), Esekie! Litthe (lm\ Nathan Dabol) (179), David Ceok
(1800). In his Amerian Bibilography, Evans wumdlu s text to Jonathan Burnham tn 1748. 1t has
not been passible to verify this.

$ The names, the States in whlchmysltmdadnchool and the'years attended are given In the Analy tica!
Index to Barnard’s American Journal of Education as follows (the figures lolloﬂnqua dates refer 10 the
volume and page on which the reminiscance is given): Allen, Mrs. L. L. l(uuchuum 17961808, 30:581;
Puckingham, J. T., Connscticut, 1783, 13:32% Bushnall, Rev. H., C , 1300, 137¢2; Caldwell €,

North Curolins, 1790, 16:109; Channing, Rev. W. E., Rhode Island, 1700, nun Darlington, W, Pemu)l-
vanis, 1796, 13:41; Davis, John, Virginie, 1800, 18748; Day, Rev. J., Connecticut, 1780, 16:128; Everett,
B:,Wm 100, 134% Goodrioh, 5. ., Corinmsctieut, 1300, BaM; Halt, Wr, “assachusetts, 178,
16:127; Hedges, N,, New Jorsoy, 1000, 16:738; Humphny Rev. '8 Contnecticut, 1790, 13:138; Nott, Rev. E,,
Connectiout, 1780, 14:133; Oliver, H. K., Massachusetts, 1806, mm Qulnoy, I, lhmohuum ma
13:740; Beton, 8. W., New York, 1793, l1.&5 Town, 8., Massachusetts, 1785, 13737 Webster, D., New
Hampshire, 1790, 1:283; Webster, M., Connecticut, 1770, 26:197, 13:123.

!
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m  timony of those persons show that, by 1800, arithmetic was generally
+taught in the schoole, aven in the country districts.

The increasing rocognition of arithmetic as an essentia) school
subjoct is hut one elemont of & larger change which culminaged in the
ninatoenth century in the complete secularization of public schools
in this country. Tho’control of education passed from the church to.
the state, and instead of oducation primarily for toaching the cate-
chism and church doctrines the purpose of education camo to bo &
preparation of childron for the secular activities of life. In the period
from the close of the Revolution to 1821 arithmotic grew rapidly in’
importance as a school subjoct, and in later chapters it will be shown
that it was given a place of prime importam‘g in the secularized con-
copt of oducation, .

The aim of instruction in arudmetic.—The aim of arithmetical in-
striction in this period was not well defined. In a goneral way the
practical needs of trade and commerce were to be satisfiod, and this
was the principal aim.  The authors of the toxts used clearly thought
of arithmotic primarily.as a commorcial subjoct. James Hodder says
in the prefaco to his arithmetic, or, That Necessary Art Made Easy
(first published 1661 and widely used in the colonios): “And now for
the bettar compleating of youth, as to clericthip and trades, I am
induc’d to publish this small treatise of Arithmetic." The title of
Greonwood's book, Arithmetick Vulgar and Decimal: with the Apph-
cation theregf, to a variety of (ases in Trade, and Commerce, indicates
& similar recognition of tho practical aim. Daboll says in the preface
io Daboll's Schoolmaster's Assistant (first published 1799): *“The
design of this work is to furnish the schools of the United States with &
mothodical and comprohensive systom of Practical Arithmetic.” A
cipltking book proparod in_Boston, in 1809, has the following title:
Practical Arithmetic composing all the Rules necessary for transact-
g Business.

Tho immadiate ond sought, which also represonts the standard of
instruction, was a knowlodge of tho rules and their dpplication, We
shall show in another place that the pupil was expected to learn the

. rule and then to apply it to a vory fow oxamplos or problems. No
. opportunity was given for drill upon the application of the rule, aven
in the case of the fundamental operations.  Skill and facility wore
not expacted nor atterapted.

Dilworth’s Schoolmaster’s Assistant contains oniy 9 examples for
dril on addition, & like number on subtraction, and a somewhat
greater number on multiplication and ‘division. Pike's arithmetic,
which is an elaborate text of 512 pages,' contains only 9 examplés for
drill on"addition and 9 in subtraction. Subtraction is disposed of

! Only 408 pages are devoted to arithmetic. See Appendix for tabls of contonts.
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-within a single page. Adams's Scholar's Arithmetic contains 16 exnm-
plos for drill on addition and 9 on subtraction.

Reminiscopces and records of tho schools of this period indicate
that the pupil actually solved even a less number of drill examples
than were given in the texts. The compilor of this report has i hus
possession a copy of Adams's Scholar's Arithmettc in which blank
places are loft for the solution of the problems. -Ouly 5 of the 10
problems in addition are solved and enly 2 of the 9 in subtracton
The examination of other texts and of ciphering books written in ths
period reveals about the same amount of drill work.

William B. Fowle relates the following which is probubly typical

No boy had a printed arithmetic, but every other duy a sum or two wan set in each
manuacript, to be ciphered on the slate, shown up, and if Mght, copted into the mann.
weript. Two sums were all that were allowed in subtraction, and this number was
probably as many as the good man could set for eack boy  This ciphering wecupaed
two hours, or rather consumad twy, and the other hopr war emploved 1n writine wne
page in 8 copy book. Once, when 1 had done my two sums iu subtmcetion, and st
them in my book, and been idle st hour, | ventunsd to go to the master's desk and ank
him W be s good as to set me another sum.  Hiramazementat iy sudacity wid »yual
to that of the almshouse steward when the half-starved Oliver Twist > asked for mioee ™
Heo looked at me, twitched my mantseript toward hivm, and maid, putturalls Eh,
yougnarly wretch, you ure pover satisficd ' I Had nevoer made such a request before,
nor did 1 ever make another afterwanis.? -

Furthermore, there was very little attomot made to dovelop-ahilits
to apply the rules except to problems exphicitly falling under given
rules. If & problem appeared which could not be readily elnssified
as coming under some known rule, both pupil and teachar wor
ususlly at a loss to knmow how to procaed.  Qccasionally there was a
pupil who developed some real ability to reason out problems and to
control unfamiliar arithmotical situations, Howover, this was the
excoption and happenea not in response to a conscivits attompt on
the part of the teachars, but rather in spite of the system.

e

' The Teacher's Institute, or Familinr Hints to Young Teachery, p 61
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Chapter I1.
THE SUBJECT MATTER OF ARITHMETIC BEFORE 1821.

With few éxceptions the texts in use in the United Stafes before
tson - were of English authorship.  Copies of these toxts were
imported, and editions of the popular oned were printed in this conn-
try. 'The “*fisst purely arithmetical work published in.the United
States” was an edition of Hodder's arithmetic, printed in Boston in
1719 by J. Franklin®'  Editions of the texts by Cocker, Wingate,
Bonnyeastle, Gough, and Dilworth were printed in this country.
in settlements other than English, notably New York and Penn-
s¥lvania, arithmetics written by their countrymen were used.

The Schoolmuster’s Assistant, by Thomas Dilworth, orjginally
publizhed in 1743, was used very extensively in this country, almost
exclusively prior to 1200.  Numerons cditions were printed in this
country, and after the adoption of a Federal money it was rovised
0 meet the commercial needs. A Tevised edition was published by
Daniol Ttawley in 1802 with the title of Federal Calewlator. This
revision had passed through five editions by 1317, Revised aditions
of this revision, hy William Stoddard, were published in 1817 and
m 1832, ' . ‘

On page 14 there is printed a list of the American authors of anth- »
metics published by 1800, Few of these texts were used exton-
sively.  Tho finst arithmetic by an American suthor,. Arithmetick,
Vulgar and Decimal: with the applications thereof, to a Variety of
(oses in Trade and Commerce, by lsanc Greenwood, 1729, found no
plice in the schoals and was soon forgotthn. In faet all of the texts
prior to the one by Nicolas Pike in 1788 were so0 little known that his
text was considered by some to be the first by an American author,

Pike seems to have held this opinion himself. Although not the first -
text, this book, which was entitled A New and Complete System of
Arithmetic, marked the beginning of arithmetic adapted to the needs

of the United States. It comprised 512 pages, of which the first 408

are devoted to arithmetic and closely related topics and problems.
There follow 4 pages of “‘plain” goometry, 11 pages of ‘‘plain”
tngonometry, 45 pages of mensuration of superficies and solids, 33
pages of ‘‘an introduction to algebra, designed for the use of ‘acade
mies,” and 10 pages of an introduction to conic sections.? :

———
il

==
! Evans’s American Bibllograpny, V. 1, %o
#The complete table of contents is glven in the Appendix, p. 152.
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* Pike's arithmetic is an elaborate treatise and not a text for the use
of young pupils. It represents the maximal content of arithmetio in
this period. The book sold for $2.50, which placed it out of the reach
of many pupils. . It was used primarily in academies and colleges
and yet it had a considerable circulation. A second edition was
printed in 1797, a third in 1808, a fourth in 1822, and a fifth in 1832,
An abridged edition was published in 1793, and a second one, pre-
pared by Dudley Leavitt, appearsd in 1826. '

Following 1788, taxts by American suthors appeared with incress-
ing frequency. The American Tutor's Assistant, by Zaclriah Jess,
1798; The Schoolmaster's Assistant, by Nathan Daboll, 1799; A New
System of Mercantile Arithmetic, by Michael Walsh, 1800; Scholar's
Arithmefic, by Deaniel Adams, 1801; and Scholar's Arithmetic, hy
Jacob Willetts, 1817, were widely used.

Of these texts, Daboll's Schoolmaster's Assistantsoems to have been
most popular. An edition “improved and enlarged,’ was pub-
lished as late as 1839. Adams's Scholar's Arithmetic had passed
through 9 edjt,io%,nand 40,000 copies had been sold when it was
revised in 1816. edition was published in 1822. Jacov Willetts's
Scholar's Arithmetic passed ¢‘through more than 50 editions in a few
years.” A revised edition was published in 1849.° A third revised
edition of 20,000 copies of Walsh's Mercantile Arithmetic was printad
in 1807. An‘edition was published as late as 1826. "Iy

The content of the texts.—Since Dilworth's Schiolmaster's Assistant
was the first text in arithmetic to attsin-an extended ciroulation in
this country, it will be used as a basis for an exposition of the con-
tant of the texts of this period. Reference will be made to festures
of other popular texts which were significant.

The theory of arithmetic.—Theoretioal arithmetic was recognized -
in the definitions of arithmetic which were given in these early texis.
The space given to arithmetical theory varied. Dilworth's text is
primarily s practical arithmetic and he gives very little in the way of
demonstrating ‘‘thc reason of practical operations,” and he has
nothing to say about ‘‘the nature and quality of numbers.” Pike -
attempts to treat comprehensively both theoretical and practical
arithmetic. The spirit of the mathematician who is interested in the
theory of numbers and operations pervades the whole book. In
footnotes he demonstrates the operations. Under the head of “‘ Vul-
gar Fractions” he defines prime number, composite number, and per-
fect number, and gives 10 perfect numbers which he states are ‘al]
i which are, at present known.” The other texts of the period show
3 h Jess emphasis upon arithmetical theqry. Often considerable
Y space was given to & ‘‘demonstration” of the rules, but these demon-

strations were ususlly explanations of the application of a rule to &
. partisular problem or example. '
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Defimtions. —Thp definitions of number, frastion, addition, oto.,
were usually given in an abstract form, with no reference to the-con-
crete situations which required the arithmetical concept or operation.
For example, addition was defined ss *‘putting together two or more
numbers or suma, to make them one total, or whole sum.” In the
case of business rules, an attempt was made to indicate the sort of
situstion which called for the partioular rule But the practical
situation itself was not described except in the problemns. There
was usually no attempt to build up a logical system of definitions.

Notation and numeration.—Dilworth made this topic, which he
styles, *“Notation, " the first in the text alter some preliminary defi-
mitions.  Numeration corisisted of rules for resding numbors, and
they are given for reading numbers up to 9 digits. Pike's rule
extends to sextillion, 42 digits, and in & note to duodecillion, 78 digits.
The periods are of 6 digits each. Daboll also used 6 digits to a

period, snd ho gives four such periods. ‘* Notation of numbers by

Latin lesters” is mentioued, but not given by Dilworth. Wingate

-gives Roman numerals and prefars I111 to IV, VIIII to 1X, etc., and
X is given with VIII for eight. Pike gives Ruman notation, but
Daboll and many other authors omit it. .

The fuudamental operation for integers.—These operations were
given in the serial order, addition, subtraction, multiplication, and
division.  Sometimes this order was interrupted to give the tablos
of denominate numbers after addjtion. This is the case in Dil-
worth's text. In addition he gives the rule for placing the numbers
to be added and recommends proving by adding in reverse order. He
‘does not mention “carrying” and solvés out no examples. Nine
sbstract eXaumples are followed by 15 pages of *‘ compound” addi-
tion.  The rule for subtraction is given, but otherwise the prosenta-
tion i3 similar to thet of addition. In multiplication, the tables are
given from 3 to 12 inclusive, except the tens. The process of multi-
plication is given in five cases: First, when the multiplier s 12 or
less; second, when the multiplier “consists of more iigures than
one”; third, when the factors “have cyphers at the ends ", fourth,
when the multiplier haa cyphers “ between the significant figures "’ ;
fifth, when the multiplier may be resolved into two factors, . each
being less than 10. Short division is disposed of with no rule and
only 12 examples. Long division ig.taken up in three cases, with a
rule for each: Firat, any divisor; second, when there are cvphers at
the end of the divisor; third,-when the divisor “is such a numbap”’
that it is the product of ““ any two figures.” Inno caseis an example
worked out as s model or the rule explained, Besides each operation
. being applied-to *“ compound numbers,  there is also s list of prac-
. tical problems for each rule. .

%
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In other texts the fundamental operations are presented in a more
gimplified form. Cocker, in general, explains a process before he
applies it to a particular example. Hodder carefully explains an
example, even in addition, before he states the rule.  Pike and Dabul!
give addition and subtraction tables.  Most authors giye the table
of Pythagoras.!' Pike ‘‘demonstrates’ the rule for multiplication
and division. Cocker and Hodder attempt to add to the understand-
ing of multiplication and division by telling of the situations which
require the operationis. Hodder Bpeaks of multiplication as bemng
équal to many additions. Daboll says * divigion is a concise way of
performing several subtractions.” The forms of the operations are
eesentially the same as our present forms with one or two exceptions
in the older Euglish texts,

In addition to the five canes of multiplication given by Dyworth,
Pike recognizes the seven following cases: First, to multiply by 10,
100, 1,000, ete.; Becond, ' to multiply by 99, 809, ete., in one line”
third, * to multiply by 13, 14, 1§, ete, to 19, inclusively, at one mul-
tiplication’'; fourth, “ to multiply by 111,112, 113, to 119, %0 as to
have the product iz one line;" fifth, *to multiply by 101, 102, 103,
ete., to 109, so as to have the product in one hine;”" wixth, *to mul-
tiply by 21, 31, 41, ete, to 91, in one line;” seventh, “* to yultuply by
32, 23, 24, ete., 10 29, 8o as to have the product mone hine.” In addi
tion to thesa 12 cases a géneral rule is given for multiplying = anv
number, viz, whole or decimal, by any number, giving only the
product.” Detailed specific rules are given for each case: for some

"cases two such rules are given. But there is & marked tendency in

the texts after Pike’s in the direction of fewer cases.  Daboll recop-
nizes only five cases and Adams gives besides the general rule only a
saction to “contractions and varieties in maltiplication.”

A knowledge of the addition and subtraction facts seems to have
been taken for granted. Some of the texts do not give an addition
or subtraction tahle. The multiplication and division tables are
usually given and were to be memorized.  Adams says under multi-
plication, '* Before any progress can be made in this rule, the follow-
ing table must be committed perfectly to memory.” There are no
exareises to be solved orally, and there is no provision for dnll upon
the number facts contained in the tables. -

Common, or vulgar fractions.—Dilworth devotes Part IT of hus text
to vulgar fractions (see Appendix). Following the definition of a
fraction as “any two numbers placed thus, §,” and the definition
of terms and the ‘‘sorta of vulgar fractions,” reduction of fractic
is given in 12 cases. They are: (1) Reduction to common denomi-
nator; (2) reduction to lowest terms; (8)'and (4) reduction of *mixt "’
number, to improper fraction and reversé; (5) reduction of com-
pound fraction to a single fraction; (8) to reduce a fraction of one

kS

< { A form of the muitiplieation table.
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" denomination to a fraction of another, but greater; (7} to reduce «
fraction of one denomination to a fraction of another hut Teas; (8) to
“reduce vulgar fracticns from one denomination to another of the
same value. having<the numerator of the required fraction gven';
(9) the same exeept. the denominator of the required fraction is given
(10Y to reduce *a mixed fraction to a single one™: (11 (o " find the
proper quantity of a fraction in the known parts of an integer ™ (12
“to reduce any given quantity to the fraction of any greater denomi-
nation of the same kind. " The operations of addition, subtraction,
nultiplication, and division for fractions are then disposed of within
three scant pages. Two pages devoted to the single rule of three
direct, gingle rule of three inverse, and double rule of three for vulgar
fractions complete Part 11, For each of the f«mwpvratinns a specific
rule is given, ¢. .. the rule for multipReation s, “Multiply all the
given numerators for a new numerator, and all the denominatons
for a new denenunator.” ) 0

Forreducing  fraction to its lowest terms, Dilworth gives only the
Euclidean process. In general the other authors give tha rule,
“Divide the terns of the given fraction hy any number which will
divide them withonut remainder. and the quotients, arain, i the same
manner: and so on tll it appears that there is no number greater
than 1 which will divide theni.” Pike and Dabol give hoth mathods.
Dilworth's rule for reducing fractions to a common denominator s
“ 1. Multiply each numerator into all the denominators but its own
for & new numerator. 2. Multiply all the denominators for a new
denominator,” The lesst common denominator is not. mentioned,
slthongh it would be very useful in the examples he gives.  Pike and
Daboll give in addition the method for reducing to a least common
denominator. )

Dilworth does not solve an example or illgstente a rule. Cocker
and Hodd6r and the later authoms. in general, solve out one example
under & rule und usually carefullv expluin the operation. Wingate
suggzests cancellation as a short method in nultiplication of fractions.,
Daboll also does this.  Pil @ givex three cases under muliplication,

The contrast in the position and fpace given to common fractions
is interesting. Hodder and Pike place them immediately following
denomirate numbers and recuction: Daboll gives three cases of
reduction of fractions immediately following denominate numbers,
but the real treatment of the topic comes nearly 100 pages later in
the text. Adams finishes with fractions with a scant page devoted
to explaining the meaning of o vulgar fraction and closes by saving:
“The arithmetic of vulgar fractions is tedious and even intricate to
beginners. We shall not therefore enter into any further considera-

tion of them here.” :
Dilworth and Daboll ntake no attempt to explain the meaning of a
fraction. They just tell what the symbol is and how it is to be

i
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operated upon. Adams gives two illustrations to explain the mean-
ing of & fraction. The examples are abstract, the nearest approach
to & practical problem being in such as: “Add { of a yard, § of a foot, -
and § of & mile together.” Factoring, highest common divisor, and
least common multiple are not mentioned by Dilworth. Pike gives
them as the first topics under the head of fradtions. .

Vulgar fractions were even omitted in a few texts. Chauncey Les in
The American Accountant, 1797, explains his reason for omitting them
as follows:

As the use-of vulgar fractions may be advantageously superseded by that of deci-

mals, they are viewed as an unnecessary branch of common school education and
therefore omitted in this compendium.
“« Decimal fractions.—Part I1I of Dilworth's Schoolmaster's Assistant,
which -bears the title, “Of Decimal Fractions,” includes much
subject matter which is not commonly included under this head.
Besides notation, reduction, addition, subtraction, multiplication,
and division for decimals, the section contains evolution, the rule of
three, interest, discount, equation of payments, and # number of
other applications of percentage. (See Appendix.) The four opera-
tions are presented very briefly and entirely abstractly. Reduection
includes such examples as, ““ Reduce 76 yards to a decimal of a mile,”
and the reversg gxercise.

The place oc(ﬁlpied by decimal fractions in this text is significant
of the asteem in which they were held. As vompared ‘with common
fractions, the rule of three, interest, partnership, and other topics,
decimal fractions were new. The elementary arithmetical processes,
with the exception of decimal fractions and logarithms, were matured
by the close of the sixteenth centiry. Simon Stevin gave the first
systematic treatment of decimal fractions in 1585, end their applics-
tion to practical arithmetic was a contribution of the seventeenth
century. Coming thus after methdds for the calculations of busi-
ness had been worked ‘out, which were moderately satisfactory,
decimal fractions and the methods of calculation which they make
possible were incorporated in the texts only very slowly. Hodder,
1661, does not mention them in his table of contents, but approaches
them in & chapter on profit and lors. Dilworth, a3 we have seen,
treats all of the more common problems of husiness before he mentions
decimal fractions. This shows that a need for them was not keenly -
felt. .
The establishment of a Federal money, 1786, increased the useful- -
ness of decimal fractions and marked the beginning of their incressed
importance as a topic of arithmetic in the United States. Pike, who
gives & brief account of Federal money immediately after decimal
fractions, places them early in his text. Daboll places Federal
money immediately after addition of integers, but the position and

;. 7 treatment of decimal fractions is essentially the same as in Pike's
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text: Adams follows the order of Pike, but gives a less elaborate
treatment.

" Denominate numbers.—Weights and measures were not standard-
ized, and we find a lack of uniformity in the tables of denominate
numbers. Dilworth gives the tables of English money, Troy weight,
avoirdupois weight, apothecaries’ weight, time, and motion (circular
mensure), in essentially the form we know them to-day. Other
avstrms of measures are given in & form which is only partially like
that in our arithmetics to-day, and there are some which have
disappeared from our texts. Because of their value in showing a
phase of the development of arithmetic, we give the last two classes

of tables below:
LoNG MEAsURE,

3 Barley (‘om‘s, orB.C. omake........ ... ... ... ... 1 Inch, In.
dInches .. ... ... . .. .........1Hand, hd.
21Inches o0 o 1 Foot, ft.
3Feet o 1 Yard, yd.
6Feet 1 Fathom, Fa.
SYardsandahalf. ... . ... L 1 Rod, Pole, or Perch, Po.
WPoloa o 1 Furlong, Fu.
8Furlonge. ............ . .. F 1 Mile, Mi.
IMilea . oL e I League, L.
SO Milen . 1 Degree, Deg.
CroTH MEeAsURE.
2 Inchea, orin., and a quarter make.... ... .. ... .. ... 1 Nail, N. .
4 Nuils. 1 Qr. of a Yard, qr.
1Quarter .. 1 Yard, yd.
3Quartersofayard. . ... .. .. P 1 Flemish EIl,F. F.
SQuartersof ayard. .. ... 1 English Ell, E.
LaxD MeaaURe
$8quare Feet, or Ft............... .. . . . .. ... . .. ... t Yard, Y
3 Yardeand a Quarter. ... 0 1 Pole, Po
40 Puicein length afd Vinbreadth . .o o 1 Rood, R.
dRooda . Lo, 1 Acre, A.

Liqrin MEastURE  WINE MRASURE.

2Pints, orpts., make......... ... . ... ... .. 1 Quart, qt.
dQuarte .o 1 Gallon, gal.

0Gallona........o... ... .. 1 Anchor of Bnmd;/ or Rum, An.
BGallons........... . .. ... .. 1 Runlet, R.
SWGallons........... ... ... I Barrel, Bar.
2Gallons....................................... 1 Tierce, Tier. -+
8 Gullons. ... >... 1 Hogshead, hhd.
84 Gallons. ... . ... O 1 Puncheon, Pu.
2Hogsheads................ . ... ... ... ... 1 Pipe or Butt, P.
2Pipssor4 Hogsheads..................... .. ... 1 Tun, T.
WINCHESTER MEASURE.
2Pints, orpts., make.......................... ... . ... 1 Quart, qt.
AQuarta. ... 1 Gallon, gal.
BGallons....................... .. 1.Firkin of Ale, Fir.
9Galloms............ ... ... . . 1 Firkin of Beer, Fir.
Firkins_ .. ... ... ... L. E 1 Kilderkin, Kil.
ARk Lo 1 Barrel, Bar.
,l-:"‘l Barrel and abalf, or 54 Gall................. . .. .. . .. 1 Hogshead of Beer, hhd.
i
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Dry Measure. \ .

2Pints, orpta., make........ ... ... .. 1 Quart, qt.

2Quarts. .. c..... e 1 Potde, Pot.

2Pottles. .. ... . 1 Gallon. .

2Qallons............. 0. . 1 Peck.

4Peckn...........o.. ... 1 Bushel, Bush.

8 Bushels................ H R 1 Quarter of Corn,

A supplementnry table to avoirdupois weight is also of interest:

3

In addition, in the section on exchange, the tables for the money
of a number of foreign countries and even cities are given: Spain,
Italy, Venice in Italy, France, Portugal, Florence in Italy, Frankfort
in Germany, Antwerp, Brussels, Amsterdam, Rotterdam, Hamburg
i Germany, British Dominions'in America, the West Indies, Ircland,
Denmark, and Stogkholm in Sweden.

ARITHMETIO AS A SCHOOL SUBJECT. .;l

Afirkinofbutteris ..o 000 0

e ofsoapis........... ..
A barrel of pot ash Lﬂ.. e
—— anchoviesis. ..... ... ... ... ..

- figs is from 98 Iba. 10 2 cwi. 3 grs
- -osoap 8.

- butter in

- guhpowder is..
—— . raisinais. .
A double barral ol anchm ies.

A puncheon of prunes is 10 ewt. or .. ..

Afotheroilead .. ... .. .

A stone of iron or shot is 19 ewt 2 gr
--—~- butcheraia. . ... ... R
A gallon of train ol is. . ...
A fuggot of steel in.... ... ... .

A burden of gad steel or 9 score. L .

A quintal of fish in Newfoundland 1:. ..
Astoneof glast ia......... ..
A seam of glaas is 24 atone.
-——— of cheesoor hutterin, . .
A clove or half stone is. e
A wey in Suffolk is 32 ¢ lfm-u or.

- Essex is 42 cloves.
o= of woola. .
Acloveis............. .. ... .
Antonedts. ... ..
A tod is. .
A wey is 6 le and l atons, or.

Awvack 82 weys, OF ..o i e

A lust is 12 sacks, or

Pike udds to cloth measure:

6 quarters of a yard make 1 ell——Fren(-h
4 quarters, 1 inch and one fifth, make 1 eli--Scotch.
3 quarters and two-thirde make 1 Spanish var.

o L,

e
at]
12
12

(1)
120
120

(Y]
150}
100
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In long measure, he omits the denomination of hand and adds the
surveyors’ meassure. Square measure is incrcased by the denomina-
tions of square inch, square foot, and square mile, and ale or beer
measure by the denominations puncheon and butt. The table of
dry measure 1s a8 follows:

Jpints make.. .. ... oL a0 a8000090a06a0000606 0000 | quart. °

Jquarts. . . | pottle
Spottles. e oo Tgallen,

" &

Zymllons. ... oo e lpm‘k. ,
4) [FER I oooooaaacacoaoacanasaa eeaseaas a sas0a aaaosaa00aco | l)ll{hurl.
Chushels.........0 ..o L : e I strike.

2strikes... L Touuscoasenee ©688a00030008800a0 1 coom,

2eooma. ... S oeeeceeiio oo e oo bquarter,
dquarters. oo 0 1 chaldrom.
hquariem. o -« . ... lehuldromin London.
Sauartems. ... Lo e I wey,
TWeYB. L 1 hst.

Solid (cubie) measure, which Dilworth does not give, is given thus

by Pik. :
Lo2Sianches make .o 0 L e < Voot
Yoot . [, o L b yard
A0 {eet of round timber, or M it of hewn timber........... ... . | ton or load.
125 solid feet, 1. ¢, K ia dength, 4 in breadth, 4 in hewht. ... ... i condof wood. .

Thoe table of ¥edernl money which was established in 1786 is given
by Pike under a scetion heading, *“Decimal tables of coin, weight,
end meagure.”  The decimal tables of weight and measure was an
attempt to decimalizo the talles in common use, though the advan-
tage of the form which he gives is not ovident.

In Daboll's text the great majority-of the problems wre stated in
terms of the money of the Unitod States. . This is true also in Adams’s
Scholar’s Arithmetic.  But Federal money did not beceme generally
used until considerably later than 1800. In 1815 Aduns deplores
the uso of English money and "‘to shew ghe great advantage which
i8 gainod by reckoning in Federal money ™ he contrusts “the two
modes of nccount, and in separate columns on the same page,” places
the same questions “in Old Lawful and in Federal Money.”

The simplicity of the decimal system, upon which the Federal
money wis based, was very soon ovident and stood out in contrast
to the haphazard basis of the other systems of measure. Chauncey
Lee, in 1795, commenting upon ““our tables of weight and measure”
points oat that they “are as ily contrived for ease of calculation as
can well be imagined.” And later he says: :

T am persuaded that experience will soon evince the expediency, if not the abao-

lute necessity of Federalizing all the tables of weights and measurcs and other mixed
quantities, which have an immediate relation to commerce, upon a decimal scale.

O
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After showing the inconvenionce of vulgar fractions for the pur-
poses of calculation, he says:

This inconvenience will ever continue to operatg in a greater or less degrm unt
this vulgar evil is plucked up by the roote—all these surd, untoward fractional num.
bers banished from practice, and the several denominations in all commercial tablen

' of mixed quantities conformed to our Faderal money and established upon a decimal
scale. To accomplish this is & task too great for any individual in a republican HON -
ernment, It requires the arm of Congress to effect it. .

He follows this with Fede. Aliged tables for avoirdupois weight,
troy welght liquid measure, dry measure, cloth measure, a pntlu»
caries’ weight, and board measure. His plan involves koopmg it

" least one unit in each table the same except i the case of troy
weight.  The following table illustrates the plan:

FEDERAL AVOIRDUPOIR

10 dramsmake.. ........ . . .. e ..... .lounce.
ounces......... ... 1 pound.
Wopounds................ ... ... . -~ -« thundredweight
Whundreds. . ... ... ..., . ... A .. .. . A thousand.

| The plan was not adopted, and there is no trace of it in the arithme-
’ tics of Daboll and Adums, which appeared o few vears later.

} The American Accom ptant is interesting historically also becuuse
it is tho first arithmetic in which the dollar mark (8) appears.  The
mark is in the form . Thego is also a mark for dimes (), n mark
for cents (//), and s mark for mills (/). But these are searcely usied
in the text.! Daboll gives our present dollar mark, but uses also the
abbreviation “dols.” He writes both 127 dols., 19 cents, and $3x1,
72 cents.

Daboll considers ‘* Federal goin ' 80 **nearly allied to whole nim-
bers, and so ahsolutely n(urary to be understood by everyone™
Lhat ho introduces it immediately following whole numbers.  Adums
places it after decimal fractions and 45 pages after tablo of English
money.

The four fundamental operations were usually repeated for denom-
inate numbers under the head of “Compound Addition,” **Com-
pound Subtraction,” cte. Dilworth divides his treatment of each of
the operations into two parts, “simple’” and ‘‘compound.” Pike
and Daboll give the operations for “compound”’ numbers afte: all
operations have been given for ‘‘simple” numbers. There are no
special rules in Dilworth’s text for the operations with ““compound "
numbers, but other authors usually give specific rules. Pike recog-
nizes as many as eight cases of ‘‘ Compound Muluphcatlon " Reduc-
tion, a.scendmg and descending, was an 1mp0rto.nt t,opxc in the tex ts.

-t For ndlsc‘mlononhe origin of the dollar mark, 300 F (‘AM The Evolution oﬂhe Dollu lhrk Papu-
Iar Beiegioe Monthly, vol. 81, p. 521.

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

FJ : .
. SUBJECT MATTER OF ARITHMETIC BRFORE 1821. 29

It occupies 10 pages in Dilworth’s text, which marks it as one of the
most important topics-—addition, practice, and exchange being the
only ones which are given more space. .

Rule of three.- -There aro three cases of the rule of three which
Pike defines as follows:

The Single Rule of Three Direct teacheth, by having three numbers given, to find
8 fourth, that ghall have the same proportion to the third, we the second hath to the
first. ’

The Single Rule of Three Inverse teacheth, by having three numbers given, to find
a fourth, which shall have the same proportion to the second, us the giret has to the
third.

The Double Rule of Three teacheth to reslve such queations as require two, or
more, statings by simple proportion; and that, whether direct or invere. It i8 com-
posedd (commonly) of 6 numbers to find & g <th, which if the proportion bhe direct,
muxt bowr such proportion to the fourth and fiftl as the thind, bears to the firat and
second: but if inverse, the rixth number must bear such proportion to the fourth and
fifth us the fitht bears to the second and third.

For centuries this rule was the basis of the rules for solving most
of the problems arising in busiress. [is application was made so
universal that it was often spoken of as “The Golden Rule' of
arithmetic.  We shall describe the three forms of the rule and then
illustrate the variety of practical situations to which it was applied
in the arithmetics of this period. :

The rule given for the case of direct proportion was to pick out
“the number that asks the question for the third term, take the
one of the **same name or quality ” for the first term, and the remain-
ing one which has the same name or quality as the required answer

is thg second term.  The solution is then accomplished by multiply--

ing the second and third terms together and dividing by the fimst,
the quotient being the answer. )

The problems under this rule were of the type: “'If 6 lbs. of sugar
cest 08, what will 30 lhs. cost at the sane rate 2’ This tvpeof prob-
lem was often complicated, as when the first and third torms were not
of the same denomination, or when a torm was expressed in more
than one denomination. Pike recognizes seven cases of these com-
plications for which he giv.s special directions.

Problems requiring the rule of three inverse aro to he distinguished
from those belonging to the direct case——
by au attentive consideration of the sense and tenor of the question proposed: for if
thereby it appears that when the third term of the stating is lces than the first, \the
answer must be leas than the second, or when the third is greater than the first, the
ahswer must be greater than the second, then the proportion ia durect; but, if the
third he less than the first, and yet the sense of the question requiren the fourth to be
greater than the second, or if the third being greater than the first, the answer must
be lese thpn the second, the proportion is inverse.

bil
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The required answer is then obtained by multiplying the first and
second terms togother and dividing the product by tho third. Such
problams as the following are placed under this rule: _

‘“What length of board 74 inched wide will make a square foot?” “‘Howmuny
yardsof carpet, 21 feot wide, will cover a floor which is.18 feet long and 16 foet wide?"

Under the double rule of three we find such problent; as:

1f £100 gain £6 in & year, wha. vill £400 gain in 9 months? [ 8 men bulld p wall
20 fect long, 6 feet high. and 4 feet thick in 16 days, in what.tiie will 24 men build ‘
one 200 feet long, 3 fect high, and 6 feet thick? 5

These aroe to be solved by two or more sm(‘(‘mwo npph( nhmh of .
the single rule of three or by a spouul rule which is given.

Such’problems as, “‘If 40 Ih. at New York make,48:1b. at Antwerp,
and 30 Ib. at Antwerp make 36 Ib. ut Leghorn. how many Ib. at New
York are equal to 144 1b. at Leghorn” were placed under the sepa-
rate head of “(‘onjninod Proportion.” ' There were two  cases
depending upon whether the qumtmn demanded how many of the
first measure were equivalent to a given number of the last, as in-the

a given number of the first.  For each case a rule was given. X

Practice.—Fourteen pages of Dilworth’s text is devoted to * Prac-
tice,” and judged fromn this point of view this is the most nnportanl
topic. It is defined by Pike as a— N .
contraction of the Rule of Three Direct. when the firt term happens to’ be a unit. of
one; and has its name from ita daily use among merchants and tradeamen. heing an
easy and concise method of working most questions which occur in trade and business

As a preliminary, a table of aliquot, or even, parts of money is to
be learned. Pike adds a table of aliquot parts of weight and a table.
of discbunt. Practice itself is divided by Dilworth into 10 cases, by
Pike into 28, and by Daboll into 6, who explains that ** reckoning in
Federal money will render this rule &hnoat, useless.”

The cases given by Pike are:

When the price of 1 yd_, b, etc., is an even part of one shilling.

When the price is pence, and no even part of a shilling. ~

When the price is pence or farthings, and an even part of a pound.

When the price is between one and two shillings.

When the price is any even number of shillings under 40.

When the price wants an even part of 2a.

When the price is between 2s. and 3a.

When there are pence in the price which are an even part ofa shllhng besiden an
even number of shi¥ings under 20.

‘When the price is any odd number of shillings under 40.

‘When the price is an even part of a pound.

When the price wants an even part of a pound.

‘When the' p'riCa i shillings, pence, and fsrthings and not an even part Wund

‘When the price of a yard, 1b., etc., is pounds, shillings, and peace.: o

1 This method of solving such problems was (orm‘eﬂy known as the *“Chain Rule.” (Boe Jacksom:
The Educational Bignificance of Blxteenth Centur; Arithmetlc, pp. 14849.)
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] When the quantity isany number loss than 1,000, and the price not more than 12d.
per yard, etc. :
When the price is such & number of shillings and pence, a3, when reduced into
| peace, may be produced by any two numbers in the multiplication t le, and when
the quantity does not exceed 1,000.
When the quantity is 240.
When the quantity is not less than 228, nor more than 252.
When the quantity is 480, ’
When the quantity is 160,
When the quantity is 120.
When the quantity is 80 yards, etc.
When the quantity is 60 yards, etc.
When the quantity is 180.
When the price of dne hundredweight is of several denominationg, and the quantity
likewise.
Wten the price is at any of the rates in the second Practice-Table of aliquot parts.
When the price is any even number of shillings, if it be required 1o know what
quantity of any thing may be bougbt for so much money.
- Tohnd%he dir_ount of any invoice, of bill of parcels, at any rate per cent.
To find the value of goods sold by particular quantitiea. )

Although the authors insist that “ Practice” is “a contraction of
the Rule of Three,” there is no trace of the rule of tlree in many of
the specific rules which are given for the numerous cases. For
example, the rule for case 5 mentioned above is: “Multiply the given
quuntity by half the price, and double the first figure of the product
for shillings; the rest of the product will be pounds.” There is no
effort to give a reason for the rules. The pupll is ex~~cted to accept,
them on faith.

Barter. --Barter was a topic which included such problems as,
“How much rice at 28s. per cwt. must be bartered for 34 cwt. of
raisinsat 5d. perlb. ¥’ Such a problem was solved by the rule of three.

. Fellowship.—The topic of fellowship, later called partnership, was
treated in the texts of this period as an application of the rule of
three.  The rule for single fellowship, i. e., fellowship with equal
time, is, “‘as the whole stock is to the whale gain or loss, 80 is each
man’s particular stock to his particular share of the gain or logs.”
Problems in double fellowship, or fellowship with time, are to be
solved by a similar rule. '

Alligation.~Such problems as the following are given under the
head of alligation medial: “@A farmer mingled 19 bushels of wheat
al 3. per bushel, and 40 bushels of rye at 4s. per bushel, and 12
bushels of harley at 3s. per bushel, together; I demand what & bushel
of this mixture is worth#” The rule is:

As the whole composition is to ita total valae, so is any part of the composition to

' {ts mean price. - . ‘

Alligation alternate is defined*as “ when the rates of several things

, Me given to find such quantities of them as are necessary to make a

¥, 81768°~17-—8 : '
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mixture which may besr a certain rate.”” There are three chses
- which are illustrated by the iullowing protlems: )

A grocgr would mix three sorta of sugar together, viz, one sort at 10d. per lh.. avother
at 7d., and another at 6d.; how much of each sort must he take that the whole misture «
may be sold for &i. per Ib.? \

A man being determined to mix 10 bushels of wheat at 4s. per bushel with reat
3s., with barley at 28, and with ocataat la. per bushei, I demand how much rye, barley,
saud oats mupt be mixed with the 10 bushels of wheat that the whole may be solid for
28d. per bushel?

A grocer hatlr 4 sorts of sugar, viz, at 8. per 1., at 6d. per Ib., at 4d. per i, and
at 2d. per Ib., and he would have a composition of an ewt. worth 5d. per Jb. 1 demand
how much of each sort ho must take? N

The rule for solving such & problem as the first is given by Pike as:

“1. Place the several prices of the simplox [samples). being reduced to sne denomi-
nation, in & column unider each other. the least uppermaat, and wo gradually downward,
as they increase, with a line of connection at the left hand, and the mean price at
the left hand of all. .

2. Connect, with a continued line, the price of cach simple. or ingredient, which
is less than that of the compound, with one or awy number of those, which are [reater
than the compound, add each greater rate or price with one, or any number, of the i
loas.

3. Place the difference, between the mean price or mixture-mute) and that of v h
of the simples, opposite to the rates with which they are connected.

4. Theo, if only one difference stand against any rmte, it will be the quantty
belonging to that rate, but if there be several. their sum wil! be the quantity

To solve problems such as the second and third above, the rule of
three is applied in addition to the above rule. 1t is to be noted that
such problems are in general indeterminate.  The answer obtained
in any case depends upon the manner in which the second step of the
solution is performed. Also, as we have noted before, no attempt
1 is mado to give any reason why such a procedure should give the
required result.

Posion.-—Position is the title of the tapie which contains such
problems as:

Two men, A and B, having found & bag of money, disputed who should have it
A mid the half, thind, and fourth of the aoney mado 130 L and il B could tell how
much was in it, ae should have it all, otherwisc he should have nothing; 1 demaad
how much was in the hag?

! A, B, ahd C would divide 100 1. between them, mo that B m.a‘v have 3 I. more than
A, and C 4 L more than B; I demand how much each man must have.

Such problems as the first are solved by supposing & number and
then applying the rule of three. In problems such as the second one
above, two numbers are to be supposed and the errors manipulited
according to a mechanical rule to determine the corrections which
must be made in the supposed.numbers. :

Ezchange—Under the head of denomiv.ate numbers the lack of
common standards of weights and measures was noted. This was

O
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particularly true of the medium of exchange. Each country, and
somietimes even an important commercial city, had its-own medium
of exchange.  (Seo p. 24.) This situation gaVe rise to many prob-
lenis of exchange. )

Dilworth gives 11 ,cases under the head of “Exchangs” which )
grew out of commercial relations botween London and other centers_
of business. The problom is to determine the cquivalent in English
groney of a sum expressed in the nwoney of a foreign place. or the .
revapsd.  No explieit directions nre given, but evidently the problems
are to be solved by the rule of three, or a contraction of it, when
vsingle multipliention or division i« possible,

Although the present decimal svstom of money in the United
| States was established in 1786, its universal acceptance by the sev- .
eral Stgges was delaved.  Prior to 1786 ecach of the several States
had established its own curreney. - According to Pike they had
adopted w common medium of exchange i groups as follows: New
Hampshire, Massachusetts, Rhode Island, Connecticut, and Virginia;
"New York and North Carolinn; New Jersey, Pennsylvania, Deluware,
and Marviand: Seuth Carolina and Georgia. In addition. Canada
and Nova Scotia had another medinm of exchange.  Each of these
five moneys was o modification of the system of English money in
ponds, shillings, and penee. -

“hese additional factors wore added to the already complex prob-
lem of evehange which we have described. Under the head of
“Rudes for redieing Federal coin and the currencies of the several
United States; also English, Irish, Canada, Noya Scotia, Livres,
Tournois, and Spanish milled Dollurs, each to the par of all the other,”
Pike gives 76 rules of this type: “To reduce South Carolina and
Georgia carreney to New Hampshire, Massachusetts, Rhode Island,
Connecticut, and Virginia currency. * Rule: Multiply the South Caro-
lina, ete, sum by 9 and divide the product by 7.7 This topic pre-
cedes the rule of three, but under this rule additional problems of
exchunge are given.  Later in the text a table of exchange is given
for reference.

Daboll gives a similar treatment of exchange, and Adams, in
commenting on the improvements contained in the revised edition

| ~of his Scholar's Arubmetic in 1815, says i the preface:

But what more particularly claims attention in this revised edition is the introduc-
tion of the rule of exchange, where the pupil is mado acquainted with the different
curreneies of the several States (that of South Carolina and Georgia only excepted),
and how to change these currencies from one to another; also, to Federal money, and .
Federal money to these several curroncies.

“his shows that the needs of business, which are reflected in Pike’s
eatment of exchange, were folt keenly enough as late as 1815 to cause

O

ERIC

Aruitoxt provided by Eic:



pAiaSanes e ana
- ) . *_
82 ARITRMETIC A8 A B8CHOOL SUBJECT.

‘ R
| arevision of a text which had previoualy omitted that part of exchange
: which had to do with the currencies of the several States. But, as

will appear in the consideration of the texts of the next period, the
need was soon removed by the general use of the Federal money.

Percentage.—Problems of loss and gain, discount, interest, otc.,
which we now class as applications of pereentage, are treated in the
taxts of this period, but the topic of perventage itself does not appear,
Cocker (le:) first mentions per cent under profit and loss.  After
stating and solving three problems having to do with the sbsolute
losa or gain he gives the problem:

A draper bought 83 kemeys for 129 1. T demand hote ho must sell them per proce

+ togsin 15 L. in laying out 100 I.. at that rate.
The answer is justified by saying:

Foras 100isto 115 1. so is 1291, ta 148 1. 7s . o that, by the proportion above |
have found how much he must receive for the S8 kemeys to gmain after the rate of.
15 L. per C.

He contimies his development with the two following problems:

T A grocer hought 4} C.of pepper for 10 L. s 4d and ot proving to be demmitiedy
he ia willing to lose 12 1. 10s. per cent. T demand how he must sell 0 per pound
A plummer sold 10 fodder of Tead (the Imldor containing 145 €y for X4 10 15 and
gaived after the rate of 12 L. 10s. per 100 1 1 demand how much it vost lnm per o7,
In these problems and th;uunmpun\mg explanations Cocker s
expressing the loss'or gain as being at the rate of s0 many puumk on !
each 100 pounds invested. The treatment of Joss und gain in the
other texts of this period ¢ not quite as explicit, but it 15 in accord
with the spirit of this.  Per cent is written * per cent.,” which shows
that “cent’” was «lourl\ understood as an ahbr(\\mlmn for centum.
Occasionally *per cent™ was contracted to * per (' ‘
Pike introduces profit and loss hy saving that 1
is an excellent rule by which merchants and traders discover thewr profit and hoss per
cent or by thegroms  * * * Ttaboinatfucta them to miss or fall the price ot their
goc dis 80 as to gain or lowe 80 much per cent, ete.
This indicates the recognized function of the topie.
_ Pike gives this probk(lf; under the hend of the rule of three: " If
100 L. gain 6 L. in a year, what will 475 L. gain in that time?” But
this seems to have heen unusual. Dilworth défines ‘“the rate per
cent'’ as ‘“a certain Sum agreed on hetween the Lender and the Bor-
rower, to be paid for every 100 Pound, for the Use of the Principal,
. which, Mcording to the Laws of England, ought not to be above
% -5 L. for the Use of 100 L. for 1 year, and 10 L. for the Use of 100 L.
. for 2 years; and so on for any Sum of Mony, in Proportion to the
i time proposed.” The rule is, ‘‘Multiply the principal by the rate
| per cent and divide the product by 100, the quotient is the interest
. required.” Pike, Daboll, and Adams give similar definitions and the
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same rule. For days and months aljquot parts of a year wers to be
taken. For 6 per cent a apecial rule was given. :

ilworth treats briefly compound interest. and rebate or discount
{true discount) in Part 1. Later in Part 111 these topies, togethor
with other applications of percentage, ave taken up with decimals.
Under the head of ““Simple Interest™ * the ratio of the rate per cent”’
defined as *only the simple interest of 1 L. for one year at any pro-
posed rate of interest per eent.”. s to be found by the application
of the rule of three thus:

L £ 1
oo 6 .1 Qo6

A table of ratios and the four cases of interest are given, the
rule boing stated only i term of a formula. No problem is solved
out, but presumably decimal fractions are to be cruployed in solving
the probiems. Compound interest is presented in the same manner.
Aunuities and pansions in arrears, present worth of annuities, annui-
ties and leases, and rebate or discount are considered for hoth simple
and compound interest. With only a very few exeeptions all pos-
sible cases are given.  Besides these the topies of purchasing freehold
or real estates and purchasing freehold estates in reversion are troated
in their several cases. In all eases the rule is stated in terins of a
formula.

Pike adds commission, brikerage, partinl payments, buying and
selling stocks, and policies of insurance as applications or phases of
interest.  These topics are treated very simpiy with the exception of
pohicies of insuranee, which is given in aight cases. Four of these
enses have to do with problems arising in marine insurance.

Botl: Dilworth and Pike give equation of payments by the com-
mon way and by the true way. By the common way the equated
time of payment was found by multiplying *‘each payment by the
time at which it” was due and then dividing ** the sum of the prod-
vets by the sum of the payments.”  The rule for the true way is com-
plicated, but it is based on the recognition that to be absolutely
fair interest upon the amounts whose payment is delayed should be
equal to the (true) discount upon the amounts which are paid before
they are due. Daboll and Adams do not mention equation of pay-
ments by the true way. Adams gives a8 Massachusetts rule for par-
tial payments, and Daboll adds the Connecticut rule.

In the treatment of these several topics which we now associate
under tho head of the applications of percentage, decimal fractions
are used only as a second method. Six per cent always stood for at
the rate of 6 L. on 100 L., $6 on $100, 6 cents on 100 cents, ete. To
get from 6 per cent to .06 ‘the rule of three was required, and then .06

- * was called the ratio, In the general orgmniza;i'on of the texts after

/
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Dilworth, decimal fractions were placed early enough so that ihey
might have been used directly in the solution of problems whicl
involved “per cent,”” but in general they were not. The method of
solution was nv(‘omplnhml by an application of the rule of three, or
directions were given to divide the product by 100 or to cut off (wn
places.

Percentage with its several cases ix not contaimed in the texts,
The range of application is as great as we have to-day, but they were
handled without (he technique of perrentage,

Tare and trett had to do with rulss for making allowanees m the
weight of merchandise.  Tare was an allowinee for the contamer
(box, barrel, bag, ¢te.). Trett was an n‘llm_\'nnvv of 4 pounds out f
each 104 pounds for " waste and dust in some sort of goods.”™  Cloff
was ai additional allowanee of 2 pounds on every 3 hundredweight.

Progressions. arithmetical and geometrical (sometimes ealled pro-
portion) are tregted exhnustively by Pike and partially by Dilwordh
and Daboll and not at all by Adams.  In geometrieal progressious
the problems are mostly concerning a erafty person who mahes an
apparently foolish bangain. It juvolves a geometrical progression,
however, aml turns out to be most profitable. Tlm merchant whn
sold 39 yards of fine velvet trimmed with gold at 2 ]mw for the tint
yard, 6 pins for the second, 18 pins for the third, ete., s typicsl.

Permutations was frequently given as a topic. The problems are
about such Yuestions ws the number of changes which enn be rung
on a chime of bells, or how many different positions a party can
assume at a diuner table. Pike asks how many variativns can be
made of the dphabet. In Pike's text the topic of combinations s
added, and the whole topic elaborated into seven eases.  However,
‘the topic is usually very briefly tieated.

Evalution. —Dilworth dispmm of square root by saving to prepare
the given square for extraction by pointing off every two figures,”
He gives no further instructions. . Cube root he explaing in some
detail, employing the relation (a + €)* = a® + 3a% t 3ae* + &, and rules are
given for finding all roots up to and including the twelfth root. Pike
gives an additional method for m!m root and a general rule for
“extracting the roots of sll powers,” but. does not explicity go beyond
the fifth root. He gives also a general method by approximation.
Adams considers only square and cubo routs. For these he gives
elabarate dainonstrations which are tlustrated by cuts.

Longitude and time.—This had not yet become a topic in the texts
of this period. Pike approachces the topic in four problems under the
rule of three and in two problems under duodecimals.

- Mensuration.—The space given to mensuration varied. Dilworth
- does not mention it. Pike makes it quite a feature. He introduces

~
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practically all of the rules of goometry.  (See table of contents in
Appendix .y In the other texts it is usually mentioned. The Jnen-
surntional problems are from commerce rather than from the trades.

Thiodecimals. - Part V' of Dilworth's text 15 devoted to ducsdeci-
mals or cross muluplication. In the preface he states that the topic
was not contained in the origimal text, but added in s revision.  Duo-
decimals nre defined s fractions of a foot. or of an inch, or any part
of ananch having 12 for their denominations.™  Feet, inches, secondls,
turds, and fourths are used. [t was the purpose to use a scale of 12
m caleulations rather than the decimal seale upon which our number
wstem iy based. Other texts of the period give the topic! and the
sustem seems to have been used in practical calculations.  Adams
speahs of 1t as o rule which is particularly useful to workmen and
mitificers i casting up the contents of their work." :

Pleasant wmid diverting guestiona.- - Arithmetical purzles are occa-
sonadly found niixed in with practieal problems.  In addition, some
suthors give a hist of puzzles under the above or  similar title.  This
i the case in the texts by Didworth and Adams and in their lists we
recogmize some familiar friends from whiel we select the following:

N4 dack todne Brother Hairy, T oan place four threes i much s sanner that
o shalb make st A8 can Y ou o so on?

As b wie g 0 Rt Jves,

I et mven wiven,

Every wile haud seven sacka,
Every tach had meven eala,
Eveqy cat had seven Kits,

Kite, cats, ks and wivea,

How many wem gaing 8t Ives?

Three jealous hushiands with their wives, being ready to pase by night over a river,
do tugl at the waterade s boat which e carry but (wo persone 8t once, and for want
ciawaterman they ane mceasitated 16 row thenwwlves over the river at aovera] times:
The question ix, how shall them pemons pass 2 by 2. a0 that nene of the three wives

- iy b found dnthe company of one or two men, unless her husband be prusent?

Proofs.—Dilworth gi s what hoe calls s proof ” for many of the
rules of his text.  Bu. these " proofs” are rather checks upon the
operations than a proof of the rule. A very common form of proof
Was Lo reverse the order, 1. ., take the answer obtained and work
buck to the conditions of the problems.  In the caso of addition and
multiplication, it meant to change the order of perfornung. the
operation.  * Casting out the nines " was used as a method of proving
multiplication and addition, but Pike says, following his exposition of
this method of proof: ‘

However, the inconveniency attends this meothod, that, although the work will
alwaya prove right, when it ia so; it will not always be right when it proves o; I have
therefore giver this demonstration siore for the sake of the curious, than for any real

sdvantage,
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While such a problein might arise, it is unusual, and the way in

T T N
m:rmﬂo AB A SOHOOL SOBIECT.

. Typu of problems.—A: very small per. cent of the total number of §

-problems call for.the arbitrary manipulation of abstract numbers, i}g

such as, “Multiply 4786 by 753,” or, ‘ What is 14 per cent of 8392¢"

This is due in part to the relatively small space given to the funda-

mental operations and to the absence of provision for drill upon

special rules, such as percentage. There are a number of problemg

~  of this type: “Reduce 16 miles to barleycorns.” Such problems are

- essentially abstract, even though they have to do with concrete
§uantities. They lack.the setting of a practical situationt which calls
for the eperation. Tnstead, the operation is dogmatically demanded.
Furthermore, the problems of this type were not always coustructed
80 as to conform to the demands which are made by actual practical
situation. For example, it is difficult to imagine the practical situa:
tion which would demand the above process. "

A somewhat different type of problem, but being practical only in

a slightly greater degree, is the following:

From the Creation to the departure of the Iaraelites from Egypt was 2,513 years; to
the siege of Troy, 307 years more; to the building of Solomon’s temple, 180 years; to the

\e
A
3

P T

the destruction of Carthage, 363 yeans; to the death of Julius Casar, 102 years; to the
Christian ers, 44 years; required the time from the Creation to the Christian era®

k- which it is stated leaves the pupil to construct the situatioi which
49 would give rise to such a prf\blem

A large number of problems, in many texts a majority, were prac-_
tical in the sense that the statement of the problem included »
: description of the practical sitnation which demanded the calcula-
5 -tion. But because of the excessive classification of problems under
g particular rules, the pupil did not need to use his underssanding of
; _the practical situation to determine the operations, which were
required.

The method of presenting a tomc —The manner in which the authors
introduced the pupil to arithmetic is typical of the spirit of the texts.
In Daboll’s Schoolmaster's Assistant, which was probably more ex-
tensively used in the United States after 1800 than any other arith-
metic before Colburn’s, the pupil was introduced to the subject as
follows: .

Arithmetic is the art of computing by numbers, ‘and has five principal rules for its
operation, viz, numeration, addition, subtraction, multiplication, and division.

Numeration is the art of numbering. It teaches to exprees the value of any pro-
posed number by the following characters or figures:

1, 2, 8, 4, 5 86, 7, 8 9, 0—orcypher.

""" Beeldes the dmple value of ﬂgum each has a local value, which depends upon the
place It stands in, vis, any figure in the place of units represents only its simplest
-value, or a0 many ones, but in the second place, or p.hce of tens, it becomes e0 many 5’

tens, or ten times iu simple vnlue

S
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. In the Sclolar's Arithmetsc, by Daniel Adafns, the subject was
begun as follows: '

Arithmetic is the urt or science which treata of numbers.

It is of two kinds, theoretical and practical. .

The theory of arithmetic explains the nature and quality of numbers, and demon.
strates the reason of practical opergtions. Considered in this sense, arithmetic is 8
sclence.

Practical arithmetic shows the method of working by numbers so as to be moat useful at
and expeditious for business. [n thias sense arithmetic is an art. "

r

There are six pages+of definitions of this sort, and an explanation
of the system of notation, before any problems are given. Addition
is begun with the definition, followed by the rule for addition and for
proving the work. ‘I'he first example is: ** What will be the amount
of 3612 dolls. 3043 dolls. 651 dolls. and of 3 dollars when added
together V"' There is nearly a page of explanation. This is followed
by nine abstract examples which complete the topic of addition
except for a “Supplement to Addition,” which was added in the.
revised edition. - .

La treating a topic four elements were recognized— definitions, rule,
explanationy and problems. If the topic permitted being subdi-
vided into cases, this was.done. The presentation of the single rule

~of three direct in Pike's text is perhaps typical.

S
NS
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The Rule of Three Direct teacheth, by having three numbers given, to find a jonrth
that ehall have the same proportion to the third as the second hath to the first,

If more require more, or leas require loss, the question belongs to tite Rule of Three J
Direct.

But if moure require lees, or less require more, it belongs to the Rule of Three Inverse.

Rule. 1. State the question by making that number which asks the question the
third term, or putting it in the third place; that which is of the same name or quality
88 the demand, the first term; and that which is of the same name or quality with the
answer required, the second term.

2. Multiply the second and third numbem together, divide the product by the
first, and the quotient will be the answer to the question, which (as also the remainder)
will be in the same denomination you left the second term in, and which may be
brought into any other denomination required. .
~ Two or more statings are sometimea necessary, which may always be known from
the nature of the question.

The method of proof is by inverting the question.

But, that I may make the method of working this excellent rule as intelligible as
possible to the learner, I ghall divide it into the several cases following:

1. The fourth number is always found in the same name in which the second is
given, or reduced to; which, if it be not the highest denomination of its kind, reduce

. to the highest, when it can be done. ' ’ )

2. When the second number is of divers denominatiohs, bring it to the lowest {

. ;. . mentioned, and the fourth will be found in the same name to which the second is
.7 reduced, which reduce back to the highest poesible. : ‘
.. 3. If the first and third be of different names, or one or both of divers denomina-

S

b
*Hons, reduce them both to the lowest denomination mentioned in either.
4. When the product of thig second and third is divided by the first; ¥ there be 'y
mainder after the division, and the quotiett be not the least denomination of.its ..

)
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% kind;'then mukiply the remainder by that number, which one of the same denomi.
3"‘4‘, nation with the quotient containa of the next less, and divide this product again
£ by the first humber; and thus proceed 'till the least denomination be found, or ‘till
A nothing remain, _ ' ?

A 5. If the first number be greater than the product of the second and third, then bring

N the second to a lower denomination. ™

6. When any number of barrels, bales, or other packages or pieces are given, cach
containing an equal quantity, let the content of one be reduced to the lowest name,

e

and then multiply by the given number of packages or pieces,

’ 7. I the given barrels, bales, pieces, etc., be of unequal contenta (as it mast gen-
5&. erally happens), put the separate content of each properly under one another, {hen
" add them together, and you will have the whole quantity. :

3 The organization of the texts.—The plan of organization of the texts
Lf"( of this period was topical, and there was considerable agreement in
the general arrangement of the topics. Numeration was uniformly
X the first topic. Sometimes notation was also included under this
K. - head, as in Pike’s arithmetic, or it was given as a separate topic nsin

Adams’s Scholar's Arithmetic. This was followed by the four funda-
mental operations for integers, and these in turn by denominate num-
bers, including reduction, compound addition, ete. Federal moucy

b came to \ave a place early in the text. Fractions, both vulgar and
decimal, came late in the first texts (see tables of contents in-Appen-
¢- . dix). In later texts (Pike, Daboll, and Adams) they immedintely
b, - followed cotpound numbers. The rule of three in its variety of
? forms was placed after fractions, and in turn it was followed by prac-
h

tice, tare and trett, exchange, interest, brokerage, etc. :
Adams has a rather unique general plan of organization. After
disposing of numeration and notation he divides the remaining con-
tent into four sections as follows:
Section I. Fundamental Rules of Arithmetic.
v Bection II. Rules emsentially necossary for every permon to fit and qualify them
B . for the transaction of business.

Section 1IT. Rules occasionally useful to men in pnrticulkr employments of life
Bection 1IV. Forms of ‘notes, &c. .

Specifying the rules of Seotion II, he says:

These are ten: Reduction, fmcu'ons,‘\Fedeml money, oxchange, interest, com-
pound multiplication, compound division, single rule of three, double rule of throo.
and practice.

A thorough kuowledge of these rules is sufficient for every ordinary occurrence
in life. :

A summary.—The most prominent feature of the arithmetic texts
of this period was the large number of rules which were to be directly
applied to problems of trade and commerce. The texts were essen-
. tially commercial arithmetics. The solutions of the exercises were-
© to be written as opposed to oral and the subject was frequently called *,
“‘cyphering” for this reason. - . : it

5 Frostions are taken up hiere 50 farther than I8 necessary to show thmm and toillustrals ;"-j"':
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Primary and mental arithmetic.—The toxts which wo have described S
wero not intended for young children. In fact, during this period
srithmotic was seldom taught to children before the age of 8 to 10.

" The contont was limited to written calculations and mental arithmetic
did not exist. Betweon 1800 and 1821 there wore a few attempts
to make arithmotic “‘easy” for children.! The genoral plan of these
texts was the same as that of the ones we have described. Some of
tho topies were omitted, and the treatment of the others was less
chborato. They possessed none of the essential features of the .
primary texts of the next period. Thera was one atterapt at a
méntal arithmotic.’ Tho text was montal only in the senso that
rules and facts were to be memorized and short cuts emphasized
so that the pupil could make tho ealculations montally. There were ‘
no analyses. It was not a mental arithmetic of the type which o
became prominent a fow yoars lator. g

Tho appearance of these texts is significant in that it indicates 4
tendency which culminated in Colburn’s First Lessons, which is

described in Chapters IV and V. T

Texts not exclusively devoted to arithmetic.—In addition to texts of
"t type which we have described, there were a number of books
which were encyclopedic in the range of topics treated. They ware
usually published under such titles as, ‘Instructor,” ‘‘Companion,”

“Assistant,” etc. The following completa title of a book of this type

gives a good idea of the range of topics. Out of a total of 384 pages,

94 are devoted to arithmetic, not including bookkeeping. o

SUBJECT MATTER OF ARITHMETIO BEFORE 181,

s

The Instructor; or, Americap Young Man's Best Companion. Containing, 8; ‘ing,

Reading, Writing and Arithmetic, in an easier way than any yet publishea; and

. bow to qualify any person for business, without the help of a Master. Inatructions
to write Variety of ITandas, with Copies, both in Prose ayd Verse. How to write
Letters on Buginess or Friendship. Forms of Deeds, Bonds, Bills of Sale, Powers
of Attorney, Inden.tures, Receipts, Wills, Leases, Releases, otc.

Alwo, Merchants’ Accounts, and a short and easy Method of Shop and Bookkeeping;
with a Description of the Product, Counties and Market Towns in England and Wales,’
otc. :

Together with the Method of Measuring Carpenters’, Joiners’, Sawyers’, Bricklayers’,
Plasterers’, Plumbers’, Masons’, Glaziers’, and Painters’ Work. How to undertake
each Work. With the Description of Gunter’s Line and Coggershali’s Sliding-Rule,

Likewiso, the Practical Gauger, Made Easy; the art of Dialling; How to erect snd

" fix Dials; with Instructions for Dying, Colouring, and making Colours; and some
General Observations for Gardening every Month in the year, ‘

To which is added, The Family's Best Companion: With Instructions for marking
on Linen; How to Pickle and Preserve; to make divers Sorts of Wine; and many
excellent Plasters, and Medicines, neceesary in all Families; and & Compendium of -

3
B o 4

Y

! Examples of such texts are: Arithmetic Made Easy to Children, by Emmor Kimbeg, second

edition, 1405, An Arfthmetical Primor for Young Masters and Misses, by Samusl Temple, 180, - - YE
John White: A Practival System of Menial Arithmetio, or s New Method of Making Calculations by

1ho Action of the Mind without Pen, Ink, Pencll, or Paper. 1818, .
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the < iences of Geography and Astronomy containing s brief Deecription of the
different Parts of the Earth, and a Survey of the Celestial Bodies. .

Also Several Very Useful Tables.

By George Fisher, Accomptant, 30th Ed. Rovised, Correoted, Enlareed, Improwd
Printed at Worcester, Maas., 1785, by 1. Thomas.

The contribut’si of the period.—The sixteenth century has been
called the great constructive period in tho development of arithmotic.
A comparison of the texts used in the United States before 1821 with
the description which L. L. Jackson gives in The FEducational Signi-
ficance of Sixteenth Century Arithmetic shows no important advance

" over the arithmetic of the sixteenth century except the introduction
of decimal fractions. But only partial use was made of decimal
fractions, even safter the introduction of Kederal money, until after

" the close of this period. “Rules reducing Federal coim, otc.,’
represent the only important addition to the contents of l)ﬂworth’p
Schoolmaster's Assistant and earlier toxts by English authors,

The contributions of the ciphering book period to the development of
arithmetio as a school subject were (1) the arousing of interest in arith-
motic suited to the neods of the United States, and (2) the cultivation
of & sense of discrimination in the selection and organization -of the .
subject matter of arithmetic. The first is shown by the number of
texts by American authors which were published betweon 1788 and,
1821. 'The second is shown in a gonoral way by all the, texts. In
particular it is shown by the contents and form of organnatnon of

i Adams’s Scholar’s Arithmetic and in Daboll’s attitudo toward fractions,

- These two contributions are significant not so much for what was

’ accomplished during this period as for the fruit they bore in the next.

The content of the instruction.—When the arithmetic aptually taught
is considered, it must be noted .that in the latter portion of this
period something of arithmetic was taught in four types of achools;

Dame schools, public schools, private- schools, and academies and

- colleges. These will hé considered in order.

[ Dame schools.-—Dame schools, as the name signifies, were kept by

B women, usually maiden ladies, who were willing for a small compe-

- tence to care for very young children, thereby relieving their mothers

of that burden.. This was the main function of the dame schools,

“ +  but in addition the children were usually taught their letters und

. occasionally to read. Often no more was possible. because of the

very limited ability of the one who gave the instruction. QOcca-

. sionally the children were taught to count and to chant the addition

. and multiplication tables. With the exception of the most preten-
- tious of these schools the instruction in' arithmetic did not extend

beyond this. a ;
Public schools.—The arithmetic studxed by pupils in these schools :
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“ with mtegen and to these operations for denominate numbers. The
following is typical of a number of statements relative to the lntter
part of this period«

Arithmetic was taught from Dilworth, a book making no allusion to a decimal S
currency, and having little or no adaptation to the ordinary requirements of business:

If we reached the ‘* Rule of Three,” we were quite gratified with our attainments.
Most of us came short of it.!

It should be noted that in Dilworth's Schoolmaster's Assistant the
rule of thres began on page 129, immediately following reduction,
which was preceded by only notation and the four operations for
integers. Wickersham says:

Before 1800. he waa considered & remarkable acholar who in a country school had
" ciphered beyond the rule of three, and few schoolmasters made pretension to a knowl~
edge of arithmetic more extensive.?
Warrerr Burton in The District School as It Was tells us that:

My third season T ciphered to the very last sum in the rule of three. This was
deemed quite an achievement for a lad only 14 years old, according to the ideas , - -
prev.iling at that period. Indeed, whoever ciphered through the above-mentioned *
rule was supposed to have arithmetic enough for the common purposes of life. If A
one proceeded a few rules beyond this, he was considered quite smart. But if he
went clear through—miscellaneous questions and all—he was thought to have an .
extraordinary taste and genius for figures. Now and then, ayomﬁ, after having A
been through Adams. entered upon old Pike, the arithmetical sage who ‘‘pet the :
sums " for the preceding generation. Such were called great “arithmeticians. " ? -

In New York City in 1815 we are told that, of the children studying
arithmetic, 208 were in addition aud subtraction, 110 in multiplica-
tion and division, 15 in compound numbérs, and only 10 in reduction
end the rule of t,hree.‘

Private schools.—In general these were schools for giving instruction
in special qubje(‘ts such as arithmeti¢ and writing. Hence the
instruction in arithmetic was more pretentious than that in the public
schools. Advertisements of schoolmasters of about the middle of the
eighteenth century have been preserved and are indicative of the
scope of the instruction in these qchool% These are some of the less
pretentious:

Erom the Newport Mercury of May 22, 1759: ' John Sims, schoolmaster in the town..
echonl. teacheth reading and wrising, arithmetic, both vulgar and decimal, geometry,
trigonometry. and navigation, with several other branches of Malhemancs

Another notice from the samo paper, under date of December 19,
1758, states: )

*‘Sarah Osborne, schoolmlstress in Newport, proposes to keep a boarding school. ’
Any person desirous of sending children may be accommodated and have them

1 %

T

! Barnard: Amer. Jour. of Educ., 16: 738,

1. P, W!omnun, Hnstory of Eduoation {n Pamuylvtnh, p. 192,
¥ Pp. 110-113,

¢ Barnard; Amer. Jour. of Ed.:c 19: 506.
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instructed in reading, wmmg plm work, embroidering, tentstitch, ssmplers, etc., - |
on reasonable terms. ' !

A few schoolmasters, howavér, were more pretentious in their
announcements. “w y

In 1748 the fosster of the Anne Arundel County School was John Wilmot, who
concisely and oxpeditiousty taught *‘reading, writing in the most ususl hands, gram.
mar, arithmetic, vilgar, decimal, inslrumental, algebraical, merchant's ac®unks,

" with the Italian motlid of bookkeeping, geometry, trigonometry, plain and spherje,
with their appll('auons furveying, navigation, astronomy, dialing, hkewme the use
of the globes, and sundry other parta of mathematics.''? o ;

Petor Robinson, at Upper Marlboro, near which place youth may be boarded.
taught ‘‘reading, writing in all hands, arithmetic in whole numbers and fractions,
vulgar and decimal, alwo artificial arithmetic, hoth logarithinical and logistical, with
instrumental cither by inapection, rabdologis or proportional scales, geometry, hoth
superficial and molid, with metisurations of all kinds, either in longimeuia, plano-
meotria, or storeometry, as surveying, fortification, gunnefv, gauging, ete ; trigo-
nometry, both plain and spherical, with navigation either in plain\ mercator, or
circular miling, aleo dialing, all sorts and ways, either arithmetically, geometrically,
projective, reflective, concave, or convex; w&mogmphy, celgstial or astronomical,
and torrestrial or geographical; astronomy, prac tical 4pd theoretical ; grammar, mer.
chant’s accounts, or the art of bookkeepiing after the Italian manner; algebra, Euclid's
elemcuts, ete.; likewise the description and use of sea charts, mape, quadrants, fore
- stafls, noctumal, protractor, scales, Uoggershall’s rule, soctor, gauging rod, universal
ring Jial, globee, and other mathematical inut.run'mnla 33

A ciphering book exccuted by Miss Catharine G. Willard while she
was attending the Ladies Aeademy, Boston, 1809, contains the fol-
lo\vmg topics: Numeration, addition, subtm('tlon multiplication, di-
_ vigion, compound numbers (pence table, lawful money, Federal moriey,
S Troy weight, avoirdupois weight, apotllecarwﬁ weight, cloth measure,
long measure, square measure, cubic neasure, win» or beer measure,
ale measure, time megasure), &ddltmn subtraction, multnplu ation, und
division of compound numbers, reduction by division, reduetion by
multiplication, single rule of threo direct, single rule of three inverse,
double rule of three, single fellow: ship, double fellowship, simple inter-
est, compound interest, exchange. practice (20 cascs), bills of |)ur‘ul~
disoourtt, barter, tare and trett, loss and gain, equation of payments,
commission, brokerage, buying and selling stocks, and policies of

insurance.
Few ciphering books are accessible in libraries, but such as it has
o been possiblo to examine indicate that the range of topics was gen-

» erally less than in this one, although one was examined which included

& even & greater number of topics.

., Academies and colleges.—In the academices and oolleges such a text
b . 83 Pike’s was used, and something of the science of arithmetic aswell -
B . a8 the art of cnphermg was attempted. The students were more ma-
g~ ture and they were able to advance beyond the pupils receiving
E instruotion in the public schools or even in most of the private schools.
s In 1804, 18 academies reported to the regents of New York 963 stu-

-~ . ! W, H, Tolman: Hist. of Higher Educ, in Rhods Island, p, 20.
- -n.o.mxu.dmmmmr.u.
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dents.  Of this number, 429 were studying grammar and arithmetic.
In 1801 a two-volume treatise on mathematics by Samuel Webber,
Hoilis professor of mathematics and natural philosophy, of Harvard,
was published.  Of the first volume 245 pages are devoted to arith-
metie. In an advertisement in the second edition it is stated that
“The design in making this compilation is to collect suitable-exer-
cises to be performed by the classes at the private lecturo on mathe-
m given in the university (Ilarvard).” There is a close corre-
1.4e between tho topics on arithmetic and thos» found in the
fist 345 pagos of Pike's arithmetic, but tho text is even more ad-
vanced than Pike's. It is noticeably more abstract and philosophical.
Numerous footnotesscontain explanatory material, often concerning
the reason for a rule, l

1
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Chapter I11." -

THE CIPHERING BOOK- METHOD OF TEACHING
ARITHMETIC. - g

The ciphering bonk. —The most conspicuous feature of the manner

" of teaching arithmetic during this period is the ahsence of texts in

the hands of the pupils. It was the unusual exception for a pupil to
possens any sort of an arithmetic text until toward the close of this
period. [ven when a pupil possessed a text the usual plan of in.
struction does not-appear to have heen altered. In fact, as we
shall show, many of the early texis were specific attempts to facihi-
tate and not to change the plan of teaching.

When a pupil was thought old enough and desired to leam to
“C)pher " he provided himself with a blankbook which was nu.le
‘of a quire of paper folded and sewed togethor.  This was his “cypher-
ing book.” The children of the more well-to-do parents often had
“hought”’ (‘lphermg books. The paper of these was of good quality,
and the books were bound with board or leather covers.  In prl Hr-
ance they resembled account books of to-day, and doubtleds they
excited the envy of those who were compelled to content themselves
with the home-made product.

Having been equipped with a (‘lphermg baok, the pupil announced
his desire to the master, providad instruction in arithmetic was given
in the school. If not, he must go clsewhere for this part of his edu-
cation, In either case the procedure was the same. The master
usually possessed a ciphering book which he had made when he
learned to cipher. Ha set the pupil a *‘sum.”” often the first one in

.his own ciphering book, and told him the rule for its solution. The

pupil was then to work out his own salvation. One pupil described
his experience as follows:

* Atlength, in 1790 or 1791, it was thougl:t that I was old enough to learn to “cvpher
and accordingly was permitted to go to school more constantly. I told 116 master |
wanted to learn to cypher. He set me a “‘sum” in @mple addition— five columns of
figures and #ir figures in each column. All the instruction he gave 'm: was, Add
the figuree.in the first column, carry one for every ten, and set the over-plus down
under the column. T supposed he meant by the first column the left-hand column,
_but what he meant by carrying one for every ten was as much a mystery a8 Samson's
riddle was to the Philistites. I worried my brains for an hour or two, and showed
the master the figures I had made. You may judge what the amount was when the
columna were added from left to right. 'The master frowned and repeated his former
:nstruction, Add up the column on tAe right, carry one for every ten, and set down
the remainder. Two or three afternoons (I did not go to school in the morning) were
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spent in this way, when. I begged to be excused from learning to ~ypher, and the old
gentleman with whom I lived thought it was time wasted; ® * * The next winter
there waa a teacher more communicative and better fitted for his'place, and under
him sotne progrees wrs made in arithmetic, and T made a tolerable ncqumition in the
first four rules, according to Dilworth’s Schoolmaster's Assistant. of which the teacher
and one of the eldest boys had each a copy. The two following winters, 1794 and
1745, 1 mastered all the rules and examples in the firet part of Dilworth; that is,
through the various chaptems of rule of three, practice, fellowship, interest, etc., to
geometrical progreasion and permutation !

e oxample or problem was worked on a scrap of paper, often
coarse wrapping paper. Later slates were used. After the pupil
had finished the “'sum” to his own satisfaction, he carried his work
up to the master's desk for appmval The approval frequand) con-
sisted in the master comparing the pupil's work with his own in his
ciphering book. This solution had received his-master’s stamp of
approval in this same way and prohably could hoast of several gener-
ations of unbroken descent. If the pupil's work was identical with
the master’s, it was approved and was ordered copjed, together with
the “rule,” in the ciphering hook, to be preserved. 1f there was not
identity, the pupil was frequently commanded to do it all over
again,” oven though his work was correct.  One pupil describes his
experience thus: '

Printed anthmetics were not tsed in the Boston echools til} after the writer left
them,? and the custom waa for the maater to write a problem or two in the manu-
seript of the | ipil every other cay. No boy was allowed to cypher till he.was 1]
years old, and writing and cyphering were never performed on the same day. Master
Tileston had been taught by Master Proctor, and all the suma he set for his pupils
were copied exsctly from his old manuscript -Any boy could copy the work from
the manuscript of any further advanced then himself, and the writer never heard
any explanation of any principle of arithmetic while hé waa at school. Indeed, the
pupils believed that the master could not do the sums he set for them, and s story is
told of the good old gentl man, which may not be true, but which is so characteristic
a8 to afford a very just idea of the course of mntructmn aa well as of the simplicity
of the superannuated pedagogue.

It is said that a bay. wha had done the sum set for kim hy Master Tileston, carried
it up, as usual, for examination. The old gentleman. as usual, tok out his manuscript,
compared the slate with it, and pronounced it wrong. The boy went to his eest and
reviewed his work. but finding no error in it returned to the deek and asked Mr.
Tileston to ba good enough to examine the work, for ha could find no error in it.
This was too nit:~h to require of him. He growled, as bis habit when displeased, but
he compared :1e sum again, and at last, with a triumphant smile, exclaimed: '‘See
here, you nurly (gnarly) wretch, you have got it * If four tona of hay cost so much,
what will seven tons coet?’ when it should be, lf four tons of English hay cost so and
00} Nowgoand doit all over again.”’ *

The origin of this plan of teachlhg probably was due to the scareity

. of texts. But the continuance of a method of instruction which did

not make use of & text can not be due to texts not being available

'Jonph‘r Bucuuhlm lnlhmlnl‘l Anwr. Jous. of Edue., 13: uo

3 John Tiles{oh taught in the North Wilting smloumtrom 7310 1819. Wm. B. Powls Bved
from 1796 to 1805. This would piace the date of this sbout 1510. .
SWm. B. rawu,mnmm'uhc Jr, oxm..t.w.
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during the eighteenth century. Several texts by English authors 1
were known in the Colonies in the early part of the cighteenth cen-
Y tury. (See p. 18.) That these texts did not become generally used |
i in the schools and the method of instruction correspondingly chang. d
seems to have been due mainly to & belief in the eflicacy of the method
of teaching arithmetic without a text. To be sure, books were more

A expensive then than now, if the purchasing value of money be taken
o1 into account. But this condition does not scem to have prevented
. the printing and distribution of religious \\rllmgs and the almost
f’ universal use of the Psalter and catechism in the schools,  And
; ~ certainly in the study of Latin jtexts must have been used. Ther
L were a number of printing pmxsoq in the Colonies, hut they were
g,i engaged largely in turning out contmvoma] pumphlets of a rol:gunh
4 nature.

e When pupils came to be provided with texts, the procedure was
o ~essentially the same until after the close of this period.  Wickersham
v gives this description:

With & book of his own, the pupil solved the probléms contained in it in their
proper order, working hard or taking it casy aa it pleased him, ahowed the solutions
to the master, and if found correct generally copied them in 8 hlank book provided
for the purpose. The matter copied embraced about the whole contents of the arith-
metu' including headings, definitivne, rulos, and examples.  Rome of these old manu-
script ' Cyphering Books," the best one may suppose, having come down through
several generations, are stili preserved among old family records, bearing teatimony
to the fair writing and the careful copying. if not to the arithmetical knowledge, of
those who prepared them. When a pupil was unable to solve a pmblem, he had

~ recourse to the master, who solved it for him. ‘Tt sometimea hsppened that & dozen
or twenty pupils stood at one time iv & crowd around the master’s desk, waiting with
alats and problems to be solved. There were no classes in arithmetic, no explena-
~tions of processes either by master or pupil, no demonstration of principles cither
asked for or given; the problems were solved. the answers obtained, the sulutions
copied, and the work was considered complete. That some persons did obtain a
good knowledge of arithmetic under such teaching must be admitted. but this result
was cloarly due rather o native talent or hard persona) labor than to wise direction ', 4

Another interesting account of the teaching of arithmetic is given
in The District School as It Was. The writer was bom in 1800 and
the account was first published in 1833:

At the age of 12 I commenced the study of arithmetic, that chicfest of sciences in
Yankee estimation. No man is willing that his son should be without skill in
figures * * ° .

“The entering on arithmetic was quite an era in my schoolboy life. This was placing
me decidedly among the great boys and within hailing distance of manhood. My *
. leelings were consequently considersbly elevated. A new Adams's arithmetic of

- vthe Intest edition was bought for my usé. It was covered by hand with stout shecp-

skin, in the economical' expectation that, after I had done with it, it might help

still younger heads to the golden acienve. - A quire of foolscap was made to take the
. lorm of & manuacript of the full length of the sheet, with & pasteboard cover, as more
" suitable to the dignity of such superior dimensions than filmy brows paper. -

, ' Hist. of Bdac. 18 Peonsylvanis, pp, 205
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P

1 had also a brand-new alate, for-Ben used father's old one. 1t was set in & frame
wrought by the aforomid Ben, who prided himaelf on. his knack at tools; considering
thal he had never served an apprenticenhip in their use. There wag no Iack of timber
in the fabrication. Mark Martin maid that he could make a better frame with a jack-
knife in his left hand and keep his right in hia pocket. :

My fimt exercise wan tranacribing from my arithmetic to my manuscript. At the
tepof the first page I penned " ARITHMETIC " in capitalsan inch high and so broad
that this one word reached entirely acrom the page. At a due distance below 1
wrote the wond ©“Addition” in lamge coane hand. beginning with a Iofty A, which
semed like the dmwing of & mountain peak. towering above the level wildernces
helow  Then came * Rule,” in a littfo amaller hand, ao that there was a regular grada-
tion from the enormous capitals at the top, down ta fine running. ne, hobhling hand
in which ¥ wrote off the rule. .
“"Now alate and pencil and brain came into use. 1 met with no difficulty at first;
smple addition was as eany a2 counting my fingers.  Rut there was one thing | could
et understand—that carrying of teus. 1t was abwolutely necreary, | perceived, in
orter 1o got the right answer; vet it wan & mystery which that arithmetical onucle,
aur schoolmaater, did not aee fit to explain. [t is possible that it was a mystery to
him, Then came sbtrcton.  The borrowing of ten was another unaccountable
opemtion,  The reason acemed to me then at the very bottom of the well of science;
sud there it remained for that winter, for no friendly hucket brought i¢ up to my
reach,

Every rule was tranacribed to iy manuscript. and cach sum likewine as it stood
propuosed in the book, and als the whole proceas of figdres by which the answer was
found. a °

Lach rule, moreover, waw, or rather waa to be, committed to memory, word for word,
which to me wus the most tedious and difficult job of the whole.! ~ ’

The purpose of texts in the hands of pupils was to lighten the labor
of the master as well a3 to sasist the pupil in understandirg the sub-
“Jeet. Dilworth says’in his preface:

After returning o you my most hearty thanks for your kind scceptance of my
Nei. Guide to the English Tongue, permit me 1o lay Lofore you the following pages,
which sre intended as 8 help toward a more speedy improvement of your acholam in
numbers and at the same time to take off that hesvy hurden of writing out rules and
quostions which you have so loug laboured under.

And later:
And now, after all, it ir possible that aome, who like best to tread the old beatenr

Path, and to sweat at their Rusinees when they may do it with Pleasure, nay start an
Objection aguinst the Use of this well intended Assistant.

Another author writes in more detail and lets us see more of the
schoolrodm technique and the reason for having printed texts:

Having some time ago drawn up a set of rules and proper questions, with their
snswer annexed, for the use of my own school wind divided them into several bookn,

8 well for more ease to myself as the readier improvement of my scholars, 1 found
them by experience of infinite use; for when & master takes upon him that laborious

{though necewary) method of writing out the rulee and questions in the children’s

books he must either be toiling and alaving himself, after.the toil of the achool is over,
to get ready the books for the next day, or else he must lose that time which would be
. much better spent in instructing and opening the minds of his pupils. * & * Therg
. Was, however, still an inconvenicnce which bindered them from giving me the satis-
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faction T at first expected; i. e., where ther are several boya in a claae, some ove or
other must wait till the boy who figgt has the buuk finishes the writing vut of thuse
rules and questions he wants, which detains the others frpm making that progress they,
otherwise might, had they a proper book of rulem and examples for cach; to remedy
whirh | was prompted th compile one, iv onder to have it psainted, that it wight nut

aniy be of uss to my own achoal but to such othems as would have their scholars mak.

; : . a quick progrees !
Daniel Adams savs in the preface to his Scholar's Arithmetic:

. Wo have now the testimony of many respectable tearhem to belies o that thie work,
- where it has heen introduced into mchools, haxs proved a very kind asistant foward s
h more spoedy aud tharough improvemens of mcholars in numbem snd at the mme time
) = lm\rvlimw-‘d masters of & hegyy burden of writing out rudes and guestions under which
; they have m long labored w. the manifost neglect of, other g -rta of their wehools
- ’ . . ' L - .
& The Pupil's (fuide, by Benjamin Dearborn (1782)) is simply s eol-
8 lection of the “mest useful rales i artthmetic.”  The book contans
;;' no wxamples or problems.  Its purpose was ' to lessers the labor of
y the master.”

A few authoms attempted (o faclitate this plan of instruction even
more than by simply providing a source for problems and rules.
Isanc Greenwood, the first American o write an arithmetic wlich was
published, savs in his preface:

The Reader w1ll observes, that the authot has inserted under gll thase rules, wher
it was proper, Examplea with Blanks for his practice This was a principsl End
the Undertaking; that such permons ax were desimuns therof might hasve a compre
hensive Collection of all the best Rulew'in the Art of Numbring, with examyplos
wrought by themselven  And that nothing might be wanting to fuvour this despu
the Impqunn ix mmh\ upon several of the bost Sorts of Paper This moeth W 1s
eutirely new, ¢ *

Daniel :\dums embodies this same feature in his Scholar's Arith

X metic in 1801, e says in his preface:

b !

o To answar the several intentions of thia work it will be necessary that it should b
- put itto the hands of every arithimetician; the blank aiter vach example is desgned
s + for the operation by the scholar. which Leing fimt wrought upon a dlate or waste paper

he may afterwaran transcribit into his hook.

This text apparenty ntuunw) some popularity, for by 1815 it had
goue through nine editions. I have seen a copy prmmd as late as
1824. 1 have a copy printsd in 1820 which bears the imprint of the
hand of some pupil who doubtless labored long over the involved and
obscure exercises.

When Dudley Leavitt edited an abridged edition of Pike's System
of Arithmetic in 1826, there was also published—

" A New Cipheriug Rook, adapted to Pike’s Arithmetic abridged; containing illia-
" trative notes, a variety of useful Mathematical Tables, etc., with blank pages of fine
paper, sufficient {or writing down all the more interesting opersations.’

¢ Fraticis Walkingiime's Tutors’ Assistant, prefacs. ‘l\.lh.uxtbymlindhhnmmr o
reprinted ia this country.
¥ Anwe. Jour. of Edue., 1828, p 11,
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I%oxts in the hands of the pupils grew in favor, and thus the masters
were rfieved from the burden of setting sums and dictating rules,
The pupil bad both in his text.  But in doing this another need was
crented. Many of the instruetors possessed practically no arithmeti-
cal ubility. So little, that the pupils behieyed that the masters could
not do many of the sums, and without their awu viphering books
would be helpless.  Thus when a new or different problem appenred
w the texts, master and pupil alike were perplexed of they could not
locate it under a known rule. ” The following is typieal of what one
muy mnagine happened frequentd;

\law had just beeu pasaed reqmrng that tyeher' examinations should be con.

due tevd by three county commistonens instendd (f §hio towdilp trustecs, an luud hoop

- the prwtice hefore 1 shall not furget,” meys Hobbe, Tmy finst experience wwler
the uew syrtem. The only question atkad me st my Hrt examination wan, What is

s,

the prodoct of 25 cents by 25 centa®  Weo ware not as exact then aa people are now.
We had only Pike'swrithmetn | which gave the sume and the niks, Those were con-
snfered enough at that duy  How could el the praduct of 25 centa by 25 centa,
when suchoa probiem coulid not be found i the boak® - The oxaminer tiought it was
6] cents, but was notsure 1 thaoht just as hie did, Yt thas tookeal too apall to both
ofwn - We discumasd its merita for an hour or more, whon he decides! that he was sure
Dws quatifial to teseh molied, aind s Arsteclase cortitioate was ghyen me ")

As will be shown a htde later, new tvpes of texts hegan to appear
m N2 Fo muke possible their use, it was necessary to provide a
key for the use of the teacher. A kev, bound either with the text
or seprntely, beeame an essentinl part of a serics of arithmetics.

The use of the ciph¥ring hook is so conspicuous in the plan of
mxtructionand in the purpose of the texts of this period that it seems -
sppropriste to call the period in the develofment of arithmetie up
to 1821 the *Cyphering Bouk Period.”

Although the ciphering book represents the maost conspicuous
feature of the teaching of arithmetic during tns perind, a careful
pnalyvsis of the method of teaching reveals other factors of funda-
mental unportance, -

From the abstract to the coucrete, —=\We have shown that the texis
were orgunized upon this pripeiple. 1t represents also the order of
the instruction.  The experience of the boy who was started on 8
“sum in simple adihtion—fice columns of tigures, and #ix figures in
each column "' -—seems to be typieal. ‘

In his Scholar's Arithmetic Adums presents abstracty the four
uperations for integers and addition und subtraction for = compound
numbers.”  Following the completion of this section of the text, he
BAYS: ' '

The scholar haa now surveyed the ground work of arithmetic. It has before been
intimated that the only way in which numbers can be affected i by the operationa
of addition, subtraction, muitiplication, and division. These rules have now been

¢ Quoted by F. Cajori, The Teaching and History of Mathematics in the United States, p. )6,
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f m %o the pyrpgess and concera of life. Further, the thing needul, and that which *|
distinguishes the arithmetician, is to know how to proceed by application of these
Jour rules 1o the eolutiort of any arithmetical question. To afford the acholar this |
‘khowledge is the object of all the succeeding rules.!

*"Not only was the above dictum literally followed, but it mani-
fested itself in the form of proceeding from the general to'the par-
ticular. _ It appears that educators of those days really thought this
the proper order. .

Memoriter method.—As must necessarily be the case when the
above order is followed, the memory was emphasized almost exclu-
sively. This was certainly true i this early period, Adams
'probably only expresses the consensus of opinion when he 8aYs:
‘‘Directions to the Scholars: Each rule is fisst to be committed to
memory; afterwards, the examples in illustration, and every remark
is to be perused with care.” ?.

A very vivid description of the method of teaching arithmetic is
given by another author:

The boy, advanced perhaps some way in his teens, is sent to n winter school for two
or three months to complete his education; for he can not attend in any other season,
nor then indeed but quite unsteadily. ~ But as he is almost a man he must g0 to school
%0 eypher; and s he has but a short time for the business he must cypher fast. He
jgoes to achool, vulgarly epeaking, raw, perhaps scarcely able to form an arithmetical
figuré. His master sets him a sum-in addition, and it may be tells him be must carry
one forevery ten; but why, isa mystery which neither master nor scholar gives him-
eelf any trouble about; however, with a desl of pains, he at length geta his sum done,
without ever ‘being asked, or knowing how to read the sum total, or any number
expressed in the statement.? :

But it is cyphering, and that is sufficient. If he is taught to commit auy of the
rules to memory, he learns them like & parrot, without any knowledge of their reason,
or application.  After this manner he gropes along from rule to %ﬁ" he ends his |
blind career with the rule of three; and in the end, the only al 68t account he *
can give of the whole is, that he has been overit. But he has completed his achool
education, and is well qualified to teach a school himself the next winter after.¢

The idea of assisting the pupil not @ part of the teacher’s creed.—In
B these early days the function of the teacher was to maintain order -
; and hear lessons. The doctrine of interest had not yat been pro-
mulgated in this country, nor was it considered uecessary to moti-
- vate the work of the school, except, perhaps, by punishment’in case’
the lessons were not satisfactorily prepared. In the accounts of the
teaching in these early days we find no mention of attempts to as-
sist the pupil to appreciate arithmetic. The study of arithinetic
‘Was liot compulsory during the greater part of this period. ‘The
pupil did not undertake the study until he desired to do so, and pre- |

s

v

apse, . . . .-

1.4» 8 strikihg exacaple of this tsthod of nstruotion, T have actually known s isd of 16, who, aiter having |
3% Shis way; gope over all the fifst rules’of ar imetlo at & coRUBON Bciaol, Was utterly unable tdread o
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parents. Certain incentives combined to excite,interest in: the sub--7

ject. For example, ciphering wss a relatively rare accomplishment,
particularly until after 1800. Because of the few who oould, claim-
tho titls. of ‘‘arithmeticker,” .the title carried with it considerahle -

* distinction and honor as well as some practical advantages. . Also, "
the subject was relatively new and considered difficult. - These con- &
ditions combined to cause rivalry, and one can easily imagine . the .
zeal with which the children to-whom such a thing appealed attacked
sums which had a reputation of being difficult. Under these condi-
tions the need of motivating the work in arithmetic would not be
folt as keenly as under our present conditions. But when interest
in the work flagged, as it must have at times, or when a pupil failed
to become interested, we have no evidence that it was considered
the teacher's function to stimulate interest except by one means,
i. e., punishment. In some cases the pupil was allawed to drop.the -
subject. : : o 2 oo °8

The master set or dictated sums and rules and examined the
pupil’s work, or where the pupil possessed a text he had only to ex-
amine the work. These were the essential features of the instruc- :
tion. In the case of some teachers they represented the total of N
instruction; other teachers were “more communicative.” Just what . B
this quality was we are not told, but we may drew some conclusions
from the texts of the period which were presumably. written by some 14
of the ‘“more communicative” teachers.. In the text the nssistance .
given to the pupil is limited to an explanstion, or demonstration, ]
of an example which has been selected to illustrate & rule, The
explanation is little more than an elaboration of the rule for this
special case. The following explanation of the first example in i
division in Adams's Scholar’s Arithmetic is typical. The example is,
Divide 127 by 5. 4 " - i

Proceed in this operation thus: It being evident that the divisor (6) can not be
contained in the first figure (1) of the dividend, therefore assume the first two figures °
(12) and inquire how often 5 is contained in 12} finding it'to be 2'times, place 2in the -~
quotient, and multiply the divisor by it, saying 2 times 5 is 10, and place the sum
(10) directly under 12 in the dividend. Bubtract 10 from 12 and to the remainder 2)
Bring the next figure (7) at the right hand, making the remainder 27. Again, inqhire
how many times 5'in 27; 5 titaes; place 5 in the quotient, multiply the divisor (5) by
the quotient figur~ /3), saying 5 timee 5 is 25, place the sum (25) under 27, subtract,
and the work is done. Hence it appears that 127 contains 5, 25 times with & remainder '.
of 2, which was left after the last subtraction.! . . :

- Such assistance is ‘‘telling” with no attempt at development. The.

... attitudeis: The rule is difficult because it is not finely enough divided. - #4;

Hence we will state it for a particular cess in more detail. No. ..

attempt to develop the topic or to teach the pupil to think is indi-

1P, m,



{T;”’DM instruction =18 has: just been: shown ;that there was

pmchally N0 ‘attempt to instruot pupils, bit in so far as there was

" any plan for guiding the pupil in his learning, it was deductive, i. e,

; from rule to problem. The textbooks were arranged on this plan

L2 and the evidance indiestes that school practice followed this order
S, enclusively.

4%‘ . No drill.—As has been seen, the texts made practically no pro-

. vision for drill, and ciphering books of the period indicate that no
drill was givan. Speed contests and rapid drills were wantmg. A

1. Ppartial reason is that blackboards and slates were unknown until

fo0,- < near the'close of this !qunod Paper was expensive, and the manu-

i

% facture and repair of.quill pens took much time. There appears to

have beén no drill, even upoghe multiplication tables, except in

the dame schools. At this sta)e of his education the pupil could ~
not write, and hence his work must be oral, and drill upon the number
‘facts was a feature of it. ‘

‘No oral arithmetic.—The work was all written except the very ele-
mentary instruction in number gwen in the dame schools. The be-
ginning of oral arithmetic, or as it is more generally called, mental
arithmetic, belongs to the next period.

 Individpal instruction.—The very nature of the cipheripg book

method made impracticable class or group instruction. Though

little instruction whs given, the pupils had individual contact with
. the master. The practice of having examples explained to the class
" by either the teacher or'a pupil comes in & later period.

An objective result.—The accumulating collection of examples and

their solutions furnished tangible evidence of the pupil’s progress.

. By both master and pupil this objective result was consciously

" strivenfor. Incidentally, neatness both in the making of characters and

Ain the arrengement of the work was insisted upon’ and usually secured. Q'
Ciphering books which are still preserved are models of neatness and
skill in writing.

.
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PART IL—BEGINNING OF THE PESTALOZZIAN MOVEMENT IN AMERICA
AS APPLIED TO ARITHMETIC, O THE WORK OF WARREN COLBURN.

Chapter 1V,

WARREN COLBURN AND HIS RELATION TO'" -
PESTALOZZI.- o

5 hS

The beginning of a new epoch in arithmetic and arithmetic teaching

in the United States was marked by the appearance of Warren Col-
burn’s First Lessons in Arithmetic on the Plan of Pestaloczi, in 1821
pArithmetio was given a place of increased importance as a school -
subject; the content of the texts was changed almost abruptly; the (3

aim of arithmetical instruction was modified to inolude mental train- -
ing as an important factor; and much of the instruction in arithmetic
h(game oral. Warren Colburn exerted a greater influence upon R
this development of arithmetic in the United States than any other .
person. For this reason it is entirely fitting that we give here a
brief account of his life.! . i
Warren Colburn's early life.—Warren Colburn was born March 1, . g
'1793, in the part of Dedham (Mass.) called Pond Plain. In 1794 or .74
1795 the family moved into Clapboardtrees parish, later to High Rock, - 1
and in 1800 or 1801 to Milford. Richard Colburn, his father, was & il
farmer, and the early life of the boy was spent on the farm. Pre- ;
sumably he participated in the usual activities of farm life. At the - {g
age of 4, Warren attended a summer district school. At Milford, 1
he began to attend the winter district school. From Milford the 3
family moved, about the year 1808, to Uxbridge, where he continued
to attend the winter terms of the common school. .

- It was at this last place that his aptitude and expertness in arith-
" metio began to attract attention. His father enoouraged this apti- ¥
tude by taking into the family Mr. Gideon Alby, an old schoolmaster, ‘2
who was good at figures. Mr. Alby instruoted the boy in “‘cyphering "’ : f§

" during the long winter evenings. 3
About this time Warren Colburn seems to have developed eithers 2
distaste for the farm, or an aptitude for machinery and oertain lines 4
of manufactuxing. Apparenily on his account, the family left the ‘T
'~ farm about 1810 and moved to Pawtucket, R. 1., so thas he: might i
', have. the opportunity to leamn something of machinery and manufeo-

L ;lﬁﬁr&ofndi;um‘omdﬁwcom'lubﬁig acoount in Barnard’s Jmerican Journel of
o Rduoation, 3: 0. . . :




Wrmg Dmngthemxtﬁveyomheworkedmfwtones, andltwasnot
*until the summer of 1815 that he began to prepare himself for eollege "
-Just why he developed a desire for a college education is not told us, |
‘but. clearly he possessed a very keen motive for it. Such was his
-zeal that he prepared for college within 12 months, although appar- |
+ ently he had not studied languages before. For this reason he was -

" ill-prepared in all except mathematics when he entered Harvard
College in 1816.

His lifé in college and afier. ——'l‘hroughout his college course he
“was recognized as excelling all his classmates in mathematics. It.is
said that he applied himself with equal faithfulness to the classics 8,
“and in spite of his poor preparation he commanded the respect of
his instructors and stood well in these classes. In mathematics he
mastered the calculus and read thrqugh a considerable portion of

the great wtrk of Laplace. He gmduated in August, 1820, at the age
of 27. :

Colburn reoeWed the genuine respeot. of all who knew him. At
college hp was liked and respected by all his classmates, although he
was not acoustomed to participate in the social activities of college life.
He was older and more mature than his fellow students and seems to

~ have taken his college studies very seriously. Heagas not brilliant
‘in conversation nor in public speech. Soon after Colburn’s death,
" Dr. Edward G. Davis, a classmate, wrote of him as follows:

Ia the constitution of Colburn's mind, many circumstances were peculiar. His
mental operations were not rapid, and it was only with great patience and‘ long-contin-
sed thought that he achieved his objects. This peeuliarity, which was joined with
an uncommon power of abstraction, he possessed in common with some of the most
gifted minds which the world has produced. Newton himself, said that it was only

_ by petient reflection that he arrived at his great results, and not by sudden or rapid.

flights. In Colburn this slowness and patience of investigation were%adiug traits. | '

It was not his habit, perhape not within his power, to arrive at rapid conclusions on
any subject. * * ¢ His conclusions, reached slowly and painfully, were estab-
lished on & solid basis, and the silent progrees of time, that great test of truth, has
served but to verify and confirm them.! =
The trend of his mind at the time of leaving college is reflected
- in his thesis, which was ‘‘On the Benefit Accruing to an Individual
from a Knowledge of the Physical Sciences.”” One parsgrnph is
especially significant: : |
The purpose of education i# to render a m&n happy as an.individual, and agreealde,
y and respectable as a member of society. To do this, he ought to cultivate all
 ihe powers of his mind, and endeavor to acquire a general knowledge of every depart-
", mient of literature and science, and a general acquaintance with the world by habits
" of convelsation, © And ‘this is not incumsmnt mth the most inteiise upplwmon to
i Q‘mﬂk&pmt. $ ¢ ;
-« /Hig life sfter leaving bollaga is an: exnmple of th:a opiﬂion he .
gxpreuea here. Although engaged as a superintendent of & man-

’ f' lllarmd'-‘Amcr Joux'ﬁll!due.!l 7. » 'M:m-
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.. ufacturing company, a position of responsibility and one which
' required constant attention, Colburn found time to' continue his

~ .+ educational endeavors. His algebra was completed after legvimg the
schoolroom. He was one of the-founders of the American Institute
of Instruction, and in 1830 delivered a masterly address before that .
body on |‘The Teaching of Arithmetic.”

During his collegiate course he taught during the winter months
in Boston,’in Leominster, and in Canton. After leaving college he :
began tedching in a select school in Boston. He continued in this
school for about two and a half years. He then gave up school-teach-
ing and went to Waltham as superintendent of the Boston Manu-
facturing Co. In’August, 1824, he became superintendent of the
+ Lowell Merrimack Manufacturing Co., at Lowell. He continued in

this position until his death, September 13, 1833. '

In the winter of 1826, Lowell was incorporated as a town, 4nd at
the first town meeting Mr. Colburn was chosen a member of the
superintending school committee. It is said that in order to provide
time for proper attention to the affairs of the new school system, the
committee often held their meeting at 6 o’clock in the morning. Mr.
Colburn served on this committeé for two years and was reelected
in 1831, but was excused at his own request. He was elected a fellow
of the American Academy of Arts and Science in 1827. Also, for a
number of years he was a member of the examining committee for

-mathematics at Harvard College.

. While at Lowell he conceived a scheme for the intellectual improve-

ment of the community by popular lectures on scientific subjects.

Throughout the autumn and winter of 1825 he gave illustrated lc-

tures upon natural history, light, the seasons, and electricity. He
- continued giving popular lectures for several years, varying the con-.

tent somewhat from year to year. On one occasion he received and 4

accepted an invitation to deliver a series of lectures before the

Mechanics Charitable Association in Boston. ‘

* Colburn’s arithmetics.—It was while teaching in Boston that he

wrote his arithmetics. The First Lessons in Intellectual Arithmetic

came from the press in the autumn of 1821. The Sequel to the First

Lessons was published about a year later.! ;

- In 1825 Colburn published An Introduction to Algebra upon the

 Inductive Method of Instruction. Although the algebra . was not
published until after he had ceased teaching, it was a part of his
originally conceived plan which had its incipiency in his teaching
experience.

’ i T

: ! The date of publication of the Sequel has been erroneously given as 1824, and one writer has given it
881826 Neither of these dates is correct. Theé compiler of this report hasin his possession a copy bearing
‘. the date of 1823, the date of copyright being October 30. '
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i M. BatelioMer, of Gambridge, states:

'3 immber once, in conversing with him with respect to his arithmetic (the First
Lessons), he reroarked that the pupils who were under his tuition made his arithmetic -
. for-him; that he had ouly to give his attention to the questions they aaked, and tho
Pproper answars and oprnsuono to be given, in order to anticipate the doubta and
.dificulties that would arise in the minds of other pupils; and g)ho removal of these

n of that system of
ingtruction whichi his schoolbooks were the means of introducing.! e

. He published about the same t{ime a series of reading books for
young children. Each book of the series contained some appropriate
instructions in English grammar. It is said that his method of pre-
senting grammar gave results scarcely less admirable than in arith-
metic. Before his death he had pkumea* revision of his Sequel
which was intended to meet the criticisms which had been made upon
it. Unfortunately he had not committed his ideas for the revision to
writing and nothing has come down to us of what probably would

‘have been a work of even more merit.

'The First Lessons was immediately introduced into the schools
and enjoyed greater popularity than any other arithmetic ever pub-
lished. In 1856 the statement was made that 50,000 copies were
used annually in Great Britain and 100,000 annually in the Umted
States. It was even translated into foreign languages. In the
Boston Public Library there is a copy printed in raised type for the

plind. g

The first teachers who used the First Lessons were enthusiastic
in their praise of it.- Mr. Thomas Sherwin, principal of the high

school, Boston, said:

I regard Mr. Colburn as the greatest benefactor of his age, with respect to the proper
developmeut, of the mathematical powers. Pestalozzi, izdeed, first conceived the
ge ; but Mr. Colburn realized the plan, popularized.it, and rendered it capab]e of

ing applied by the humblest mediocrity. Indeed, I regard the Firat Lessons as
the ne plus ulira of primary arithmetic.?

Spesking of the First Lessons, Mr. Page said in 1843, in addressing
the American Institute of Instruction:

The reason, the understanding, is addressed, and led pn step by step, till the whole
is taken into the mind a®d becomes a part of it. The memory is little thought of, yet
the memory can not let it alip; for what has been drunk in, as it were, by the under-
standing; sud made a part of the mind, the mind never forgets. To how many a
wayworn and weery pupil under the old system; to how maay a proficient who could

. numper his balf dozan authors, and twice that number of manuacript cyphering bouks;

to how many s teacher even, who had taught the old system, winter after winter,
and yet maw but as ‘‘through & glass darkly”; to how many euch, was this book on its

ap ce Their Fimt Lessons in Arithmetic? Warren Colburn’s name should be

tten in & conspicuous place, in letters of gold, Ior thu service.®

"Inid.,p. 20, . IR, 09,
? From a lecture before the American Institute of Instruction, August, 1843.
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. Pestaloezi's contribusion to arithmetic.—By stuting in the title of hix
first text that it was “ on the plan of Pestaloasi” and by the use ofthe -
Pestalozzian unit table and fraction tables, Colburn definitely von- o 5
nected his work with that of Pestalozzi, the noted Swiss educator.
Statements made by writers® in recent. years have tended to create

~ the general impression that Colburn merely copied what Pestalozzi

had already done. In presenting the evidence on this point, we shall - 7%

first review certain phases of Pestalozai’s work. - '
Johann Heinrich Pestalozzi (1746-1827) was profoundly influ-

enced by the writings of Rousseau, partiéularly by the Emile. Early
in life he conceived the ambition of improving the social, moral, and
religious conditions which then existed among the peasant class of

Europe. This was the guiding purpose of his life. At first he strove

to accomplish it by reforming the vagrant and delinquent children by

means of industrial training, but after his work at Stanz in 1799,

where the conditions made industrial training impossible, he-directed

his attention to improving elementary instruction, which he con-
cluded was a more fundamental means? of social improvement,

This conclusion was based upon the assumption that one’s social,

moral, and religious status was dependent upon one's ability to form

“clear ideas” from confused sense-improssions and that the ability

te form such ideas was a general ability and capable of development .

as such.? o« o
Pestalozzi states his concept of the immediate purpose of instrue- -

tion when he says “in the youngest years we must not reason with

~ children, but must limit ourselves to the means of developing their i
minds.” ¢ His meaning is made more clear when he says in another gl

' WARREN COLBURN AND HIS ‘RRLATION'

Ly

place: _ X
- The world lies before our eyes like a sea of confused sense-impreasions, flowing one \,
into the other. If our development through nature only is not sufficiently rapid and Jt;
unimpeded, the business of instruction is to remove the confusion of these sense- &
impressions; to separate the objects one from another; to put together in imagination s

thoee that resemble or are related to each other; and in this way to make all clear to
us, and by perfect clearnees in theee to raise in us distinct iduas.®

Acgerding to Pestalozzi nature has endowed the child with instincts
and capacities or ‘“‘facultice.” These develop naturally, but this
process is too slow, and man is to assist in the development of the
child’s “faculties” by using the same materials and art of instruo-
tion that are employed by nature. The means of making clear alt
- knowledge gained by sense-impressions,” he says, ‘“‘comes from
;- number, form, and language.” These are the ‘“elementary means of

5. - . .. 3F.P.Graves; A History of Education in Modern Times, p, 151,
t" s« -, vHow Gertrode Teaches Her Chiidren, p. 327, - B
o " imid., p. 146, ‘ 2 }
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instmct.ion, because the whole sum of external properties of any
objeot is oompnsed in its outline and its numbers, and is brought
home to my consciousness through language.” This thesis furnished
the basis for his curriculum. The method of instruction was bascd
upon tho thesis that seme—nmpressmns are the ‘‘absolute foundation
of all knowledge.” .

Pestalozzi considered am,lunetu' the* most nnpurt ant means for
giving that mental training which would result in the power to form
‘“clear ideas.”” ' For this reason he took particular pains to identify
the elements of the subject, and to formulate the series of steps in the
meéthod of instruction. He considered arithmetic to arise—
entirely from simply putting together and separting several unita. Ita haxis is
essentially this: One and one are two, and one from two leaves ons.  Any number,
whatever it may be, is only an abbreyviation of this natural, original method of count-
ing. But it is important that this consciousness of the origin ¢f relations of numbera
should not be weakened in the human mind by the shortening expadients of arith-
metic.. It should be deeply impreased with great care on all the waya in which this
art is taught; and all future steps should he built upon the mnm‘inuslmw. deeply
retained in the human mind, of the real mlu}inm of things which lie at the bottom of all
calculation. 1f thisis not done, this first means of gaining clear ideas will he degraded
to a plaything of our memory and imagination, and will be useless for ita eseential
purposo.”

Both the content of arithmetic and the method of teaching it, as
Pestalozzi conéeived them, are implied in this statement. The
“clear idea " which is represented by a number, e. g., seven, is obtained
by counting seven objects. The “clear idea” which is rcpro.sontcd
by 7 multiplied by 8 is to be obtained by counting the total numher

of objects in seven groups containing eight objects cach. This plan,

was extended to common fractions and operations with them. The
“shortening expedients of arithmetic” were not permitted until
‘“clear ideas” of numbers and number relations had,become perma-
nently fixed by having appropriate sense perceptions. In the
beginning, the children might use their fingers, peas, stones, or other
handy objects for obtaining the necessary sense perceptions. Later
a “spelling board” with moveable letters (tablets) was used or the

‘tables which Pestalozzi devised. : _
The units table consisted of 100 rectangles arranged in rows of 10.

Each rectangle in the first row contained 1 vertical mark. Each
rectangle in the second row contained 2 vertical marks, and so on,
each rectangle in the tenth row containing 10 vertical marks. The
first fraction table was made up of 10-rows of squares, each row con-

‘1 How Gertrude Teaches Her Children, p. 309, .

17044, pp. 310-201.

3In How Octmde‘hwh\llef Chlfdrn, the trenslator (p. 216) states that the units table consisted of
13 rows of 12 rectangies each and that each of the fraction tables contalned 144 squares. The tahles are
Asseribed by Unger, p. 177, as having only 10rows, each consisting of 10 rectangles, oc squares. The tables
waere reproduced by Cdbunl in this form. This form is also given in Pestaloasi’s Ausgewlkhite Werke, by
¥.Msnpn.

A
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taining 10 squares. The aquares of the first row were undivided.
Thase in the second were divided into two equal parts by a vertical
line: those of the third into three equal parts, and s0 on. The second
fraction table was constructed from the first by dividing the squares
in the second column into two equal parts by a horizontal line, those °
of the third column into three equal parts, and so on.

These tables were used in an elaborate set of exercises which were
bused upon Pestalozzi's concept of the nature of arithmetic and of 4
the art of instruction. The exercises were prepared by Hermann
Kriisi, a teacher of experience and ability who was an assistant to a_
Pestalozzi at Burgdorf and later at Yverdun. They were published &
in 1803 with the title, Anschauungslehre der Zahlenverhiltnisse, in :
three parts.! _

There were eight sets of exercises upon the units table2 In the
first, the child was to point to the marks in the table and count out
the combinations of the multiplication table up to 10 times 10.
The second consisted of 540 exercises of the form: ‘19 times 1 is
0 times 2 and 1 time the half of 2" The 6bject was to express '
each’number’ as so mauy twos; threes, fours, etc. In the third, a °
number expressed i terins of sixes was changed to 8o many sevens,
or if exprgssed in terms of sevens, it was changed to so many eights,
etc. For example, 9 times 9 and 8 times the ninth part of 9 is
& times 1, 89 times 1 is 8 times 10 and 9 times the tenth part of .
10." In the fourth, the tenth parts of pumbers are multiplied by
the numbers 1 to 10.  The remaining sets of exercises were made
mcreasingly complex, the sixth consisting of 360 exercises of the - -
form, “12 is 2 times 6, 18 is 3 times 6, therefore 2 times 6 is 2 times
the third part of 3 times 8.”  Four of the eight sets of exercises con-
tained n total of more than 2,000 exercises of the formal types
illustrated. .

The first fraction table was made the basis of 12 sets of exercises

" and tho socond of 8 more. One of these contained 17,280 exercises
«of the form ““ 17 halves are 2 times 7 halves and 3 times the seventh
part of 7 halves.” ., ,

Theso exercises are purely formal, but Pestalozzi believed that by
having a child grind through them laboriously, counting out each 6n
the appropriate table, his mental powers would be developed, because
the exercisas were based upon his psychological analysis of the proc-
ess of the developmen! of the human mind. Arithmetic had been
reduced 16 its elements and the instruction psychologized by reduc:
tion to an elcborate formula.

AL

-

i There iy a 0Py of 4 nach ,".i«"" Mtnisse in the Library of Congrees. This copy con-
" taing only the first part, which was devoted to the sxercises an the units tafile. : .
. 'Tbokcudt&dmlmmmhmﬁombuMwﬁwmdm.byrmﬁm.
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" which pupils displayed, especially in mental ‘arithmetic, was the chief means of
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It should be noted that no practical problems are included in the
hst and there is no suggestion that arithmetic has a practical func-
‘tion. In the first stages, the child was expacted to count familiar-
objects. Some years earlier Pestalozzi said in *‘ Leonard and Ger-
trude’':

The instruction she [Gertrude] gave them in the rudiments of arithmetic waa inti-
mately connected with the realities of life. She taught them o count the number of
sieps from one end of the room to the other; and two rows of five panes each, in one of
the windows, gave her an opportunity to unfold the decimal relations of number.
Bhe also made them count their threads while spmmug, and the number of turns an
the reel when they wound the yarn into skeins. !

No problems are involved here.” The children were made to count
these objects. But at this time Pestalozzi had not begun to formu-
late the art of instruction, and when he did, the idea suggested in this
., quotation Wwas merbhad(med by Hhis interest in a psychological
method. Since “clear ideas” of numbers and their relations were of
the first importance, the symbols of ‘arithmetic were to be delay
until the clear ideas were fixed in the mind of the child. The forms
of operations were not included in the published plan. Thus the
instruction necesshrily became oral.

No better summary of Pestalozzi's s system of arithmetic can be
given than that found in Biber's Henry Pestalozzi and His Plan of
Education, which was published in 1831. He says: '

In this calculating world shall we be understood if we say that Pestalmy 8 arith-
metic' had: o reference to the shop or counting house; that it dealt not in monies, ™
weights, or measitres; that its interesta consisted entirely in the mental exercise
_which it involved and its benefit in the increase of strength and acuteness which
the mind derived from that exercise?” -

Again, in this mechanical sign-loving age, shall we be understood if we say that his
arithmetic was not the art of handling and pronouncing ciphems, but the power of
comprehending and comparing numbera?  And, lastly, with a public whose faith is
exclusively devoted to what is immediately and palpably “practical and useful,”
shall we bebelieved if wo'add that, notwithstanding the apparently unpractical tend-
ency of Pestalozzi's arithimetical instruction, he numbered among his pupils the
most acute and rapid ** pm,h(ml arithmeticians " ?

Such, however, was the case; his course of arithmetic excluded ciphers until num-
bers were perivetly understood, and the rules of reduction, exchange, and others, in
which arithmetic is applied to the common bustness of life, were superadded at the
closs of hig arithmetical course, as the pupil’s future calling might require’it. The
main object of his instruction in this branch of knowledge was the development of
the mental powers; and this he sccomplmhed with so much success that the ability

sttracting Lhe public notice to hm experiments.

The Pestalozzian movement in America. —William MeClure, a Scotch
- philanthropist,iwas the first disciple of Pestalozzi in the, United
Btates. The efirliest presentation of Pestalozaian principles was by
hizs in sn article pubhsbed in the Nmoml Intelligencer, Junie 6, 18067

tpp 131 /
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This was followed by other articles of a more claborate nature. In ol
1806 McClure induced Joseph Neef, who had worked with Pestalozsi, !
to come to Philadelphia, where ho opened a Pestalozzian school in o
1809.  About three years later Neaf removed to Village Green, Pa.
From thers he romoved te Louisville, Ky.; thence to New Harmony, P
Ind.; and finally to Cincinnati. In 1808 he published & treatise on
odm‘atmn entitled: Sketeh of a plan and method of education fmmded
on the analysis of the human faculties and natural reason , fitted for the %
ofispring of a free people ‘and of all rational beings. A chapter was

devoted to Pestalozzi’s plan of teaching arithmetic. '

The work of Neof and the writings of McClure served to advertise
the principles of Pestalozzi in the United States, but educational
practice was not ifluenced directly. This was particularly true in
New England before 1821, There- were leaders in education who
were acquainted with the work of Pestalozzi, and a'little later there :
were many enthusiastic disciples of the Swiss schoolmaster. Edu- |
cational  periodicals, beginning with the Academician (1818-19), :
contained many articles on the work of Pestalozzi. In 1821, when ol !
Warren Colburn puh}hhod his First Lessons in Arithmetic on the .
Plan of Pestalozzi, the Pestalozzian movement in the United States
was beginning to acqitire momentum and to influence school practice.

Colburn’s relation to Pestalozzi.—In the preface to the first edi- i\
~tions ! of the First Lessons, Colburn acknowledges his indebtedness | -
to Pestalozzi as follows: \ ' ]

In forming ami,armngim: the several combinations the author has received con- A
siderable assistance from the system of FPestalozzi. He has not,. ho'we\&' -had an
apportunity of seeing Pestalozzi's own work on this subjeet, but only a brief outline
of it by another. The plates also are from Pestalozzi. In selecting and arranging
the examples to illuetrate these combinations, and in the manner of solving questions.
generally, he has received no assistance from Pestalozzi.

The meaning of this statement becomes clear only when we cén-

- sider the meamng which Colburn attached to the words, **combina-
tions,” . and ‘‘examples 1o illustrate these eombinations.” The
“several co..binations” to which Colburn refers are the npmber
facts such as, ‘““Eight and four are how many !’ ““Three times seven
are how ma.ny? " “‘Fourteen less nine are how many t” “Eight are
how many times six?” ‘6 is one-fifth of what number?” The

/“‘examples” are practical problems about things which children can :
understand. It appears that even in the early editions of the First
Lessons, . the Pestalozzian tables, or plates as Colburn called them,

did . not always accompany the text. Colburn, in his address on &
“The Teaching of Arithmetic,” 1830, said: ‘It has often been asked . !
whether the plates which sometimes accompaiy Colburn’s Intel-

! Thiy Mknowledgment does not appear In the first edition, 1821, but doea appearin the editions of 1522

:{e; and 1836,

He
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f o lectual Arithmetic, or aﬂvd\mg 9139 of a sumlar nature, are of anv use 3
' . to the learner.” N ;
e In addition to this indebtedness to Pestalorzi, which Colburm
explicitly. acknowledges, a study of his writings shows that some of

the underlying principles of his texts are essentially identieal with
- those held by Pestalozzi. This probably means that Colburn was
acquainted with Pestalogzi's principles.  But to appreciate fully the
extent of Colburn’s indebtedness to Pestalozzi, it is necessary o
consider what he contributed as well as what he borrowed, and how
critically he selected what he used. ‘
Soon after Colburmn’s death, Dr. Edward G. Davis, to whom
reference has already been made on page 54, wrote as follows:
, s great and most interesting project, that of improving the system of clementary
¥ ingtruction in mathematical science, appears to have oocurred to him during the
latter part of his college life, and was thé subject of painful thought many years hefore
his fint work made its appearance. It required, indeed, no small energy of nund
thus to break through the trammels of early education, and strike out a new path
for Cedburn, like others, had been brought up under a system the reverme of that
which he now undertook to mature and introduce ! '

Colburn’s biographer spvs:

His Fimnt Lessons was, unquestionably, the result of s own teaching.  He nule
the hook because he necded 1t and because such a book was needed 1n the'comnunm
He had read Pestalovzi, probably. while in college.  That whi h eaited bis tuee
, that which he deemed practicable and fmportant, he imbibed and made hia own
/ He has been sometimes represented as owing his fame to Pestalovai. That in reading
the dccount and writings of the Swiss philesopher he derived aid and confidence in his
own investigations of the genetal principles of education, ix true.  But, his indebted-
ness 1o Pestalozzi is believed to have been misunderstood and oxerrated

After exdmiding carefully all of the ‘evidence which has been
obtainable, it is scarcely possible Yo improve upon the justness of
these estimates of the originalily of Warren Colburn's work.,  He died
at the age of 40. This, coupled with the fact that he did not begin
to prepare for college until he was in his twenty-third vear, and that
“he taught school only two and a half years after graduating from

Harvard, indicates the genius of the man. He had the -ability and
: courage ‘‘to break through the trammels” of traditior and of his
" | own education. With only slight assistagce from the work of Pesta-
i lozzi, Colburn pmduced a text which Fevolutionized our school
practice as no other text has done. '
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“Chapter V.
* WARREN COLBURN'S ARITHMETICS. -

The funetion of arithmetic.—Colburn recognized as of prime unpor-
tance the utiitanan value of arithmetic, but he accorded an alinost
equal value to the subject as & “*discipline of the mind.” He says:

Anthmetic, when properly taught, is scknowledged hy all to be very important as
a dicipline of the mind; s¢ much-so that, even if it had no practical application
wliich should render it valuable on 1t own sccount, 11 would still be woll worth while
o Istow & copsiderable portion of ume on 1t for this purpose alone. ~his is a very
smportant consideration, though a secondary one compared with its prictical utihity .t/

Also, 1n another place: /

Few exercises strengthen and mature the mind so much as anthmetical mlvulu/
tons, if Lie examples are made sufficient!y simple w be underriond by the pupil’
because a regular, though sitple, process of reasoning 1s requisite to perform themni,
and the results are sttended with cartainty ? : ]

Colburn emphasized arithmetic as a factor of the child's education,
and he desired that it be taught to children 5 or 6 years of age:

The fondness which children usually manifest for thess e xercisee, and the facihty
with which they perform them, seem toindicste that the science of nusrbers, o0 &
certain extent, should be among the first lessons taught them .? * ’

The First Lessons were inténded to be begun at the age f 5 or 6
and studied for three or four years, and then the pupil was to advance
to the Sequel. _ : ;

The ability to decide what operations were demanded by anth-
metical situations was emphasizged. The absence of rules, the
emphasis upon the mental processes, allowing the pupil to do the
example his own way at first and think his way through it, all are
répresentative of Colburn’s attitude. Colburn sought to make the
pupil resourceful. He also wished to make the pupil skillful in per-
forming the operations. This is shown by the large number of drill
problems. Of the first 1,000 problems, 75 per cent are abstract andl
for drill. '

THE FIRST LESSONS.

The arithmetic which: became known as (olburn's First Lessons .
was first published at Boston-in 1821, with the title, First Lessons in
Arithmefic, on the plan of Pestalozz. With some tmprovements® In

! Address, “ The Teaching of Arithmetic.” .

3 Preface to First Lessons. N g

* There {s 8 copy of the first edition in the library of the American Antiquarian Society st Warcester,
Mass, Tlr second edition, 1522, had the same title.
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second- editloq, 1822, contains ofily a few important changesTrom the ;';

first edition, although the number of pages was increased from 108 .

to 172. In the first edition only the first three sections, which con-

tain the four fundamental operations, were commenced with practical * |

examples. In the second edition ‘‘every combination is commenced
with practical examples.”” Since 1822 the body of the text has
remained unchanged, except in the revised edition of 1884, of which
we shall speak below. The Pestalozzian tables accompanied ' the
editions of 1821, 1822, and 1826, which have been examined in the

preparation of this report, but there is no reference to them in the _

editions of 1847 and later. In 1830 Colburn spoke of the tables as
sometimes accompanying the text. The edition of 1847 contains
directions for eight preliminary lessons in which the pupils are to be
taught by counting objects. Only a small part of the ongmal
preface appears in this edition.

"'1

In June, 1863, Mr. Henry O. Houghton took over the First Lessons; -

the originnl prefade was restored; and Part III, of 11 pages on
“Written Arithmetic,” was added. Otherwise this edition of the
text is essentially identical with the edition of 1826, except no refer-
ence is made to the plates which accompanied that edition. A
revised edition was published in 1884. The book was thoroughly

revised and enlarged, many of the prominent features of the earlier

_ edition being entirely lost. - Written arithmetic is mixed with the

mental, the Hindu notation is introduced earlier, the numbers 2, 3,
-4, etc., are taken up formally and separately (a tendency toward the
Grube method, q. v.), and illustrations (pictures) are used.

These two editions of Colburn’s First Lessons are still published by

. Houghton Mifflin Co., who assured an .inquirer in 1913 that they

were ‘‘still actively in print.” = The sale of the book has declined in
recgnt years, but several thousand copies are still used annually.

The company mentioned a recent single order for 1,000 copies. Its

use*extends from New England to the Western States.

v.. Colburn’s arithmetic, which is commonly spoken of as the ‘‘Sequel,”
was first published in 1822, with.ghe title, Arithmetic; Being a Sequel
to First Lessons in Arithmetic. The Sequel has no such interesting

“history as the First Lessons. - The original form was not revised.
' Whils it enjoyed. & fair degree of popularity, it was small compared

w:th tlikt of the First Lessons. Editions were pnnted in 1841, 1849,
h Jate as. 1860.

¢n of the First Leasons>—The book iteelf it dxvzded into two’

parts The first contains the examples, the tables of the common

"1 The ublu donot appear to haye been bound with the text, but separately in a amall punphlet.
* Unless otherwise stated, the desaription of Colburn's First Lesaons wilf be based upon tie 128 editicn. . .J
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{ denominate numbers, the systems of notation up to 100, and & few -
explanatory notes. Part II is called &' Key, and is primanly for - ¢
“the use of the teacher. In the earlier editions it included “‘an ex-
planation of the plates,” the manner of using them, and tha solu- o
tions of the ‘‘most difficult of the practical examples.” These prac-
tical examples were solved in such a way as to ‘“‘show the principles
by which they are performed.” .In the later editions the portion
which explained the plates was omitted.
~ The primary purposes of the book were to furnish the child with ,)
practical examples which required arithmetical operations and to
provide exercises for drill upon the combinations which the child
discovers are needed to solyé the examples proposed. With few ’
exceptions the practical examples are taken :from situations in the
life of children or from situations which. children easily understand.
The examples are about buying oranges, dividing apples among play-
mates, buying family provisigns, counting marbles, etc. There are .
a few examples from situations in commerce, but on she whole the
problems of the text stand out in marked contrast to the commer-
cinl problems with which the texts of the previous period were filled.

In addition to the practical examples, thete are well-gradetl lists of
abstract exercises for drill. They stand to the practical examples in
about the ratio of three to one. : .
ﬁ The contents of the First Lessons.—Section I, which covers 19 pages,

is concerned with addition and subtraction. Neither the addition

nor the subtraction table is given. The first article consists of very
simple ‘‘practical questions,” and in.the second article the addition
facts are called for in regular order by questions such as: “Two and
one are how many#’; “I'wo and two are how many?”, etc. In the
third article the fgme questions are repeated, but the order is varied. .
‘The answers to the questions are not given in the book. Colburn
assumes that the pupil has grasped the idea of addition from the
practical questions of the first article.. Knowing the meaning of
such questions as “Three and two are how many?’ the pupil can
easily find the answer for himself. In the process of discovery he
i8 to use sensible objects, such as beans, nuts, ete., or the plates.

, “The next article has to do with larger numbers, and in some
- instances there gre threo or more numbers to be added together.
" The numbers from 1 to 10 are to be added to the numbers from 10
to 20. In the fifth article subtraction is treated briefly, and in the
next the numbers 1 to 10 are added to the numbers 20 to 100. All
. the preceding are then combined together, and the section cloes
with a list of “practical question! which show the application of all

.

' the preceding articles.” v

Wy
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Multaphcat.mn is introduced in Section II wzth such examples ag; 0

“ What cost three yards of tape, at two cents a yard ¥’; ‘“ What cost
four apples at two cents apiece{” Colburn remarks that the pupil

will see no difference between this and addition, and it is best he .

should not at first. After a while the idea of multiplication is to
be explained to the pupil, and he is to give the solution to the prob-
fem: in this form: “If one yard cost two cents, three yards will cost
three times two cents.” The multiplication table is treated in the
same manner as the addition table. ;
Division is begun with examples such as: “How many pears, at

two cents apiece, can you buy for four cents¥’ After five examples .

of this sort, the pupil is asked, “If you have eight apples to give to
four boys, how many can you give to each?’ The pupil is not told
that this example involves division, but it is expected that ‘‘the
pupil will scarcely distinguish it from multiplication.” He is to solve

_the example by using his knowledge of the multiplication table or

by counting it out with objects.

In the second article of Section III, common fractions are intro-
duced. One-half is defined in a remark as one of two equal parts
of a thing or number. Later a third and a fourth are defined in the
same way. The pupil is given such questions as, “If an apple is
worth two cents, what is one-half of it worth?’ *What is oue—halx’

of two cents ¥’ This last'is answered, and the question “ Why ?” is

asked. The answer to this is given, “Because if you divide two cents

into two equal parts, one of the parts is one cent.”
In general, no answers and no suggestions are given to the prac-

tical examples in the text because they are ‘‘so arranged that the -

names will usually show the pupil how the operation is to be per-
formed.” But in the case of abstract examples, answers are fre-

‘quently given in this section.

The common fractions from fourths to tenths are not explained,
but they are taken up in order and the pupil is drilled on them in
this faghion:

When wheat is eight shillings a bushel, what is one-eighth of a bushel worth‘?

What are two-eighths of & bushel worth? What are three-eighths of a bushel worth?
What are four-eighths of a bushel worth? F‘we—exghths? Six-eighths? Qeven

" eighths?

When wood is eight dollars a cord, what part of a_cord can you buy for a dollar?
What part of & cord can you buy for twe dollars? What part for three dollars? What
part for four dollars? What part for five dollars? What part for six dollars? What
part forseven dollarea? How much can you buy forsnine dollars? How much for ten
dollas? How much far eleven dollars?” How much for thirteen dollars? How
much for fifteen dollars? How much for nineteen dollars?

What part of eight is one? '

What part of eight is two?

Three is what part of eight?
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Five is what part of eight? ] . '
What do you understand by one-eighth, two-eighths, etc., of any number?

Seven is what part of eight? :

How many eighths make a whole one?

Ten are how many times eight? ' :
Eleven are how many times eight? ) g !
Twelve are how many times eight?
Thirteen are how many times eight?
Fourteen are how many times eight?

B
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* Section IV contains such problems as:

1f a yard of cloth cost 4 dollars, what will 5 yards and 3 fourths of s yard cost?
A man bought 2 eranges at 6 centsapiece: how many cents do they come to? He paid
for them with cherries at 4 cents a pint; how many pints did it take? James had 8
oranges that were worth 5 cents apiece, and George had 5 quarts of cherries that were
worth 6 cents a quart, which he gave to James for a part of his oranges. How many
oranges did he buy, and how many had James left?

e

il

Problems like this last will be recognized as coming under the o
head of barter. (See p. 29.) Colburn leads up to them by prob- v
lems like the second above, but no rule or siggestion is given. In
problems like the first the operation calls for the multiplication of
a mixed number by an integer. '

Section V is devoted to such practical examples as the following, %
and to abstract exa@ples to exercise the pupil upon the combinations :
required: ' .

James had 4 apples and John had half 45 many; how many had he? If 3 barrels of
cider cost 9 dollars, what part of 9 dollars will 1 barrel cost? What part of 9 dollars
will 2 barrels cost? A boy having 12 apples. kept 1 fourth of them himself and T
divided the other 3 fourths of them equally among 4 of his companions; how many
did he give them apiece? . If 2,men can do a piece of work in 6 days, how long would
it take 4 men to do the same work? 7

In the next section the pupil is asked to find the whole when a
part is given. Some of the more difficult problems are: "

A man sold a cow for 21 dollars, which was only seven-tenths of what she cost him;
how much did she cost him? When he bought her, he paid for her with cloth at 8 ,
dollars a yard; how many yards of cloth did he give? X

There is a school in which 2 ninths of the boys learn arithmetic, 3 ninths learn
grammar, 1 ninth learn geography, and 12 learn to write. How many are there in
the school, and how many attending to each study?

The section closes with a miscellaneous list in which there are
such problems as: "

A fox is 80 rods before a greyhound and is running at the rate of 27'rods in 8 minute;

the greyhound is following at the rate of 31 rods a minute; in how many minutes will : .

- the greyhound overtake the fox? ' ' i

If a staff 3 feet long cast a shadow of 2 feet at 12 o'clock, what is the length of a pole .
that casts a shadow 18 feet at the same time of day? :

Section VII contains exercises for drill upon the multiplication
table for the numbers 10 to' 20 multiplied by the first 10 numbers, 2
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toget.her with some complications of the preceding combinations,
It is suggested that this section may be omitted until reviewing the -
book. The next four sections contain questions which call for
special cases of the division of an integer or a mixed number by s

- fraction, as; ‘‘ How many one-thirds in 41" or * How many thirds in
two and one-third?” and for the multiplication of fractions and
mixed numbers by integers in general.

In Section XII the symbolism of fractions is given for the ﬁrst
time, and exercises upon the combinations of the preceding four
sections are stated in terms of fractional symbolism. In the fol-
lowing sections these operations are taken up in the order named:
Reduction of fractions to a common denominator, addition and
subtraction of fractions, reduction of fractions to lowest terms,
division of fractions by whole numbers, multiplication of one frac-
tion by another, division of whole numbers by ftactions, and division
of one fraction by another.

Colburn remarks that the division of a fraction by a whqle number
calls for the same operation as the multiplication of a fraction by a-
fraction. For this reason he places together the problems which
require these combinations. Ie also-points out that it is difficult
to find problems which require a fraction to be reduced to its lowest
terms. - For this operation he gives only abstract examples, but he
suggests that it would be well to omit this article the first time the
pupil goes through the book, and “after ho has seen the use of the
operation let him study it.”

The tables of Federal money, sterling money, troy weight, avoir-

. dupois weight, cloth measure, wine measure, dry measure, the
measure of time, and a list of 183 misceilaneous problems are given
as a sort of an appendix.

In such problems as the following the notion of rate is expressed:

MR B 2 o R Rt
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- A man failing in trade was able to pay his creditors only 4 shillings on a dollar; how
much would he pay on 2 dollare? " How much on 3 dollars? How much on 7 dollurs?
. How much on 10 dollars? ;

Interest is introduced with a note which explains the meaning of
the term. After explaining that ‘6 per cent” means 6 cents on a
dollar, 6 dollars on a hundred dollars, or 6 pounds on a hundred
pounds, he makes the generalization that it is “6/100 of tho sum,
whatever the denomination.” The pupil is given such problems as:

The interest of 1 dollar being 6 cehts for 1 year, what is the interest of 7 dollars for
the same time? What is the interest of 10 dollars? Of.15 dollars? Of 20 dollars?
of 30 dollars? Of 60 dollars? Of 76 dollars? /Of 100 dollars? Of 118 dollars?

Finally, the pupil is given such as these to solve:

If the interest of 2 monthy or 80 days is 1 per cent, what would be the per cent for
- 20 days?. What for 40 days? . What for 15.days? What for 456 days? What for 12
2 ~ days?. - What for 10 days? What for 5 days? &
s Whltil the interest of 100 and 37 dollars for 2 years 3 months and 20 daya? i
T ATy . _ r
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- Fellowship is presented by such problems as:

Two men bought a bushel of corn, one gave 1 ghilling, the other 2 ahlllmga, what.
part of the whole did each pay? What part of the corn must each have?

Two men hired a pasture for 58 dollars; one put in 7 horees, and the other.3 homes ]
what ought each to pay? - ;

Three men commenced to trade together; they put in money in the following pro-
portion; the first, 3 dollars, as often as the secand put in 4, and as often a8 the third y
putin 5; they gained 87 dollars. What waa each man’s share of the gain?

Two men hited a.pasture for 32 dollars. The first put in 3 sheep for four months,
the second put in 4 sheep for five munths; how much ought each to pay? -

Following this last problem, which is the first in double, or com- H
pound fellowship, an explanatory note of five lines is given. In the ’
case of simple fellowship no explanation is given.

There are a fow’ 'anthmetwnl puzzles of which the following re
typical:

Said Ha.rr) to Dick, my purse and money together are worth 16 dollars, but the
money is worth 7 times as much as the purse; how muc h money was thero in the
purse? and what is the value of the purse? _

A man having a horse, a cow, and a sheep, was usked what was the value of each.

He answered that the cow was worth twice as much as the sheep,and the horse 3 times
as much as the sheep, and that all together were worth 60 dollars. What was the

value of each? &
A man driving his geese to market was met by another, who said, **Good morrow,
master; with your hundred geese.””  Says hie, I have not a hundred, but if | had

hali a8 many more as [ now haye, and two goese and a half, I should have a hundred "
How many had he?
What number is that, 1o which if its half and its third he added the sum will be 662
Objective materials.—In the Key directions are given for using the
‘Pestalozzian tables' .and other objective materials. Before 1821, .
children used their fingers, and even their toes, in learning to count,
asnd probably counted out problems on them. But this practice seems
to have been tolerated rather than recognized as a legmmat,o and
valuable method of learning number facts. Certain it is that Col-
burn was the first author in the United States to introduce objective
matorials in an arithmetic text. The plates ropresent just one type
of objects which ho used. Beans, grains of corn, picces of crayon,
marks, etc., are recommended for use and even preferred. Heo says:

The firet examples may he solved by means of beans, peas, etc., or by Plate 1.
The former meghod is preferable, if the pupil be very young, not only for the examples
in the first part of this section, but for the tirst examples in all the sections.?

Mental atidhmetic—Colburn’s First Lessons is an “intellectual”
arithmetic, i. e., the examples are to be solved without the use of
- pencil and slate or paper. The Hindu symbols for writing numbers
are not given until page 50, and methods’ of calculntmg with figlires _
are not given. Numbers greater than 100 occur in very few prob- J
lems, but within this quantitative range Colburn has treated many .

. Su p- 57 for a deacription of these tables. t Key to First Lessons, p. 144.
L4
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‘of ‘the topicé whiéh.we have found in texts of the ciphering-book

-period. A comparison reveals the following: Notation, the four

operations for integers, practically all of the important denominato
numbers and the operations upon them, common fractions com-
pletely, rule of three, direct and inverse, barter, practice, single and

" double fellowship, and interest. The important omissions are decimal

fractions, exchange, evolution, loss and gain, and alligation. The
topics omitted have to do with situations with which young children
are relatively unacquainted. Exchange, and loss and gain dealt with
situations peculiar to a professional business man. Decimal fractions
were tools of calculations 6f businees or of evolution. * Alligation was
an obsolescent topic. : .

Summary.—olburn says of the plan of this book that it ‘“entirely

" supersedes the necessity of any rules, and the book contains none."

The child is to be givefx a practical example and from his under-
standing of the situation involved he is to decide upon the operation
or operations to be performed. If he can not do this when the
numbers are made sirgple, Colburn says that he is not ready for sucli
an example. Colburn held that abstract exercises were more suit-
able {or reducing the combinations to the lovel of habit than practical
examples. _And it'is this function which the abstract examples were
intended to fuléll. ’ ' :

Upon completing Colburn’s Firs.. Lessons, a pupil was acquainted

. with a large per cent of the quant.t. tive situations which he would

probably meet in life. He had met practical examples taken from
these situations, and he hac had to decide upon the combinations to
be mnde..LIn this way he came to understand the situations so
that he knew what combinations should be made, even though the
quantities should be so large as to require written calculatio He

had learned as much of notation and the symbolisms of arithfmetic as.

he has needed. He knew the denominate quantities which he had
met in the practical examples. And he had been thorotighly drilled
upon the fundamental number facts. e

THE SEQUEL. n

- Asits title indicates, the Sequel was intended to be studied by the
pupil after he had completed the First Lessons. Colburn states in
the preface to the Sequel that the pupil may commence the First.

* Leesons as soon as he can rea'.d" the examples or perhaps even before.
- By doing this the pupil would be prepared to commence the Sequel
by the time he was 8 or 9. ‘It was written to be a practical arith-

metio, but- Colburn expected the pupil to learn something of " the

‘| *-8eience of arithimetic as he worked with practical examples.
. “In his analysis of the subject matter Eﬁﬁﬁ;meuc, Colburn.dis-
ing tween the processes of arithmetic, which he calls “prin- /i
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" giples,” and the. application of arithmetic, which he designates as
. “subjects.” To him the “principles” mean arithmetic and the
spplications. merely a field for the exercise of these principles; denom-
inate nufnbers, mensuration, percentage, interest, etc., are not taken
as the basis for soparate chapters, or even distinct topics. “To give
the learner a knowledge of the principles” is his purpose, and to this
end the problems are grouped about the principles.

Colburn takes the position that ‘““When the principles are well
understood, very few subjects will require a particular rule, and if the
pupi! ‘s properly introduced to them, he will understand them’ batter
witwout 8 rule than with one.”” For example, if a pupil under-
stands well “the relation botween a‘product and its factors in all its
phases, porcentage and its applications require no parficular rule
and will present no difficulty to the learner. At most the 'learner
will need to be told the meaning of the new terms usod in expressing
the problem. As would naturally be expected from such a point. of
view, the. applications of arithmetic do not influence nor determine
the organization of Colburn’s tox s, '

The plan of the Sequel—The subdivisions and order of the “prin- |

ciples” are unusual. Multiplication of integers’ follows addition
instoad of subtraction. In fractions, multiplication is placed firat
and is followed by addition and subtraction. Both multiplication
angl division of fractions are divided into several cases. The Sequel
is divided into two parts. The first consists of graded lists of prob-

. lems with an occasional suggestive note to define some new term or
to interpret the meaning of the problom. “'The second part contains
& development of the principles’’ based upon problems.

The two pa.;ta are to be studied together, when the pupil is old enough to compre-
hend the gecond part by reading it himself. When he has performed all the examples

in an article in the first part, he should be required to recite the corresponding article ’

in the second part, not verbatim, but to give a good account of the reasoriing. When
the principle is well understood, the rules' which are printed in italics shquld be
committed to memory. '

Colburn gives rules only for the principles snd not for the appli-

cations of arithmetic. . The table of contents of the Sequel makes no -

mention of any of the applications of arithmetic, several of which
usually have a chapter devoted to them. .
Colburn mentions the following “‘subjects” as being specifically
included in the text: Compound multiplication, addition, subtrac-
tiogand division ;' simple interest, commission, insurance, duties and
premiums, common discount, compound intergst, discount, barter,
- loss and gain, simple fellowship, compound fellowsliip, equation
of payments, alligation medial, alligation alternate, square and cubic

1 Few m‘n are given, and such as afe given are pisced at the end of & sectlon. It is intended that the
pupil wijl dsvelopthe rule as the result of ooMpx problems,before he reackes the printed statement,
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- measure, duodecimals, taxes, mensurauon, geographical and astro-
- nomical questions, exchange, tables of denominate numbers, -

Topics omitted.—Colburn omits some topics entirely. He spacific-
ally mentions the rule of three, pésition, and powers, and roots.
The reasons he gives for their omission are:

Those who understand the principles sufficiently to comprehend the nature of the

 rule of three, can do much better without it than with it, for when used, it obacures

rather than illustrates the subject to which it isapplied.
% ¢ * This (rule of position) is an artificial rule, the principle of which can not
be well understood without the aid of algebra; and when algebra is understood, posi-

“tion is useless. Beaides, all the examples which can be perfortued by position may

be periormed much more easily, and in a manner perfectly intelligible without it
Powers and roots, though amhmetmal operations, come more properly within the
pmvmce of algebra. .

It is interesting to note that some of the omissions which Colburn
made nearly a century ago are still considared debatable by some

teachers. _ .

How the “ principles” are presented.—A muasterly exposition of our
decimal system of numeration is given in which Colburm shows its
function.” Aftar defining the numbers 1 to l()’pnmns given to eol-
lections of units, he continues:

In this mdnner we might continue to add units, and to give a name to each different
collection. But it is edsy 1o perceive thal if it were continued to a great extent it
would be absolutely impoeaible to remember the different names; and it would alao he
impossible to parform operations un large numbers, Besides, we wust nec essarily stop
somewhere; and at whatever number we stop, it would still be pnwl\e to add more;
and nh\ould we ever have occasion to do 80, we should bie obliged to invent new names
for them, and to explain them to others. To avoid these inconveniences, a method
has been contrived to express all the uumbers that are necessary to be used. with very

few names.
The firet ten numbers have each a distitct name.  The collection of ten simple units

" is then considered a unit; it is called a unit of the recond order. We gpeak of the

collections of ten, in the samne manner that we speak of simple unite; thuswe say one
ten, two tens, three tens, four tens, five tons, six tens, seven Lens, eight tens, nine tens

_'These expressions are usually contracted; and instead of them we say ten, twenty,

thirty, forty, fifty, sixty, seventy, eighty, ninety.

To express the numbers between the tens, the numbers below
ten are to be added to the tens. Colburn then expluins how the
names of numbers which are used in common language have heen
derived by sucha method. After telling how a hundred and a thousand
are made up he indicates how “this principle. may be coutinued to
any extent,” and expresses his admiration of the decimal system of
numeration by saymg

H«nco it appears that s very few names serve to exprees all the different numbers

which we ever have occasion to use. To exprese all the numbers from pue to nine
thousand, nine hundred and ninety-nine, requires, properly speaking, but ‘twelve”

" different nui;es'. It will be shown hereafter that these twelve names express the

numbers a great deal further.
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The “Arabic” and Roman methods of writing numbers are care-
fully explained in 11 pages. The Roman system is given in a foot-
note, with the statement that ‘‘a short description of it may be
interesting to some.” In Part I it is not mentioned.

Although it was Colburn’s plan that the pupil should study the
First Lessons heforo commencing the Sequel, yot he wrote the Sequel
in such a way that this would not be ‘““absolutely necessary.” For
esample, in the development of addition he begins with a problem
any child who is old enough to study the book can understand.
After defining addition as putting together two or more numbers to
“axcertain what numbers they will form,” he gives the problem:
“A person bought an orange for 5 cents and a pear for 3 cents; how
many cents did he pay for both 1"’ This problem is solved by taking
the 5 and joining the 3 "'to it a single unit at a time.”

Says Colburn: o '

A child is obliged to go through the process of adding unite every time he has
oceasion to put two uughers together until he can remember the results. This,
however, ho soon learn& Yo do Yfxhe has frequent occasions to put numbers together.

He also points out that the child can not make much progress in
arithmeti¢ until he learns perfectly the addition tables up to ten.

Colburn’s development of carrying in addition is based upon the
decimal structure of the system of numeration. The first ‘practical

example calls for 24 and 8 to be added. Heo points out that 24 js

simply an abbreviation for 20 and 4. “To add eight to twenty-four,

. add cight and four, which are twelve. To twelve add twenty. But

twelve is the same as ten and two, therefore we may say twenty and
ten are thirty and two are thirtv-two.”” Threa more practical exam-
ples, cach one becoming moro difficu}, are explained in the same way,
He then defines “carrying” by spyihg: *“ The reserving of the tens,
hundreds, etc., and adding them With other tens, hundreds, etc., is
called vﬁrrying.” The principle of tarrying is further illustrated by
the following example, whose solution he explains:

A merchant had all his money in bills of the following description, one-dollar bills,
ten-dollar bills, hundred-doltar bills, thousand-dollar bills, etc.; each kind he kept
in a sepidrate box. Another merchant presented three notea for payment, one 2,673
dollara, another 849 dollars, and ano.her 756 dollars. How much was the amount of
all the notes; and how many bills of each sort did he pay, suppoaing he paid it with
the Jeast possible number of bills?

Additional illustration of the principle of carrying is given by writing
the addends in this form: 4000 +600+70+3. And finally when He is
ready to state the rule, Colburn says: “ From what has been said, it

- appears that the operation of addition may be reduced to the follow-

.

" ing rule.” c ‘

Multiplication immediately follows addition and is begun with

this example: “How much will 4 gallons of molasses come to at 34

8

g
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. number 8 must be multiplied by in order to produce 32; and in the third to see what

e _— . 3

pointed out that “if it were required to find the price of 20, 30, or
100 gallons, the operation would become laborious.” Colburn goes

‘on to say:

If T have learned that 4 times 4 are 16, and that 4 times 3 are 12, it is plain that I
nead not write the number 34 buj once, and then I may my 4 times 4 are 16, reserving
the 10 and writing the 6 unita s in addition. Thon again, 4 times 3 (tens) are 12
(tens) and 1 (ten which 1 resorved) are 13 (tens). '

Multiplication s then defined as *‘addition performed in this
manner.”

Subtraction follows imnultiplication and is presented as the roverse
of addition. Colburn begins by giving five examples which, *though
apparently different,” all require the same operation—i. ¢., subtrac-
tion. The pupil solves the fimt examples by using his knowledge of
addition. ‘

The operation for the case which requires " borrowing” is pre-

62 M+ 12

sented by writing the numbers thus: 17 is written 10+ 7

Division was considered to be a particularly difficalt topie.  Colburn
starts with some simple problems which he handles in the following
fashion:

A Doy hasving 32 apples wished to divide them oqually aniong 8 of hir companiong
How many must he*give them apiece?

If the bay were not accustomed to calculating, he would pMhably divide them
by giving one to vach of the boys, and then another, and suon.  But to give them e
apiece would take 8 apples, and one apioco would take 8 more, and s on.  The (Jues-
tion then is, to sce how many timca 8 may be taken from 32; or, which is the rame
thing. to see how many times 8 is contained in 32. It is contained four times.
Ans.<4 each. * )

A boy having 32 apples was able to give 8 o each of his companions.  How muny
cumpaniona has he?

This question, though differont from the other, wo perceive is to he performed
exactly like it. That is, it is the question to eee how many times R is contained in 32,
We take away 8 for one boy, and then 8 for auother, and w0 on.

A man having 54 cents, laid them all out for oranges at 6 cents apiece. How muny
did he buy? ' .

It is evident that as many times as 6 cents can be taken from 54 cents, m many
oranges he can buy. Ans. 9 oranges.

A man bought 9 oranges for 54 cente: How mu " *f4 he give apiece? ;

In this example wo wish to divide the number 54 into 8 equal parts, in the same
manner 88 in the first question we wish to divide 32 into 8 equal parts. Let usobserve,
that if the oranges had been only one cent apiece, nine of them would come to nine
cents; if they had been 2 cents apiece, they would come to twice nine cénts; if they
had been 3 cents apiece, they would come to 3 times 9 cents, and so on. Hence the
question is to see how many times 9 is contained in 54. Ans. 6 cents apiece.

In all the above questions the purpose was to see how many times a small number
is contained in a larger one, and they may be performed by subtraction. If we exam-
ine them again, we shall find also that the question was, in the two first, to see what

’ t g 7 i
U e v parf 3 ¥ c o ngd ] ® g9
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cents a gallon §” After the example is solved by addition, it ia.
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the number 6 must he multiplied by to produce 54; in the fourth, (o see what num-
bir @ must be multiplied by, or rather what number must be multiplied by 9, i
onier to preduce 54, ) g

The operation by which questions of this kind are performed is called division. In
the last example, 54, which is the number to be divided, in called the dvidend: 9,
which is the number divided by, is called the divizor; and 6, which is the number of

times 8 is contained in 54, is called the quotient, .

Colburn then goes on to tell how to prove division, and following

this takes up the case when the combination is not one that has

accurred in the multiplication table.

At 3 cents aplece, how many pear may be bought for 57 centa® It is evident that
as many pears may bo bought as there are 3 centa in 57 centa.  But the solution of
thix queetion’ does not appear #o easy gk the last on wccount of the greater number of
times which the divicor is contained in the dividend.  If we sepanate b7 into two purts
it will appear more vany: 57=30 427,

We know by the table of Pythagoras that 3 is contained in 30 wa times, and in 27
mne timee.  Comsequently it is contained in 57 nineteen timee, and the answer is 19
puears. :

This same method is explained for four more problems, in which
he points out how the breaking up of the dividend mayv bo doter-
mined.  He then ¢ontinues:

1012 not always convenient to resolve the number inta artsin this manner st tinet,
but we may do it ax we perform the operation

10 126 days how muny weeks? .

Operation” 126=70456. Instead of resolving it in this manner, we will write it
down &8 follows: -

Dividend 126 (7 Divisor,
_ o
. 56 10 )
S 56 8

18 quotient.

1 oheerve that~  can not be contained 100 times in 126; 1 therefors call the two firet
figures on the 1oft 12 tens, or 120, rejocting the 6 for the present. 7 ia contained mare
than once and not 80 much as twicy in 12; consequently in 12 tens it is contained
more than 10 times und les than 20 timen. I take 10 tites 7, or 70, out of 126, and
there reuwins 56.  Then 7 is contained 8 times in 56 and 18 times in 176,

The development is continued through four more problems, the
last only being abstract and having a divisor of five digits. The
rule is then stated, the last thing in the section.

Short division is presented last as-a ‘*mych abridged” method of
performing divisicn when the divisor is & §mall number. i

Fractions arise in examples which require division when there is a
remainder. For example, to tell “Ho\s many yards of tloth, at 6
dollars & yard, may be bought for ¢5 dollars” a fraction is netessary.
In Sections XII to XXIV, ihclusive, except Section XX, common
fractions are treated in detail. -(See table of contents in Appendix.)

,A conspicuous feature of this treatment is the departure from the

.

’

.
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usual order. It begins with. a section in which fgactions are manu-
factured by the pupil in selving ruch examples as **What part of 7
yards is 4 yardst”’ What part of a gallon is a pint?” *“What
part of 6 dollars is 72 cents ¥ "*What is the ratio of 28 to 919"

Impruper {ractions are required to be changed to whole or nuxed
number in solving such examples as ©lf a family consume 1/3 of »
barrel of flour in a week, how many barrels will last them four
woeks!  How many will last them 17 weeks 7 The reverse opery-
tion is requiresd in sueh as the following: “If 115 of u barrel of tlour
will serve a funuly one week, how many weeks'will 2 4715 burrels serve
thamt  How many weeks will 18 7715 serve them (" The muluph.
cation of a fraction by an integer by muluplying the numerator,
which comes in the following section, pives exereise upon reducing
improper fractions 1o whoele or mived numbers.

In Section XVT Colburn groups togethor the division of a number
mto parts, as, = Bought 43 tons of wron for 4171 dallars: how much
was it a ton ' and the multiplivation of a whele number by a frae.
tion, as, " A1 $4.20 per box whatis the cost of 14 0f g hox of oranges 7
Thase two problems require the same arithmetical aperations, In
this section are placed such problenis as:

13 varde 3 gee of Bradeloth oot S0 00, what will 7 3 ds casr?

1 the distance from Boaston o Providenes be 40 mile) how many thimes wall g
carriage wheel, the cireumbeneiee of whneh i< 40 ftonin . taen vand i oang that
distance?

What ix 4458 of a vard”

A merchant bought a quantity of tobacca for F200 00 and wold 3t s we to gn 310
of the it coet; how much did b sellig for? -

1 25 men can do s piece of work in 17 days, in how maey duy - wolb 3 nen doy

Three men hird & pratore for F42 00, the finet pat in foar horses | the second, 6,
and tho third, & What ought each to payv?

In thase problems are represented the rule ol three, desconding
reduction of componnd numbers, profit and loss, discannt, and part-
nership, All of these require nothing more than ithe division of s
whola number into parts or its multiplieation by a fraction.  The
above types of problems are presented with no explanatory notes or

‘headings. That they have ta do with a variety of arithmetieal

topics Colburn is not. concerned. But he is anxious that the pupil
Jearn the kinds of situations which call for this operation,

From the standpoint of the mathematician it 13 interesting to note
that Colburn comments upon calling the operation of this section,
multiplication, by saying, ‘‘Multiplication, strictly speaking, 1s

_ repeating the number a cortain number of times, but by extension it

is made to apply to this operation.” Division of a fraction by a
whole number and multiplication of* a fraction by a fraction are

_presented in Section XVIT. In the next section it is pointed out that

a fraction may be multiplied by dividing the denominatgr.
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Section XIX hus to do with the addmon and subtraction of frac-
tions and the nec assary reductions to & common denominator and to
lower torms.  Thoe section contains 32 oxamples, of which 21 are
practical.  The drill upon finding the common divisor, least common
multiple, and rodueing frotions 10 a common denominator and
fowest terms is nven e Sections XX and XN XNIL

Colburn’s approach to reducing fractions to a common denominator
= omteresting and is eloguent. of his goneml plan to have the pupil
s what o process s for before ha is asked to perform it.

We Obeq' ‘rved @ remarkable arcumstance m the lset arhicle. via, that 1,248 and
S0 Thiewall be feund very mportant i what follows

v manchan g woeoask of Wit sedd 1208t wt oue tane sted 1 3ol 1 at suother, how
wur b hged e et ?

Flond 5 can not Yo addat towether. boeauee the parteare of different values
Thar sum et beonere thau 2780 and fess than 2 2011 1 we have dollare and
crnvna o add toetlier we estuce e beal o pence Lot us mee if these fructions
cacnot be reduesd bt o the mame detanination . Now 12204223 8= g8, ot

The = remarkable cirenmstance”™ had come sbout from the two
ways of nltiplying a fraction. Multiplving & fraction by dividing
by s denominator gave the result in lower terms than by multi-
plv g thu numerator of the fraction,

Sections XXHT and NXIV are devoted o the division of & whole
vumher or s fesction, by a fraction. After n rather lengthy develop-
nerrt this generahization s meached: “Multiply the dividend by the
‘itnullnnulnl of the divisor, and divide the product by the numer-
ntor.”

In the next four seenians decimal fractions ape presentoad. Their

notation 15 explained as being siply an extension of the decimal

svetem e which a figure has a place value and the topie is treated
m Cotburn's inductive maner, Tn general ot appears that he believes
operations with deeimal fructions wre similar to operstions with whole

mihers . and thiy s the ade w e wishes the pupil to get. The only
sertous ditliculty the pupil 1s going to hnve, ns he sees it, i division,
und he develops this in detml, :

The lust section is coneerning circulating decinmals, a topic we did
not find - the texts of the previous period. A ciroulating decimal
is one such as arises when one attempts to reduce s common fraction
such as 17 to an oquivalent decnnal form. One will get s never
ending sequence of figures, it in this sequence certain series of
figuies will ha repeated. | After Colburn shows the vecasion for cir-
culating decimals, he explains how one may find the equivalent
common fraction when they have given a circulating decimal,  Ex-
cept for a list of miscellaneous oxamples, the text closes'with a brief
presentation of the proof of inultiplication and division by casting
out nines.

Definitions and tnformation given when needed. - We have already
pointed out ‘this feature in several mstanoes It is one of the ohief

' 81768"-]!-17-6
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' 4y -Sharacteristics of both of Colburn’s texts. Colburn’s treatment of
& percentage, interest, eto., is perhaps most typical of this feature and
of his attitude toward the applications of arithmetic. On page 21

of the Sequel, in the section on ‘multiplication, this paragraph is
given immediately preceding the first problem on interest: '

& _ Interest is a reward allowed by a debtor to a creditor for the use of money. It is r
- reckoned by the hundred, hence the rate is called so much per cent or per centum.
Per centum is Latin, signifying by the hundred. 6 per cent signifies 6 dollars on a
hundred dollars, 6 cents on a hundred cents, £6 on £100, etc,, 80 & per cent gignities
5 dollars on 100 dollars, etc. Tnsurance, ‘commission, :and premiums of every kind
are reckoned in this way. " Didcount is 8o much per cent to be taken out of the prin-

cipal. ’

Colburn evidently considers this sufficiont explanation for such
- problems as the following, for he gives nothing additional either
here or in Part I1: ‘ . ~

What is the interest of $43.00 for 1 year at 6 per cent?

What is the interest of $247.00 for 3 years at 7 per cent?

Imported some books from England, for which T paid $150.00 there. The duties
in Boston were 15 per cent, the freight $5.00. What did the books cost me? ‘

A merchant bought a quantity of goods for 243 dollars, and sold them so as to gain
15 per cent; how much did he gain, and how much did he sell them for?

‘The next mention of percentage is on page 83.° This problem is
given:

. =

A merchant sold a quantity of goods for $273.00, by which he gained 10 per cent
on the first cost. " How much did they cost? ¢

.

: Following the problem is this note:

—

10 per cent is 10 tiollars on a 100 dollars, that is’ 10/109." 10 per cent of the firdt
.cost therefore is 10/100 of the first cost: Consequently $273.00 must be 119/100 of the
first. cost.

A little farther on in the list we find the following problems and

notes: & '

A merchant sold a quantity of goodefor $983.00, by which he lost 12 percent. How
much did the goods cost and how much did he lose?
Note.—1f he lost 12 per cent, that is 12/100, he must have sold for 88/100 of what it
cost him. .
A merchant sold a quantity of goods for $87.00 more than he gave for them, hy
which he gained 13 per c@t of the first cost. How much did the goods cost him, and
how much did he sell them for?
Note.—Since 13 per cent is 13/100, $87.00 must be 13/100 of the first cost.
A man having put a sum of money at interest at 6 per cent, at the end of 1 year
- received 13 dollars for interest. What was the principal? , i
" " Note.—Bince 6 per cent i 6/100 of the whole, 18 dollars must be 6/100 of the prin-
digl. b % » : | ‘ v
+A'man put'a sum of money at intetest for 1 year at 6 per cent, and at the end of the -
-year he received for the principal and interest 237 dollars. What was the principal?
~ Note—Since 6 per cent is 6/100, if this be added to the principal it will make
106/100, thgrgfqrg *237 must be 106/100 of the principal. When interest is added to
1k principal, ‘the Whole is called the amaunt, ' >
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WARREN COLBURN’S ARITHMETICS.

What sum of money put at interest at 8 per cent will gain $53 in 2 years?, 4

Note —46 per cent for 1 year will be 12 per cent for 2 years, 3 per cent for 6 months,
1 per cent for 2 moriths, etc.

Suppose T owe & man $287, to be paid in one year without interest, and I wish to
pay it now; how much ought I to pay hinr when the usual rate is 6 per cent? ‘

Note.—1t is evident that I ought to psy him such a sum as put at interest for 1 year
will amount to $287. The question therefore is like those above. This is sometimes
called discount.

Later in the sections on decimal fractiens special methods for inter-
est are given in the same way, i. e., by means of a note following a
problem which calls for a special method.
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g Chapter VI.
. e COLBURN ON THE TEACHING OF ARITHMETIC.

»

In the preface to his texts and in his address on the teaching of
arithmetic ' Colburn has given a good presentation of his method
of teaching arithmetic. These accounts are supplemented by the
toxts. In this chapter we shall present the most significant features
of his method.

The pupil is introduced to a topic.by means of practical problems.—
Colbury’s introduction of the pupil to arithmetic is in striking con-
trast to that in the texts used prior to 1821 (See p. —.) For exam- ,
ple, the first page of the First Lessons is as follows: -

1. How many thumbs have you on your right hand? How many on your left?
How many on both together? - : :

2. How many hands have you?

3. If you have two nuts in one hand and one in the other, how many have you in

: both? 0 L

e 4. How many fingers hdve you on one hand?

- 5. If youxount thie thumb with the fingers, how many will it make?

= 6. If you shut your thumb and dne finger and leave the rest open, how many will |

Ry be open?” .

B 7. 1f you have two cents in one hand, and two in the other, how many have you
"7 in both? :

8. James has two apples, and William has three; if James gives hia apples to
1 William, how many will Williain have? i ;
& 9. If you count all the fingers on one hand, and two on the other, how many will
there be? .
' 10. George hasthree cents, and Joseph has four; how many have they both together?

, 'Ifhese"problems are followed by 22 of similar nature, and these in
o turn are followed by 163 drill questions en the combinations. This
k" plan is continued through the book. .

£ Use of symbols delayed.—One phase of the organization of the
subject. matter is Colburn’s trealment of the symbols of notation
. which seems to exemplify one of his fundamental notions of arith-
metic. For example, he wishes the pupil to learn that two objects
and one object make a total of three objects; that five plums and
four plums are nine plums, and not that the symbols 2 + 1 equal the

! This fddress was delivered before the Amerfcan Institute of Instruction In Boston, August, 1890, It
" ‘was published’in the proosedings of that soclety and was reprinted In the Elementary School Teacher for . z
« June, 1912, :
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# symbol 3, or ‘the symbols 6+4 ‘equal-the symboli9. *As & medns to- |
thid énd, in the First Lessons, the characters 1, 2, 3, etc.f are not
given until page 50, and the system of notation and nuineration ig' °
not given beyond 10 until page 69. Before these symbols and the
system of notation and numerstion are given; the pupil has le
the four fundamental operations for integers. The symbols "are’ b
introduced by saying, ““Instead of writing the names of numbers, it -4
is usuhl to express-them by particolar characters called figures.”” , '
Thus before the pupil is asked to learn number symbols, he doubtless R
has felt the need for them. 8 o

" In giving his reason for these two features (,olbum 8ays; refemng :f;a
to the contempomry practice: -, ® '

The following are some of the principal difficulties which a child has to encounhr
in learning arithmetic, in the usual way, and which are seldom overcome. Firet,"
the examples are so large that the pupil can form no conception' of the numbem R
themselves; therefore it i» impoasible for him to comprehend the’ reasoning upon: -
tham. Secondly, the first examples are ususlly abstract numbers. This increuses
the difficulty very much,,for éven if the numbers weré.so emall that the pupil could
comprehend, them, he would discover but very little cofinection between them and’

practical eumples Abstract numbers, and the operations upon them, must be - Agj
learned from practical examples; there is no such thing as deriving practical examples’ Lo
from those which are abstract, unless the abstract have been firet derived from those :

which are practical. Thirdly, the numbers are expremed by figures, which, if they
were used only as a contracted way of writing numbers, would be much more difficult ]
to be understodd at first than the numbers written at length in words. But'they ;

" are not used merely as words, they require operations pegyliar to themselves. They L
are, in fact, 8 new language, which the pupil has to learn The pupil, therefors,
when he commences arithmetic is presented with a set of abstract numbers, written -+ Y
with ﬁguree and 80 lazge that he has not the least. conception of them even whes. :
expresed in worde. From theee he is expected 4o learn what the figures signify,
and what is mesnt by addition, substraction, multiplicauon ‘and divigion; and at

»
£
¥

the mme time how to perform these operations with figures. Theé consequence is, _ -8
that he learns only one of all these things, and that is, how to perform theso Gperstipna* #
. on figures. Beo can perhaps translate the figurea into words, but this is useless
he does not understand the worda themselves. Of the effect produced by the !our +
fundargental operations he has not the least conception. s @

+  After the abstract examples a fow prectical examples are usually given, but theee
again are #o large that the pupil can ‘not reason upon them, and consequently he could
.not tell whether he must. add, substract, multiply, or d1v1de, even if he had un
adequate idea of what these operations are.

The common method, therefore, entirely reverses the natural procem for thé puptl
is oxpected to learn general pnncxplea boloro he has obta.med the particular ideu
of which they are composed.!

Oral instruction. —Just as the most oonsplouons fonture cof the -
. method of teaching arithmetic' during the oipharing-book period-wa§' ..,
the absenge’ of s textbook in ‘the hands of the pupi], sud the congé-’
" quent exclusively written anthmetw, so the mobt. oonspxcuous fent\,ii‘é -

o
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S el Colbums method is oral instruction, or the solving of exerciseséin
. the mind. ~ Colburn doesnot provide for written computations in the
First Lessons. In fact, as we have mentioned, he does not,introduce
the number symbols at all in the first third of the book. The quan-
- tities of the problems throughout the book are small enough to bring.
i the numbers within the comprehen of the pupil and also so small
' that he may solve the problems mentally. It is therefore probable
that pupils solved the problems ef the First Lessons without recourse
to written calculations. When there were no ‘“sums” to be done
on paper or slate and submitted to the teacher for inspoetion, it
T ) beeame necessary for the teacher to hear the pupils give an oral
* sqlution of the problem. Thus, at least in.the ¢ase of the Ylunger
pupils, instruction in arithmetic was largely oral after the appearance
: of the First Lessons. The Sequel was a “written arithmetic,” but
- m it close conmection is made between *‘ operations performed in the *
. mind” and the “ application of figures to these operations.”
o ‘From eoncrete to abstract.—Colburn invariably introduces a topic or
a new combination by a “practical questlon " 1In the case of a new
2 combination the “‘practical question” is followed by the saine com-
b bination in abstract form. For example, the multiplication of an
' mteger by a fraction is begun as follows:

If & yard of cloth costs 3 dollars, what will 1 half of & yard cost?

What is 1 half of 3? .
If 8 barrel of beer costs 6 dollars, what will 1 half of & barrel cost? -
- What is 1 half of 5? 3

¥ In the preface .to the First Lessons the necessity of this order in
| . teaching children is emphasized:

The ides of number is first acquired by observing sensible objects. Havmg observed
1 that this quality is common to all things with which we are acquainted, we obtiin an
e - abetract idea of number. We first make calculations about sensible objects; and we
L observe that the same calculations will’ apply to things very dxaamular and
ﬁna.}li that they may be made without reference to any particular things, Hence
fxom particulars we establish general principles, which serve as the basis of our rea-
il sonings and epable ps to proceed step by step, from the most simple to thesmost com-
o plex Opmt& ‘1t appears, therefore, Mat mathemagical reasoning proceeds as
g much uporr the pnncxple of apalytic induction as that o i other science.
Examples of any | kind ‘upon absfract numbers are of @ use until the learner
Has discovered the’ principle from practical exiimples. They are more difficult in
! thempelves, for the learner, does not see their-use, and therefore does not so readlly
- understand the Question, ‘But queetions of £ pmcncal kind, if judiciously ‘chosen,
show at once what the combination is, and what is to be effected by it. ‘Hence the
. " pupil will much mére mdﬂy'dmooverthe means by which the resmult is to bé obtained.
‘!hlﬂndhalmmwintheom@-bg reforenoetomhleqb;ects
© © When. the, pypil learns a new;combinstion: by menns of abstract egamples, it very  §
i ulﬁou , t.h.t hs. Imdenm;du pndical examples more cagily for it, because  §
. he does not diacover thé connéction until he has parformed ‘sévéral prabﬂeal exs;: |

. plesand besln'generahze them. -
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88
And it is not too bold an amertion to say that rio man ever actually learned mathe-
matics in any other method than by analytic induction; that is, by learning the prin.
ciples by the examples he performs, and not by learning principles first, and then

. discovering by them how the examples are to be performed. :

The full significance of this feature of Co‘bum”s method appears
only when we compare it with the practice of his time, It marks, as '
do other features of his work, an absolute break with the past. The g
principle is fundamental with him, and its effect is elearly evident
throughout both texts g3 well as in his method of teaching.

" Dbjective method.—In the First Lessons the pupil is_not told the
“combinations,” but he is expetted to discover them by using ob-

i:}tai{e materials, the Pestalozzian tables, or beans, peas, etc., in per-\ '

-

forphing the operations which the “practical questions” called for.

e advantage of asking the child to think in terms of concrete ob-

jects is mentioned in the above quotation. It should be noted that

* Colburn recommends the use of .objeotive Mmaterial only when a pupil
has need of if. It is not his purpose to introduce objective material
for the purpose of amusing pupils, and he intends that they shall
transcend the use of it. The objective method: next to the oral in-
struction, is the most cons‘picuOUS feature of Colbiirn’s method of
teaching. )  # ’

Assisting the pupil.—It has already been indicated that Colburn
had a definite and accurate concepgion of the working of the human
mind. ‘He also knew the appropriate manner in which to assist this
working. This he discusses in the preface to the Sequel&

When the pupil is to learn the use of figures for the first time, it is beet to explain

to him the nature of them to about three or four places, and then require him to write.

some numbers. Then give him some of the first examples without telling him what
todo. He will discover what igto be done, and invent a way todoit. Let him per- |

* form several imhis own way, and then suggest some method s litfle different from his,

and nearer the common method. If he readily comprehends it, he will be pleased

, with it, and adopt it. If he doesnot, his mind is not yet prepared for it, and shouid

be allowed to continue hif own way longer, and then it should be suggested again,

After he is familiar with that, suggest another method somewhit nearer'the common
method, and so on, ‘until he learns the best method. Never urge him to adopt any o
method until he understands it aud is pleased with it. In some of the articles it may /

L]

perhaps be necessary for young pupils to perform more examples than are given in -
the book. -~ .
One geperal maxim to be observed -with pupils of every age in mever to tell them
directly how to perform any example. If a pupil is unable to perform an example,
it is generally because he does not fully comprehend the object of it. The object
should be explained, and some questions asked which will have a tendency to rocall °
the principles necessary. If this does not succeed, his mind is nof prepared for it;
| "and he must be required to examine:it more by himself, and to review some of the .
., rinciples which it involves: It ia useloss for him to\perform it before his inind is . |
- prepared for it. After he has been teld, he is eatisfied, and will not be willing to
.. examine the principle, and he will be no better preparefl for-another case of the same
kind than he was Bgfore. When the pupil kiows that he is not to be told, he hnm‘-‘
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to depend upon himsslf; and whea he once contracts the habit of understanding
what he does, he- will pot easil®Be provailed on to do anything which he does not
understand. *

. Also in his address he speaks at length upon how the teacher
should assist the pupil:
. If the learner meets with a dit\!icultﬁ, the teacher, instead of telling him directly
how 1o go an, should examine.him and endeavor o discover in what the difficulty con-
s siska; and then, if possible, remove.it. Perhaps he does not fully understand the
i question. Then it should be explained to him. Perhapa it depends upon. some
former principle which he has learned, but does not readily call to mind. Then he -
" should be put in mind of it. Perhaps it is a little too difficult. Then it should be
- simplified. This may be done by substituting smaller numbers, or by separating jt

;_:‘_ - into parts and making a distinct question of each of the parts. Suppose the question
L were this: If 8 men can do a piéce of work in 12 days, howtlung would it take 15 men to
” doit? It might be simplified by putfing in emaller nwmbers, thus: If 2 men ¢andoa

piece of work in 3 days, how long would it take 5 men to do it? If this should still be
found too difficult, eay, If 2 men can do spiece of work in 3 days, how long wili it take
1'man t§ do it? This being answered, ey, If 1 man will do it in 6 days, how long
will it take 8 men to do it? In what time would 4 men doit? In what time would §
men do it? . By degrees, in some suchway as this, lead him to the original question, *
Same mode of this kind should always be practiced; and by no means should thy
loarner be told directly how to do it, for then the question is lost to him. For when
* the question is thus golved for him, he is perfectly satisfied with it, and he will give
himeelf no further trouble about the modé in which it is done.
s Al illustrations ahould be given by practical examples, having reference to sensible
3 objects. "Most people use the reverse of this principle and think to simplify practical
r examples by means of abstract ones. For instance, if you propuse to a child this
- simple queation: George had 5 cents, and his father gave him 3 more, how many had
-} he then? T have found that most persons think to simplify such practical examples
by putting them into an abetract form and saying, How many are 5 and 8. But this
" question 4is already in the simplest form that it can be. * The only way that it can be
made easier is to put it into smpller numbere.  If the child can count, this will hardly
be necemary. No explanation more simple than the question itself can be given, and
none is required. The reference to sensible objects, and to the action of giving, * .|
.. Meists the mind of the child in thinking f it, and suggests immediately what operatjon
'he must perform; and he sets himself to_calculate it. He has not yet learned what
“the sum of those two numbers is. He is therefore obliged to calculate it in, order to*
* anawer the question, and he will require some little time to do it. Most persons, when
such a question is proposed, do not obeerve the process going on in the child’s mind;
but because he does not answer immedistely, they think that he does not understand ~
- it, and they begin to assist him, as they suppose, and say, How many. are 5 afd 37
not you tell how many & and 3 are? Now this latter question is very much more
difficalt for the child thah the original one. Besides, the child would not, probably
parceive any chonection between them. He can very essily undertand, and the
quastion itself suggests it to him better than any explanation, that the 5 cents and 3

o

e conta axe to be counted together; but he does not easily perceive what the abstract
5.« pwinbeth 6 and 3 havg to do with it. This is & prooess of generalization which it
takeb children some time toJearn. . . - ., .

" 316l cases, expecially in the early stages, it wili be perplexing and nthe-m)um‘ma
- So'welat the learner from & practical to an abetract question for the purpose of explans-

‘tlen. +Anid ¢ is etill worse to tell him the result, and not make him find it himaelf,
th: i the question iy sufficiently simple, he will solve it. And: he ahould be allowed

o
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Butif he ({Oﬂ ngt solwe t.he‘qu’ution, it will be because he does not My comprehend

it. And if be can not be made to comprehend it, the question should be varied, either
by varying the nuinbers, or the objects, or both, until a question is made that he can

answer. .One being found that he can answer, another should be made a little varied -

and then another, and s on till he is brought back to the one first proposed. It will

¢ b better that the question remain unanswered thag that the child be told the answer,

y;.p0quently they furnish the most effectual means of promoting emulation.' They

Slee

or assisted in the operation ‘any further than inay be necesary to make him fully
understand the question. .
Itis clear that Colburn understood that a dfficulty initiates roflec-
tive thought. The pupil is at. first to meet a difficulty, feel a need,
have a problem. This is the first step. Second, the pupil is to make
his own hypothesis; the teacher is to keep hands off. Unless the

prohjem is one for which the pupil is not prepared, he will “invent” a ~

way to solve the problem. It may be a crude one, but nevertheless
a method which will control the value. The thought process involved
here is that of making hyputheses and verif ying them. The instruc-
tor is in the background. Colburn would have hjs function to be
that of explaining to the pupil the meaning of the problem and its
demands, and ‘to see that the pupil was finally made acquainted
with the best method of solving the problem. 5

Inductive snstruction.—In the titles of both of his arithmetics,
Colburn dxplicitly states that the method of presentation is inductive
rather than deductive. Hig_indyetive development is not formal
and mechanicdl, but hero as elsewhere, ho has grasped the manner of
the working of the human mind. The complete texts must be
studied to appreciate fully the quality of his inductive developmens
of a topic, but the development of division in the Sequel will give an

idea of the charm of Colburn’s inductive treatment of a topic. (See .
- P74) o

This is a8 near redl induction as it is possible to get in a textbook. =

The pupil is given problems which he can understand aad appre-
ciate; the first he may solve in a crude fashion, more difficult prob-
lems force him to make hypotheses, and the rule is delayed so that
the pupil has had an opportunity to test his hypotl@sis empitically..

~ As a consequence, the pupil probably has discovered the 4ppropriate

rule before he reaches the statement of it in the text.
Class instruction.—During the ciphering-book period, the instruc-
tion of necessity was individual. Before 1821 the need was being

keénly felt for a more expeditious manner of teaching arithmetic, '

The attendance was increasing very rapidly, and arithmetic was
beginning to be tanght quite generally to all pupils. This condition

- made it necessary to instruct the pupils.in groups. Colburn not

only advocated elass instruction, but gives’ sugg¥itions as to the
technique. _ ., .
It {s chiefly at récitation that one scholar can compare himself with another; con.
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] are an excellent exercise for theacholar, for forming the habit of expressing his fdess
Y properly and readily. The scholar will be likely to leamn his leason more thoroughly
' when he knows he shall be called upon to explainit. They give him an opportunity
~todiscover whether he undemstands his subject fully or not. which he will not alwnys
be sure of, until he is called upon to give an account of it. Recitations in arithmatic,
when properly conducted. produce a habit of quick and ready reckoning on thespur
of the occasion, which can be preduced in no'other way except in the businese of
‘»  life, and then only when the business is of a kind to require constant practice. They
are therefore a great help in preparing acholars for business. “

.- Directions concerning recitations must be general. Each twacher must manage

the detail of them in his own way. . .

. In the first place, the scholar should be thoroughly prepared hefore he attempits
- to recite. No leasous should be received by the teacher that are not well learned,
H this is not insisted on, the scholar will soon become careless and inattentive.

It is best that the recitations, both in intellectual and written arithmetic, should
bein classes when practicable. ~ It is best that they should be without the book. and
that the scholar should perform the examples Trom hearing them read by the teacher:
Questions that are put out to be solved at the recitation should besolved at the revita.
tion, and not answered from memory. The scholams should frequently be required
to explain fully and clearly the steps by which they solve 8 question and the reasons
for théem. Recitations should be conducted briskly and not sufiered to lag and
become duli. The attention of every scholar should be kept upon the subject, if
poseible, so that all shall helr every thing that is said. For this it is neccesary that .

" the questions pass around qhickly. and that no lS-holnr e allowed a longer time w

¥ think than is absclutely nepessary. 1f the lessor}is prop-red as it should be, it wili:
not take the scholar Jong to give his answer. Itiis not well to ask one scholar too
many questions at a time, for by that there is danger of losing tho attention cf the rest:
It is & good plan, when practicable, so to anage the recitations that every acholar
shall endw to solve each question that is proposed for solution at the time of the
recitation. This nay be done by propoaing the question without letting it be known
who is to anawer it until all have had time to solve it, and then calling upon someone
for the answer. Nofurther time should be sllowed for the solution; but if the scholar,
, o called on is not ready, the question should be immediately put to another in the
same manner.'

He also shows a trace of the monitorial system when he says"

It will often be well to let the elder pupils hear the younger. This will be a use
exercise for them, and an asistance to the instructor. :

- 'Te_achz'ng pupils to study.—Colburn recognized the value 6T ¥8aching

pupils how to study. He eays:

- There is one more point which I shall urge, and it is one which I consider the ninst
' imporal't. of all. It is to make the scholars spudy. I can give no direcgious how to
doit. Each teacher must do it in his own way, if he doesitat all. He who succeeds
in making his scholars study will succeed in making them learn, whether he dows it
by punishing, or hiring, or persuading, or by exciting emulation, or by making the
stuties so interesting that they do it for the love of it. It is useless for me to say
-whichiwill produce the best effects upon the scholars; each of you may judge of that
for yourselves.. -But this I my, that the one who makes his scholars study will make
them learn; and hé who does not -will nof make them learn much or well.: There

3 Address, “The Teaching of Arithmetic.”
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never has been found a royal road to learning of any kind, and I precume there never
will ba. Orif thero should be, I may venture to say that learning so obtained wilj
not be worth the having. It is a law of our nAture, and a wise one o, that nothing
truly valuable can be obtained without labor.? )

?
Ln another place he suggests some necessary conditions:

- Thir subject also suggests a hint with regard to making books, and especially those
children.  The author ahould endeavor to instruct by furniching the learner with
occasions for. thjpking and exerciging his own reasoning powerz, and he ahould not
endeavor ta thirk and reaaon for him.. It ia often very well that there should be a
reyular course of reasoning in the,book on the subject taught: but the learner ought
not ta be compelled 1d pursug it,'if it can pomibly be avoided, until he has examined
the subject and come to a conclusion in hisown way. Then it is well for %him 1o fol-
low the reasoning of others, and seehuw they think of it ! )

..Vutivatidn-.-—;\Jﬂmugh Colburn recognized that there were several
ways for making arithmetic interesting, he selected the problems
which especially appeal to children and caused them to feel a nead
for a process or definition before it is givyn.  The types of problems
are’well illustrated by, those already given. A fealing of need for the
process is created by introducing each topic by problems.  The very
plan ‘of dividing the texts into two parts, and thus separating the
problems from the development of the principles, operates to create
motive for the study of the principles.  Even in the development of
the principles, the rules are not stated until after the explanation of
the operation which is itsell based upon & problem., Whatever drill
seems necessary is not given until after a considerable number of
practical problems have been solved by the pupils.

But even’these devices de not rop'resent all that Colburn has done

e motivata the arithmetic work, His style of writing and his ability
to sce things $rom the child’s point of view assist materially in this

-respect, and the way he guides the learner in the development of the

’

principles adds a touch of genius tg the whole work. The following

" is from the Sequel,.p. 193: .

A buy wishes to divide § of an oranke equally between two other boys; how much
must he give thept apiece? . » )

If he had threo oranges to divide, he might give them one apiece and then divide
the other into two equal parts, and give one part to each, aud each would have 14
orange. Or he might cut them all into two equal parts each, which would make six

parta\and give three parts to each, that is, 4=11}, aa before. But according to the

questjon, he has § or 3 pieces, consequently he may give 1 piece to each, and then cut

the other into two equal parts, and give 1 part to each, then each will have { and § -

of §. But if a thihg be cut into four equal parts and then each part into two equal
Parts, the whole will be cut into 8 equal parts pr eights; consequently } of § is §.
Each will have } and } of an orange. Or he may clit each of the three parta into two
equal parts, and give } ¢f each part to each boy, and then each will have 3 parts, that
is§. Therefore § of § is i Ans . 5 T

’

! Addross, “ The Toaching of Arithmetie
\\/
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" Two more problems are similarly explained, though somewhat
more briefly. He then draws a conclusion as follows: )

In the last three problems the divisivn is performed by multiplying the denomi.
nator. 1ngeneral, if the denominator of a fraction be multiplied by 2, the unit w1l by
divided into tiwice as many parts, consequently the parts will be only onechalf w //
large a8 before, and the same number of the small parts be taken, as was taken of (l!P/
large, the valuse of the fraction will be one-ball as much.  1f the denominator he vyl
tiplied by three, each part will be divided into three parts, and the same number of

‘parts be taken, the fraction will be onethind of the value of thefiret. Finully'i( the

. ‘denominator be multuplied by any number, the parts will be s many timogsmaller.

Therefore, to divide & fraction, if the numerator can nut be divided exagtly by the
divisor, multiply the desvminator by the divisur.

’
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/PART UL THE INFLGENCE OF WARREN COLBURN IN DIRECTING THE,
7 DEVELOPMENT OF ARITHMETIC AS A SCHOOL SUBJECT. ACTIVE
PERIOD, 1821-1857; STATIC PERIOD, 1857-1892.

Chapter VII.
ARITHMETIC AS A MENTAL DISCIPLINEi

During the first half of the nineteenth century the growth of cities,
tho rise of manufacturing, the invention of machines, new modes of
travel and transportation, and other factors comhined to produce a
demnud for a higher degree of education than had been YI6cossary
whon lifo ‘was more simple. At the same time, the home began to
contributo less to the child’s education. As a consequence there
camo to be a new concept of the purpose and scope of the education

- pravided by the schools and an awakened interest in public achools.
This movement which has been known as “the common-school
revival” was mget prominent between 1835 and 1850. The interest
in tho work of Pestalozai, which we have noted in Chapter IV, the
prodiction of texte by American authors,' and the extension of -the

*public-school system to include primary schools and high schools
were phases ‘of the larger movement.

The productien of arithmetio texts by American ¥uthors, the
modification of the content of arithmetic, the extension-of the in-
struction in the subject, and the attempts to provide texts for young
children were elements in the genersl development of arithmetic as a
school subject. in ‘the United States. This movement had been grow-
g sinco the closn of the Revolutionary War, and the adoption of a
Foderal money wis a phase of the “great awakening.” In the three
procoding chaptefs we have told of Colbum’s centribution. It is
the problem of tlis chapter and the two fallowing to show in What -
wnys and to whal extent Warren Colburn augmented and directed
this development.; . T

The limats of the period.—The importance of Colburn’s First Lessons
justifies the selection of 1821 as marking the beginning of this period
in the development of arithmetic as a school subject. Following this '
dato thore was'a period of very rapid dovelopment. New types of
texts appoared.” Some of these were revised frequently to keep pace .,
with the growing ideas of the time. But, beginning about 1860, these
revisions ceased; and after this date it is seldom that we find & new !
type of text which attained any importance. .

7

-1 Arithmet(j texts by American sutbors have been mentioned an page 14.
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There was no great ovent, such as tho appearance of Colbum's
First. Lassons, to mark the close of this period. At times from 1521
to ‘1892 innovations were attempted, some acquinng & considerable
following. Howovgr, after about 1860, thero was no essential chanpe
in tho aim or content nor modification in the mothod of teaching
which was not local or merely temporary until well toward the close
of the century. Then now types of texts bocamo popular and re-
placed thoxe which had been used for over a quarter of a contury,
Also radical clangos in the mothed of teaching wore unmd. - Soversl
ovents indicata that the date of this tmansition was nbout 1800, Wa
have chosen 1502, the date of the Roport of the Committa of Tun,
Although this report denlt only incidontinlly with arithmetic, it was
the official declaration of ¥the teachom of the United States and
marked the alignmant of a numbaer of gur greafest educators on the
side of arithmetical mform. .

The dato marking the end of the proce s of formalization and the’

boginning of a stationary period i hkewise difficult to dotermine

with.exactnoess.  We have chosen 1857, tho date of the last of a -]

serics of mvisions of Rayvs arithmeties,  Just prior to this date,
revisions of Rav's anthmotics were frequent, but in 1857 a form was
attained which was not alterod wntd 1877 and only ‘shghtly then.
Other texts and ovents do not, i gonoral, specify the date 1857, but
they agree in indicating the heginming of a mlnnwl\ static poriod
about 1860. In view of the popularity and the widesproad and con-
tinued use of Ray's arithmetics it is appropriato that we select the
date marking their maturny.

Mental arfthmetic'-~ The arithmotic of thn preceding pnnml WwaS
confined to calenlations with written symbals.  Thero were no ox-
amplos or probloms in which the quantitios wore sall to be solvad
without tho use of pencil or pen.  In fact, the subjoct was frequenuls
spoken of as “ciphering.”  Colburn intendod thdt the problams of
his First Lossons shonld he solved without the aid of writton symbuls,
and he constructed the book iff such a way that this was made

‘necessary unless the toacher aupplemenu\d the toxt by instructions

" "

in_“written arithmetic, P

After 1821 the more popular npthmotm, wero issued in the form
of aseries. Usually one book of such a series was devated to mental
arithmetic. A fow. authors united the two types of arithmetic in
the same text. Mental arithmetic was universally tayght, frequently
in a course paralleling the one in written arithmotic.

9

_ VThe term “mentsl arithmetic” hecame quite generally used to designate that arithmetic which did
not t5vol ve computations with written sypatols. ‘Colbaurn and some ot her authors used the term, “ intal

lectual”’ of “mental,” and still called this type of aritlimetic, “oral.” Tho use of the lerm,

‘“mental art ,” bas been criticited an the ground that arithmetic which inv alves caleulations with
wrjtten sym juxt ss truly mental as that which dges not, but the term hay been lnd is still so gentf™
ally ubed that 1t3se hore (s justified and will serve to avold confusion,

.
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- ot suitable for young children.  Thus when arithniotic was taught

- educatijonal agency than it should have been. Consisting mainly of rules and grethods

Terts for young children. —The texts of the preceding period were

to them no text was used in the hands of the pupils. 1t was only a
fow veams prior to 1821 that there was an attempt to provide a text
SMor young childron!  But soon after 1821 many  priuary books
sppesred and w series of arithmetics was not complete unless it eon-
taned & text specifically intonded for voung children, “There were
texts prepared to precede Colburn’s First Lowsons, which Colburn
unned was simple enough for childeen 5 or 6 years of ape.

Most of the primary texts embodied the use of objecta.  In many’
of them there werw pictures in which the pupill was to count the
miuber of objects.  In some teoxts examples were representod
graphieally by means of marks, dots, ete., or by aotual pictures of
the objects mentioned in the exercise, -

Arthmetic as a mental discipline . - Throughout the preceding period,
A we have shawn, arithmetic was taught because of its practical
value in cortain trades and comwmerce, A disciplinary funetion of
aritinnetie was emphasized by Poestwlozzi, who balieved that it was
to b attained by dedl upon a set of abstract axenises which were to
be ~olved by the use of his tablos or other sensible ehjects, Colburn
recognized mental diseipline as one of the Muportant functions to he
reahized from the study of arithinetic. The recognition of the dis-
ciphinaey mm'lim), particularly as attached to mental arithmetic, grow
after the appearanece of Colburn’s First Lessons until it overshadowed
the other functions.  Davies gays in the preface to his Schoel Arizh-
metee, 18551 1N the preparation of this work, two objects have boen
kept coustamly in view: First, to mako it cducational; second, to
muke it practical.”  The educationad value which Davies has in mind
Tiere s mental discipline. doseph Ray says in the preface of lus

.

hacllectunl Arithmetic, one-thousandth edition, 1860

Byate mental anthmetic) sOidy loarners are taueht 1o rewmn, 1o sundyze Yo think
for themsely e, while it imparts confidence in e reasoming powers aid strengthens
the mnental facultios. ' !

Davies puts it somewhat’ more foreibly in'lus Intelectunl Arith--
metic: .

Fas the objeet of this buok to tran and develop the hind by means of the scjence of
outihers. Numbers aro the instruments here employad to strengthen the memaory,

o rultivate the faculty of abstraction, and to sharpen und develop the reasoning
powers. a
In the New Nogaeal Mental Arithmetic, by Edward Brooks, 1873,

the nuth ys:

L “ . .
The aciend®f argnetic, until som_at recently, waa much less useful as an
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. - :
of oparatiops, without presenting the reasons for them, it failed to give that high
degree of mental discipline which, when properly taught, it is so well calculated to
afford. But a great change has been wrought in this respect; s new area has dawned
upoh the science of numbers; & ‘“‘roval road’’ to mathematics has heen discovered,
so graded and strewn with the flowers of reason and philosophy that the youthful
learner~can follow it with interest and pleasure; and one of the most influential agents
in this work has been the system of mental arithmetic.

The importance of this change can hardly be overestimated. The study of mental
arithmetic, introduced by *Warren Colburn, to whom teachers and pupils owe a debt
of gratitude which can never be paid, affords the finest mental discipline of any study
in the public schools. When properly taught, it gives quickness of perception,
keenness of insight, toughness of mental fiber. and-an intellecinal power and grasp
that can be acquired by no other elementary branch of study. An old writer~on
arithmetic quaintly called his werk ** The Whetstone of Wit.”" Mental arithmetic ig,
in my opinion, truly a whetstone of wit. Tt is a mental grindstone; it sharpeus the
mind and gives it the power of concentration and penetration.  To omit a thorough
course of mental grithmetic in the common achool is to deprive the pepil of one of the
principal sources of mental power.

Arithmetic as a science. -Since the time of the Greek philosophers
arithmetic has been conceived of both as an art and as a science,
or as some futhors put it, as practical arithmetic and theoretifal
arithmetic. The writers of the texts which were used during the
ciphering-book period usually recognized both of these aspects of,
arithmetic, but they seem to have Hone so mainly for traditional
reasons. In the schools arithmetic was an art. ~ But in this period
a number of texts became colored with a philosophic point of view.
The theorotical part of arithmetic was given more emphasis. The
prinéip]eé were more carefully formulated, and special attention was
given to their interrelation and organization into a logical systom.
Greenleaf in the National Arithmetic (first pubhqhml 1835, revised
1847, 1857) gives elaborate lists of definitions, axioms, and principles,
and a chapter on properties of numbers.” By some writers the
“science of numbers”’ 18 used synonymously with arithmetic.!

Arithmetic, the important school subject.—By reason of more simple
texts and by reason of the emphasis upon the disciplinary function of
arithmetjc, its relative importance as a school subject grow during
this period. It became the custom for pupils to reccive instruction
in arithmetic when they began to attend school, which in some cases
was before their fourth birthday.?

Frequently, mental arithmetic was recognized as a separate sub-
ject, and two periods a day were given to arithmetic itf sgveral of the
grades, in some schools from the third or fouth grade to the eighth,
inclusive. William B. Fowld saidyin 1866: ¢

Arithmetic is the all-absorbing study in the public schools of Maseachusetts, and,

probably, in thoee of every other Btate. As far as my observation goes, it occupies
more of the time of our children than all other branches united.®

1 8ee the citations frem Davios and Brooks, quoted ubove,
2 Clifton Johnson: Old Time Schools and School Booky, p. 37. -
8 The Teacher’s Institute; or Familiar Hints to:Young Teachers, p. 45,
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.

Another writer said:

Having such prominence, the subject came to be taken as tho basis of gradation and
of promoting pupils.'

It is difficult for tho teachers of to-day to realize that arithmetic
hus not always been one of the fundamentals of the school curricu-
lum. There is the general impression that the curriculum consisted

of the three R’s until 1t was enriched by the addition of the more '

modern subjects. Hence we fail to appreciato that it was not until
ths second quarter of the nineteenth century that arithmetic was
accorded its place in our schools as one of the traditional educational
trinfty. .

Inductive method.—The complete title to Colburn’s First Iessons ?
contained the phrase, ‘““on the inductive method of instruction,” and
this method was a conspicuous feature of his texts. During the active
period from 1821 tQ 1857 cauthors frequently included some reference
to the inductive method in the title oft their texts. In the construc-

<tion of their- texts many followed closely Colburn’s plan. Some au-
Thors adhered to the deductive plan, and after 1857 the texts, even
those which had previously embodied the “inductive method,”” were
generally organizeddeductively.

Skill' and thoroughness.—Increasing emphasis was placed upon skill
in performing the operatiom of arithmetic. This is testified to by
the increased space ngen to drill exercises and the publication of

“ Lightning Calculators,”” which were numerous in the iast half of the

century.” In the preface to the New Intermediate Arithmetic, Felter
says:

This book is designed to make-the pupil quick and accurate in calculation, and to
give him & knowledge of those prigciples and processes of arithmetic which are needed
in the ordinary traneactions of life, together with skill in their application.

To accompligh this, the drill card axercises are arrunged to furnish any desired
amount of practice in computation; while the processes and analyses leading directly
to the rule, together with the number, gradation, and character of.the practical gxam-
ples, give the knowledge of necessary principles and skill in their use.

Felter says in the preface to An Introduction to Arithmetical Analz/-

sig; “The importance of being thorough in the elements of amhmetxc '

can not be too often impressed upon the teacher.’

In brief these are the significant features of erithmetic as & echool
subject in this period. In each of thom there are evidences of Col-
burn’s influence. In the next chapter the important texts of the
period are deseribed, and in them we shall see more clearly the mﬂu-

»ence of Colburn upon the arithmetic of this perlod

« 1J. M, Greenwood: Principles of Education Practioally Appmd, 1887, p. 154,
1 Edltion of 1826, -
81758°—17 7
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In this period, arithmetic was usually presented in a series of three’
books for the common schools and a higher arithuietic which was

primarily for academies and colleges. While there was no absolute
unifotmity in the planes of division of arithmetic in the common

sehools, yet in general there was, first, & primary arithmetic which’

covered the work pursued in the primary school, whith varied from

two and one-half years to four years;eccond, an intellectual, or mental

arithmetic; and third, a text often designated as “practical,” or
“common school,” and which was a complete text in itself. In case
a text became at all popular, it was provided wit} wfor the use of
tha teacher. The originally distinct line of cleavage between mental
arithroetic and written arithmetic became less and less distinet by
reason of combining the two, which was especially popular in the
latter portion of this period. ‘ ae ¢ '

Two classes of texts of this period will bo described; fisst, those

“which were widely used and hence exemplify tho practice of the

times, and second, other mmportant texts. This second class con-
f;ains texts which werc not used as extensively as the firgt class, but

.which indicate the course of development. The extensiveness of the

use of a text has been determined by ‘consideripg the number .of
editions through which the text passed and the length of time it was
‘before the public.

For description the texts have been grouped under authors. The
order is determined by the date of the first text by an author.

ARITHMETICS WHICH WERE WIDELY USED.

Warren Colburn’s First Lessons, 1821, which we have dederibed,
‘Wwas' the most extensively used. mental arithmetic during the active
portion of this period and must be counted among important texts of
the entire period.

Frederick: Emerson (1788-1857), who wiote the North American
Arithmetics, was for a number of years a teacher ih the Boston public
schools, later principal in the depertmerit of arithmetic at Boylston

- - 8chool, and finally supefintendent of schools, The Part First ap-

peared in 1827, Part Second in 1832,sand Part Third in 1834. Part
First is. distinctly an elementary book, and the author states, ‘‘The
C 94 . ’ - .

: 2o . e o . e
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slate and penil are not required in the parformance of the lessons
contained 1 Part First.” The first part of the Part Second consists
of oral arithimetic, and the yecond of written arithmetic. Part Thind

“is designed for advanced scholars, and as such is a scholurly presen-

tation of the subject froin a mature point of view.

As soon as the series was complete, it displaced Colburn's texts in
the Boston schools, and the North American "Arithmeticx, Part First,
wns an alternative text as lute ns 1866-67. The eries had heen
used in Chicago preceding 1866. In an edition of Part First, 1t is
stated that it has been adopted in Boston, Salem. Portland, Provi-
dence, New York, Philadelphisy and Louisville. T have -examined

' copies of Part S¢cond dated 1832, 18390, 18481854, and of Part

Thitd dated 1834, 1844, 1850. Part Third appeared in two forms,
Poth copyrighted ‘in 1834, Oneof these is announced as revised and
enlarged.  The enlargement is uS]ist. of questions for examination.
Otherwise the series does not apj car to have been revised. .
Charles Davies (1T98-1876) graduated from the Military Academy
at West Point in 1815, Hg was professor of mathematics and hatural
philosophy in that jnstindion from 1823 to 1837, and professor of
mathematics in Trinity College, Hartford, 1839 to 1841. Later he,
tuught mathematies in the normal school nt Albany. N. Y., and was
professor of higher mathematics in Columbia College, New York City
from 1857 to 1867, when he was made emeritus professor.  Davies's
primary arithmetic was published under the title of First Lessons in

Arithmetic in 1840. There is also w Primary Tubl Book, which -

nppears to have been published separately at first. In 1856 the
primary book is advertised as Davies Primary Arithmetic and Table
Book.  Davies Intellectual Arithmetic was first vopyrighted in 1838
and rocopyrighted in 1854, 1863, 1881. The practical arithmetic
was first published in 1833 under the title Common School Arithmetic.
In 1838 it was “eudarged and naproved™ and called Arjthnietic De-
signed for Academies and Schools. In the preface of this edition
Davies describes the book as an “clementary treatise.”” In 1848
this was revised and callqd Davies’ School Arithmetie, and in 1855

another revision changed the tile to Davies' New School Arith-

metic.  Later a **New Series of Arithmetics” was prepared, and the
School Arithmetic became Practical Arithmetic and n new work,
Llements. of ‘Written Arithmetic, was nddad to the series. The first
cdition of the University Arithmetic was published in 1846, It passed
through many cditions and was often reyised. Greenwood says:

(L presentation demanded

a revision, the publishers and suthors st once complied.”

In 1912, the following arithmetics by Charles Davies were listed
by the American Book Company: Primary Arithmetic, Practical
> Arithmetic, Elements of Written Arithmetic, and University Arith-
%, metic.

I
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Davies prepared *‘a full analysis of the science of mathematics, "
and explained “in connection the most improved raethods of teach.
ing.” This was published in 1850 under the title, The Logic and
Utility of Mathematics. This was based upon the system of mathe-
matical instruction which had been **steadily pursued at the Mili-
tary Academy (Weost, Point) for over a quarter of a century.” In
describing this " system of mathematicnl struction,” Davies sav:

It is the emsence of that system that a principlo be 1aught bhefore it is applied m‘
_practice; that general prinziples and. general laws be taught. for their contemplation
+ is far mote improving to the mind than the oxamination of isolzted propasitions,
and that when suck prinvi;;l(\s and such lawe are fully comprebénded, their appli
cations be then taught as cdnsequences or practical results Vo
~ This vi(w education led, at an early day. to the union of the French*and Eng
lish wystems of mathematice. By thix union the exaqt and beautifnl methods of
generalization, which distinguich the French achool, wére blended with the practi-  ~ .,
cal methods of the English aystem.!

. . -
And he sums it up by saying: y

And in that system (at the Military Academy) Mathematics is the basis? Seiepee
precedes Art; Theory goes before Practice; the general formula embraces all the
particulare, e

This system was the basis of Davies's arithmetics.  In them, arith-
metic s first a science.

In estimating the work of Charles Davies, Greenwood Savs:

The influence of Dr. Daxies'n writings on subsequent authon in this country can
hardly be overestimated. It may be very properly regarded as the beginning of a
revolution in schoolbook making. Simplicity and extreme clearnesa became the
leading ideas in the minds of authoms, whogtudled how to be undenstood by children

and young people.? ’

Joseph Ray (1807-1855) entered the Ohio Medical College in Cin-

cinnati in 1828, graduated, and became a surgeon.  In 1831 he be-
" came a toacher in Woadward College and professor of mathematies

in 1834, This position ho held until the institution was changed to
. Woodward High School in 1851, when ho became president.

Ray's primary book was first published in 1834 with the title,
Bay's Tables und Rules in Arithmetic and sold for 6 cents. In 1844 4
it was remodeled and became Part Firgt, of Ray’s Arithmetical
Course. Sinco then it hus been revised in 1853, 1857, 1877, 1903,
and has appcared under several titles. In 1857, it was called Pri-
mary Lessons, in 1877, Ray's New Primary Arithmetic. The in‘el- -
lectual arithmetic was first published in 1834 under the title, "he
Little Apithmetic; Elemeéntary Lessons in Intellectual Arithmetjc, on the

- Analytic and Inductive Method of Instruction. In 1844, it was en-
"~ " larged and called Ray's Arithmetic, Part Second; in 1857 it was
g ! Preface. o

1 *James M. Greenwood and Artemas Martln, :‘Notos on the History of American Textbooks ea Arith.
metie.”” Rept. U. 5. Commis, of Ed., 1897-98, p. 839,
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known as Intellectual Arithmetic, by Induction and Analysis; and in
I877 a8 Ray's New Intellectual Arithmetic. Under this last title it
was copyr'ight.ml in 1905.  Ray's Eclectic Arithmetic on the Inductive
and Analytic Methods of Instrietion was first published in 1837, In
[84:4 it was “carefully revisod” and called Kay's Arithmetic. art
Third, and in 1857 it was again revised and ealled Practical A=ith-
metic by Induction and Analysis. In IN77 it became Ray's New
Practical Artithmetic.  In 1879, a two-book Series was issued, Ray's
New Elementary Arithmetic and Ray's New Practical Arithmetic. This
seTies was rovised in 1903 and the word " new ™ changed to ‘modern.”
Ray's Higher Arithmetic was published in 1856, the, vear after Dr.
Ray™s death.  The text was comploted and edited by Prof. Chatles
A Mathews. . It was revised und ealled Ruy's Now Higher Arithinetic
i LES0, '

Of all the texts of this period, the €bries by Juseph Ray has en-
joyed the most. extended and continued use. Rav's arithmeties bo-
came popular soon after their first publication in 1834, and it seems
that their popularity increased rapidly for a number of vears.  Until
within the last quarter of & century, no arithmetics were published

which supplanted them wexeept locadly,  Kven now (1913), after.

more than a decade which hias been characterized by texts of another
(ype, they are still a widely used series of arithmeties,  The Averago
veurly sale for the last ten vears lias been approximately 250,000
copies. ' )

J. M. Greenwood sums up his estimate of Joseph Ray and his work
m these words: .

" To many it has appeared strange why Kay's Arithmetics Muve wuch & hold on the
popular mind. The reason is, [ think, obvieus.  br. Ray was. in a large sense, a

welf-made mathematician and o gelf-made teacher  He had loarned well the leswon of -

seli-help, and ju the prepartion of his hooks he always kopt before himself all the
ditlicultios he had experienced in mastering each topic. No one knew better just
*hen and where and how to bear down on certain point. lu un eminent degree bhe
pubsessed that mare combination of assindlation und cleur prosontation. e knew
how to make the subjects atjek !

Benjainin Greenleaf’s (1T86 1564) {irst. book, the Netional Arith-

. metic, Combining the Amalytic and 8 yuthetic Mithods, was piblished in

1835.  Greenwood says: “It soon bocame a favorite treatiso with
teachiers who preferred sound .ttainmonts in this science, The first
edition was exhausted within u yenr.’* It was rovised in 1836, 1847,
wid 1857, but the “general plan of the work was never changed.”
In 1836 it Was-announced as ** Forming a completp mercantile arith-
metic, designed for schools and academies.” The edition of 1857 has
the title, The National Arithmetic, on the Inductive System, combining

the. Analytic and Synthetic Methods; Forming o Complete Course of

L 1 0p. cit., p. 840,
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Higher Aritlmetic. 'The Common School Avithmetic or Introduction to
the National Arithmetic, waa first published in 1842 and reviged
1848 and 1856. It s modeled closely after the National Arithmetic
A Mental Arithmetic on the Tuductive Plan was tirst. published in 1851
and revisod i INAT and 1863, The Prmary Arithwetic was fipst
published in 1857 and was revised in 1861, B

In INTS there were advertised Greenleaf's New Comprehensive
Series, and Umformity Arithmetical Sertes. The former consist
wmg of the New Primary Avithmetic, New Fl, mentary Arithneetic, and
New Practical Avithectic: the ntter of Greenleaf’s New Primary

" Arithietic, (reende af's New Intellectual Arithetic, v cndeaf’'s Coni-
;nvn Sehool Arithmectio - and Greendeatl s National Arithoetic,

About this tune theve appenred o seres desartbed as beg = on
the basis of the work of Bo Greenleal ™ swineh was copyrighted by
Ho B Muglothhn, who assisted Mo Greenleaf 1 revising the Na
tional Artthmene 1 18557, The textsom thisseries ave: First Lessons

can Numbers, Oral and Weitten, \SXU: Manval of Intellectual Arith
metic, 1ST7; Briof Course in Arithmcdtic, 1581 und New Practical
Arithmetie, 18746, .

In 1912 Greenleal' s anthmeties were published by Benj. Sanborn
Co.. under the tides, First Lessons. Coneplete Aritlndtic, and Brice
Course «n Arithmetic, ;

Tn the preface to the Natonal Arthnete, Jn3a0 Greendeaf eriu
eizes the system of arithinetie proposed by Calhurn.

N
An opinion has prevaited among sane teachers that the ]mpil-shuuld have no rale
- to perform his questiona by, but should form all his rules himself, by nere iud. ton
Thix plan might do very welt could it ba carried into erieet. But af the expenence
of the author has beew afany service to hum, one thing it has taught him is that, o
given tile, a student willacquire meee knowledee of asithetic hy having some plas:
rules given Wim, with exaaiples, than he will withont them, espeerdby i be bo
quired to grive an analysis of a suitable mmber of questions under cach rule,
He also tinds it necessary to explin why he retuns such topies
. as practice, progressions, position, permutations, ete,, = which some
arithmetic s of the present day, have hod aside ns useloss,” s
TeRson 18:
For though some of these rules ate not of much praetical atility, ver, as they are well
-adapted w improve the reasoning powers, they ouht not, in the author's julemens
to be laid saide by any who wish to become thorongh urthmeticians
In a later edition he states that chief among the “many improve
ments on former vdit}nns” are ““elearer definitions, more rigid analy-
ses, and briefer and more aceurate rules.” 7=
James Bates Thomson (1803-1883) wrote a series of arithmetics
which were among the. most popular during the middle of the cen-
¥ tury, Tite books of the series were: Practical Avrithmetic, 1845;
. Mental Arithmetic, 1846; Iligher Arithmetic, 1847, Tuble Book, 184%;
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Rudiments of Arithmetic, 1852; and Arithmetical Analysis, 1854. In
addition there was a Commercial Arithmetic, in 1884, The Practical
Arithmetie 43 deseribed by Greenwood as being “one of the best.
arthmeties ever offered to the publie.”  All of the texts passed
through many editions. Tt was stated in 1859 that 100,000 copies
of Thomson's arithmetical works were eireulated anmaally ' A new
sertes v o books, First Lessons in _Arithmetie, Oral and  Written
Avithmetic, and the Conplete (raded Arithmetic. Oral and Written,
was prepared by Mro Thomson ind published in 1852, just prior to
his death, :
- Jodon FOStoddard (1825 18T published his first arithmetie in 1849,
atd we are told that up to 1860, 1,500,000 cophes [of his arithme-
tes] had beenssued, add the wnmnual s<ales exceeded 200,080, 7

The Jurcwde Movital Avithmdtic, 1544, was designed 10 be wn intro-
duction o the bwerican Tntelleetual Arithmdtic which was pub-
Bshed the siome vear: The first was revised in 18537 and the latter in N
ISG6. Bar these revisions were made  without any changes which
vizhi interfere with its use in the same classes with previous edi-
Gons.”" There wad another revision of the American Intelloctunl
Aothmetie in iS00 The ttle was changed (o Stoddard’s Ve
Ttellectual - Arithonctic and the book contains much hew mattor,
Stoddurd™s Practical Arithuctio, 15520 was revised m 1865 and be- -
came the New Practicel Arithnetie. Another revision was made in
1ok Ahs arithmetienl series also ineluded  Pietorial Primary
_liﬁllfh;di(: Rudinends of Arithmetie, 1862 Complete  Arithmetic:
Nehool Arithdtic, 1864 Ready Beckoner, 1851 Philosophecal Arith-
uietic, 1833, ’

Stoddard particularly cmphusized nental or intelleetual arith-
metie. He suvs s the preface of the Ameriea:. Tutellectual Arith-
metie, dated 1860

That intellecraal arithmene, when properly taneht, 1w hetter caleulated than any /

mteand develop the reasoning faculties of the mind. to prodace

cther sfudy oo
acenrate and close diserindnation, and tensble the pupil to sequire 2 knowledge of
the higher muthematios with greater ense, can .‘\('lll’('l‘:’_\' admit of a donbr, .
Greenwood savs of the New Inteleetat Asithmetic, * This book
15 one of the very best mental arithmeties publhished.” - The rule
which the nuthor savs he has followed s, 2 Tell bat one thing at a
time and that i its proper places’ .
James Stewart Faton (1316 -1365). =The series of arithmetics ij .
James Stewart Katon consists of High School Arithneetic, 1857; Pri-
mary  Arithmetic, 18605 Common Schoot Arithmetic, 1863; Intellee- -
bual  Arithmetic, 1864, Elements of Arithmetic, 1863. In 1879
Eaton’s arithmetics were revised by W, F, Bradbury and published
under the titles, Bradbury's Faton's Flementary Arithmetic, in"two

’

L Op. cil., p. 7L $Op. olt,, p. 852
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parts, and Bradbury's Eaton's Practical Arithmetic. The Comnyn

“School Arithmetic was advertised as being in print in 1912, 1 have

a cony of the High School Arithmetic, dated 18575 but copyrighted
1857, which has this complete title, “*A Treatise on Arithmetie, Com-
bining Analysis and Synthesis, Adapted 0 the Best Mode of T
struction in Common Schools and  Academies ™ Eaton describes
well this text when he sawvs in the preface:

It has been the guiding principle to be clear, briel accumte, lieal  Suhjes e
wmaned. fimst, with reference to their dependence, and, secondly, with rofdrence 1.
their importanee and smplicity  the Yess duheoult and mere practe s fimt and the
more intneate amd lew important afterwanis

The Primary Arithmetic s bandsomely idlustrated.  Greenwouod
says of the book:

Thia arithmetic was pnblishal by Mesms Brown and Tygmrd in b 8 ¢
The object-leson nfothod in primary instructon 1 very priminent i this heek
The engravings repreasnt the abjecta with which the cluld i familiar. The sim o)
the author is to lead the young papi} to a hnowledee of the rudiments of numbers 1
the wse of sensible objects mther thwn by uninterruptad dhill oo the tahdes T

Lbook s simple iu lancuage, proresive in arrangewent, aad well adaptnd 1o ol

mentary inftruetion !

The Common School Arithimetie follows the <ame general plun as
the High School Avithmetic. T diffees from it m b more pra
tical and designed to meet the wants of the higher grades --l' s
mon and grammar schools. I the Intelleetual Avthinetie, Faton
attempts to build upon the Pestalozzian me thml Tidhe preface he
S8YY:

The Pestalozzian or inductive method of tesching the acience of numbers 18 biew
univerally approved by intelligent teachers. The fint attompt in this coundtry 1.
apply this method to mental arjthmetic resulted in the pullicnti®iof Collurn's 1y
Leasons, 8 work whose stccess s ot exceadod joomerits Fowas however, a useln |
experiment rather than u perfect reahiza@on of the indactive svstem of instrey
That the subsequent books of the xup@ clase and purpose Lave faded o corre s 1o
defects, and thue meet the demand t created, ia .hn& evidently 1w their departuee
frum the true theory us developed md exemplinied by Pestalozzi The suthar of
this work has endeavored w hinprove upon all his predecessors by adbering more
closely than even Colburn did to the original methad of the preat Swine eduieator
and by preseiiting at the same time, in a pragticsl und attrsetive foru, suech fproy o
ments in the application of his principloe us have stood the tt of enlightuned
perience.

In the spirit of the inductive method conerete numiem wanters apphad 1o
physical objecta~have been largely employed in treating b cach topic, as the only
fit preparation for the exercises upon abstract numbers, which are far more diticult
for the youthful mind to grasp.

In this text the addition facts are in this form, **Two yid one are
how many ¥’ and the general organization of the book is similar to
that of Colburn’s First Lessons.

L Op. dt,, p. ues,
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Horatio N Robingon (1806- 186'7) soems to have been a mathe-
matieal genius, At the nge of 16 he made the astronomical ealen-

T, nons for wn almanac, At the age of 19 he heenine professor of
mathematics i the Naval Academy . which place he filled for 10 voams.

His farst maathemationl beok was s Cniveretty Algebra in 1847, Fol-
lowing this he wrote an I:’Ie'llm’nm;‘g/ Algehra 18475 Natural Phidosophy,
IS Elementary - Astronamg, IS8 University Astror oni, 1849
Coametra condavning Trigonomdtry wid Conie Sections, 180 Surcey

»

iy and  Nareigation, ING2 Coneise . Matlhomatical - Oparations: A4,
Practical S:(]Ul'l to Muthematies and .1.\‘(1‘1’14:”;@/, INGL

Robinson’s series of arithimeties meludes nimeraus Giles  Green-
wood ves the following hist:

Prowrestis e Primary, Ishe, Progresase Intellectoal, i80S Provresave I'ractical,
s, Progresive Higher, d80 Pramesay e Tulde Book, 12 Rodanents of WAt ©
ter Anthauetic, sde, First Lessees ) Mental and Wtten Anthanete, 1870, Junior”
Clase Anthietie, 18T 1 kmmm of Anthasetic, O and Watien, 1577 New Tuble
Newk, 1450, Robita's Shorer Conre. hm.lhx-k, 1870 Begnner's Book, 1w,
Shorter Complete Arithmetic, 1874 Findt Book (special esditions, ineg

Athough many of these teats passed threugh severa) editions and .
huve been revised, only very fow changes have been minde from the
el fors. Forexample an s copy of the Rudioets o Wridton
Ardlonctie whoel boaes the copyright dutes of UNas 1863, wned 1877
o eestited that there hus been no chunge froim previos editions g
A sular statement wonmde o copy of the Progrossoee Practical
which bears thessame copyright dates,

The Fiest Lessons, Junior Cliss Anithinetic, Elements of Anthmoetie,
and New Tuble Book were specin] adsptations 1o meet loent needs,
A specind editton of the Fist Lessons was issucd-for the St Lons

]\lllllu' schouls T 1SS0 The Rodunson series of urtthonetes §s ot
present publishea by the American Book Cal A ady ertised 1 tuy2,
the series consisted of 16 nitles,

Daniel Wo Fish assisted Mr, Robinson e the preparation of s
texts, particulurly ui the revisions. Iu INS3 Fish published o two-
book series, Number One und Nuoidber Tiwo, 1t was stated that these
belonged to the RoLinson seriex, and they were of the same general
Lype.

In apeaking of the Pregressaive Tntellectnal .~\."i!h’|m'lu‘. Huhi'ns.(:n
SN).\I

The srrangement snd asattication are more strictly svatematic and in wecerdanee
with the naturd order of msthematicad scienee

One of the most impommt and, it is thought, one of the st ariginal aid ureful
features of this work is the full, coneise, and wniforu syatem of .mal)m it contains,
the result of lung experience in the schvolroom. Q

— —c =
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In the prefaoe to the Progressive Practical Arithmetic'he statm E
that his purposs has been—
to prosent the subject of arithmetic to the pup:l more a8 a acience than an srt: 1o
teach bim wicthods of thought, How to rvason, rather than «haf 1o do; 0 give unity,
system, and practical utility to the science und ari of computation:

' These at.au\ments are desoriptive of Robinson's arithmetics,”

- kdward Brooks is another arithmetician whose original texts were
adapted to conditions without very much change and appear in
several forms. Originally tho series consisted of Normal Primary, -
Arithmetic, 1859; Normal Mental Arithmetic, 1858; ‘\urmal Elementary
Written Arithmetic; Normal Written Arithmetic, 1863. This series

_ was revised about 1875 and becamo Ner Normal Pramm‘c/ An!hmqu,

« New Normal Elemeniary Arithmetic, New Normal Mental Arthmetic,
New Normal Written Arithmetic. 1n 1878 in the \uxnml Union Series
oral arithmetic was united with written arithmetic.  This appears to
have been done to satisfy popular demand, and Mr. Brooks himself
was undecided as to which was the bo_uer'phm After discussing the
‘advantages and disadvatages of a ugpion series, he says.

What will be the final adjustment of. this matter it is dificult tu deide. The
present tendency for combination is an examplo of history repeating itsell. Soon
after the mothod of arithmetical analyais, now taught in mental arithmetic, was e
sented, several asuthors published textbooks combining mental and written exen-iss.
among whom may be mentioned Enjerson and Roawell O, 8mith. Those books were
very popular for a while, but the public taste changed, and the two subjects hoewe
separated, and mental arithmetic took its place alonguide of written arithmetse, and
Ras maintained it for many years.” At present thero is a demand for the combination
of the two in one book.” Whother this demand will be permanent or, like 8 new
fmhmn, will change again io a few years, time alone can decide.!

*° Mr. Brooks published another serien, Normal ]t’udnnrn(s of Arith-
metic, and Normal Standard Arithmetic.  These aro advertised us ' two
entirely new books embodying Dr. Brooks's lifetime experiences in

- common-school work.” Brooks's Normal Higher Arithinetic, 1877,

b was dosigned ‘‘to make the student a master of tho theory of arith-

Avetic.””  In addition Mr. Brooks wrote Af: thods of Teaching Arithmetic

and Philosophy of Arithmetic. The former was  printed with the Keyto,

Union Arithmetic, and portions of it were reprinted inhistexts. Brooks’s

arithmetics are still published (1912) by Christopher Sower (o,

Brooks’s concepuon of arithmetic was essentially the same as that

of the authors wé hive mentioned in the preceding pages.  Arithmetie™

was primarily a science whose function was to discipline the pupil,

and iy was best accomplished by making the subjecs logical, concise,

. andstentific. .

oo Other Important Arithmetics.*—The first four texts we shall mention_~

were published in the deca.de immediat,ely following 1821. Their §

* 1Ksy to Unioa Arithmstio, p. 9.

i } Wor & complets list of the texts of this period ses J. M. Oreenwood and Artemas Martin; *“ Notes on the
o demuM"M U. 8. Comumnis. of Bdue., m«um +B
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suthors stated explicitly, either in the preface or the title, thet the

text was based upon Pestalozzian principles. - : Cov
« William B. Fowle, The Child’s Arithmelic or the Elements of Calculation "in the

Eprit of Pestalozei’s Method, for the Use of Children betwoen the agee of Threo and
Reven Yours, 16260 't ) - -
Ruswell . Smith, Practical and Mental sArithigetic on w New Plan, in which
« Mental Arithmetic is combiinad with the use of the slale; contining a’ complete .
system for all practical purposcs; being in dollmmdoeqta; 1R27. 2, O .
Martin Ruter, The Juvenile Arithmetic and Scholar's Guide: whervin Theory and’
¢ Practice aracombinad and adapted to the Capacities of Young_ lleginners: containlog
a due proportion of examples in Foderal Mooey |, and the whale being illustreted by
Numerous Questions aimilar to those of Pentalossi, 1827 )
James Bym, The Pestalozzian System of Arit}‘:melic, w29 ¢
Adams's New Arithmetic, by Dimmiel Adams, author of the'Seholar's
* Arithirdic, was published in 1827, Ttds deseribed on the titlé page as
~ being a text “in which the principles of operating by numbers are
analytically explained and synthetically applied ; thys combining the
advantages (o bo derived from hoth the inductive and synthetia v - |
modes of igstructing.” . L
The New- Federal (‘aleviator, by Thomas T. Smiley, 1828, is
described ds” being "in appeasance a twin 1o Daboll's Arithmetic.”
H It passed through severnl editions and was still printed in 1899 by
J. P. Lippineott & Co. The extended use of this text shows an
eleraent of conservatisim. -, o

Elementary ".essons in Intellectual Arithmetic, by James Robinson,
1830, was designed as an *introduction to Colburn's First Lessons and
uther arghmetice.”  The number facta are preseiited objcotively. .

Peer Parley's Methed of Teaching Arithmetic, by*S. G. Goodrich,

P 1533, 1s an interesting primary prithmetic. : o

Georga Perkins published  Higher Arithmetic, 18415 Primary
Arthmetic; 1850; and Practical Arithmetic, 1851.  Georgo P. Quack-
enbos builded upon the texts by Perkins in 1863 and following.
Many of the problems in the Pragtieal Arithimetic are made up of
important statistics and valuable facts in history and philosophy.

A series of arithmetics was published by Horace Mgpin and Pliney
E.Chase: Elements of Arithmetic, Part First and Part Second, 1850 ; and
Arithmetic Practically Applied, 1850. In addition Mr. Chase pub-
lished the following under his own name: 7The Good Scholars Fasy
Lessons in Arithmetic, 1845; the Elements of Arithmetic, 1844; and
Common’Sehool Arithmetic, 1848. The last two of these are specified
as being ‘‘on the plan of Ppstalozzi,” and the series is sometimes called
a Pestalozzian sI;ies; = ¢ : :

George A. Walton, assisted by Electa N. L. Walton, published a ki

|- - series of arithmetice in the sixties. Laterin 1878 and 1884 George A. '/
" Walton with Edwin P. Seaver wrote the Franklin Arithmetics, which 2
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" - embody Pestalozzian ideas. A festure of both these series of .arith- 3
metics is the provision for drill. A separate book, Arithmetical Prob- °
leing, 1872, by George A. Walton, contains over 12,000 problems for
drill. ' :
A series by S. A. Felter was first published in tho yoars from 1862 to
1877. A prominent feature is the provision for drill. '
The content and.organization of the texis.—The series of arithmetics
by Joseph Ray has probably been the*most popular and the most
extensively used texts of this period. The series is also the most
_representative of ' the content and organization of the texts of this
period. In the following description we shall follow Ray’s arithme-
tics, quoting from others only to emphasize a trait or to show the
presence of a tendency which later modified the subject. c

Primary arithmetic—Warren Colburn intended his First Lessons
to ba & first text for a pupil, but it.seems that, despite the very simple
beginning, pupils found the book very difficult.!

The Child’s Arithmetic, by W. B. Fowle, 1826, is a little volume
of 104 pages. He states in the preface ‘‘that this manual is prepared
in the spirit of Pestalozzi’s method, and is intended as an introduc-
tion to the more advanced work of Colburn, which has wrought such a
revolution in our own schools.” The book is in threo parts. T'he
first has to do with numbers from 1 to 10, the second with numbers
10 to 20, and the third from 20 to 100. The first lessons contain ex-
plicit instructions for teaching ohildren to count by using objocts.
They are taught to count out many of the number facts before
they are given any practical examples. The praotical examples
are very similar to the simpler ones in Colburn’s First Lessons. The
book is a teacher's manusal rather than a pupil’s text. The plan is
for the teacher to take the initiative; the pupil is to do what he is
told to do. On the whole the book possesses no distinotive merit.

Emerson’s North American Arithmetic, Part First, 1829, was a
text in which “illustrations by the use of cute” is made a very con-
spicuous feature in an attempt to exemplify tho object teaching of
Pestalozzi. Pictures of various objeots are used—apples, cherries, |
trees, pears, hats, lamps, houses, horses, chairs, fishhooks, pins, -etc.
In many cases simply marks or stars are used. All conorete probléms
in the book, except miscellaneous problems, are graphically repre-
sented. Not all of the number facts are developed in this way, but
such .as are, always precede the formsl statemént and drill. 'This .

" makes the form of the book inductive, althéugh it is not noticeably
80 in spirit. ' The Hindu numerals are introduced in the very begin-
ningand :are used'in stating the problems. The pages of the book
are attractive in-appearance and doubtless appealed to ‘the child.
Onithe whols:it is & jprimary arithmetic of considerable merit.

3 Qlifton Johnson, Old Time Bobools and Bchool Books, p, 37.

3

PP L T (L SRR

LT Y ;) L VR gy SN
e CE gkt s S g B e i

e




o

ERIC

Aruitoxt provided by Eic:

e g (i L R 5 g
T R T N T .. Geltiy

FORMALIZED PRSTALOZZIAN ARTTEHMETICS,

The: relation of this text to Pestalozzi is given by Bmerson in the.
preface. He says: CoL
, The plan of the loswns accords with the method of instruction practiced in the
achool at Stans, by the celebrated Pestalozzi. The method of illustration, by the use o

of cuts, and the location of unit marks under the question, it is hoped, will be found
to he an improvement.

The book was evidently designed to he used before a pupil com-
menced such a book as Colburn’s First T.esons, since it was intro--
duced immediately into the Boston schools, apparently without dis-
placing the First Lessons which was then in use. :

Peter Parley’s Arithmetic is a quaint little volume. Its lessons are "
““Abont dogs,” “‘About soldiers,” ‘‘About, money,” ‘‘About a baker's
shop,” etc. Each lesson is headed by an appropriate picture. The
following lerson, ‘‘About a cat and her kittens,” is typical:

Here is & cat with four kittens. She has been out in the field where she has caught
a bird; this she has brought home and given to the kittens. She has also caught &
mouse, and one of the kittens is playing with it. Pussisa sly creature, and she kills
a great many little birds and mice. Her foot is 80 eoft that she can walk without
noise, and her eyo is 8o formed that she can see as well in the night a8 in the day. - > &
When all my littlo readers are asleep, she steals forth into the meadow or the wood, s
and woe to the mouse or bird that falls in her way. 3

L. Tt 1 cat killa 2 birds in a day, how many will 3 cats kill* 47 57 6?

2. 1f B kittens eat 2 mice in a day, how many will 10 kittens eat?

3. If & cat divides 4 birds between 2 kittens, how many will each kitten have?

4. If & cat kills 3 birds in a week, how many will she kill in 2 weeks? 3 weeks? ¢
5weeks? 5 weeks? &o. : - ol

6. If & cat kills 7 birds and mice in a week, how many will ghe kill in 14 days? : w-f
4 days? 4 days? &ec. n;

6. If one cat kills 5 mice in a week, another 3, another 7, another 4, and another 2, P
bow many do they all kifl? o

7. 1f 4 kittens have devoured 18 mice and 12 hirds in & month, how many has each :
devoured? :

& If theroare 2] miceina houm‘, and a cat kills 17 of them, how many are left? ’ 7
9. If there are 18 mice in-a barn, out of which a wease! kills 7 and a cat, 11, how many
are left?

In Elementary Lessons in Intellectual Arithmetic, by James Robin- e
son, 1830, the illustrations consist of a figure 1 placed in small squares. e
These ‘‘are designed to bé used as counters, in ‘performing practical -
questions.” Every fundamental number fact is illustrated in this :
manner. : :

A little lator the primary texts came to conform to & rather fixed
type which embodied many of Colbumn’s ideas. The problems were e
very simple and about things from the pupil’s life. They were tobs -, :

. 8olved'by means of objects and in the mind. There weré no-rules or,
. definitions. - Usually- the texts were illustrated by means of cuts. ;_’:;_.
,}.-,'Ray’s Arithmetio, Part First, was advertised in 1843 as containing 5

i very simplo lessons for little léarners, illustrated with amusing pie- .7
é‘bures,” 46 oats, dogs, rabbits, bays, girls, eto.”" {n ';no'th'ex; place - -
e s b e I TN DR
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A reference is made to it being “illustrated with about 1,000 pleasing A
3 pictorial counters.” The content of. these primary texts sometimes -
i included some of the more common and simple tables of denominate

% numbers. During the latter part of this period their content was

i increased, and they were made more formal. Illvstration by cufs

i disappeared. In Ray’s New Primary Arithmetio, 1877, there are

only four pictures to illustrate the problems of the text, and all the
tables of denominate numbers are given except those obsolete.
Piece-meal treatment of the fundamental number facts was the char-
acteristic foature of the general organization. For instance, in -
$, multiplication an entire ‘‘ leeson”” was devoted to the table of two’s,
another to the three’s, etc. ‘ . "
Mental arithmetic.—Colburn’s First- Lessons was the pioneer in this
field. The mental, or intellectual, arithmetics by other authors were
2 patterned closely after this prototype. The oral arithmetic of Part
Second of Emerson’s North American Arithmetics is commensurate

%\,‘ ~ with the First Lessons and we find much similarity. * The main dif-
go farences are: Hindu numerals are used from the beginning, the tra-
e ditional order of topics is followed, and some use is made of pictured

objects for illustration, especially in the presentation of fractions.
The book is inductive in form as well as in spirit, being very similar
« . to Colburn’s in this respect. As in the case of the First Lessons,
; a number relation is given first in & practical problem and is followed
by the same combination in abstracted form. For example:

1. A lady divided 15 peaches among some little girls, giving 3 to each girl. How
manly girls were there?
Solution. As many times a8 3 peaches are contained in 15 peaches, so many girls

were there.
g 2.-If you had 18 cents to lay out in pencils, and the price of the pencils was 4 cents
L apiece, how many could you buy for all the money?
3. How many times is 4 contained in 16? - .
. 4.4 horses are required to draw one wagon, how many wagons might be drawn
= by 20 horses? )
- 6. How many times 4 in 20?7 How many are 5 times 4?
4. What became Ray’s Arithmetic, Part Second, was first published

. in 1834 under the title, The Little Arithmetic; Elementary Lessons in
Intellectual Arithmetic on the Analytic and Inductive Method of In-
struction. In the preface, dated March 1, 1834, he acknowledges his

- indebtedness to Pestalozzian influences by saying:
8o far aa the plan of the work is concerned, we make few pretensions to originality;

we tread in the footsteps of Pestalozzi, and shall rejoice if this work should be the
ineans of making more extensively known the principles of the analytic and inductive

4

. mdthod of instruction. . o ‘ . 5
® ° The book begins with numeration, .and the numbers 1 to 10 are 0 |
.+ represented pictorially by means of apples. The Hindu numerals are %§

b, BY

e

‘along with, their names. The numbers up to 100 are given k-
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_before addition, but it is suggested that the numbers from 51 to 100 J
* ““may be omitted until the pupil has m:.Je some progress in*addition,” i

A table of 100'atars arranged in the form of a square is used in teach- %
ing the pupils to count. They ‘“may also be used. as counters, though
' .the fingers are generally to be ‘prefurred.”  Addition is begun with
such examples as:

James had one apple and his brother gave him one more. How many had he? 7 g
“Then 1 and 1 are how many?. :
James had two apples and his brother gave him one more. How many had he?

| Then 2 and 1 are how many?

There are 25 more questions of this type, and the suggestion is
made that the teacher make up many more. The additinn tables are
then given and are followed by 5 pages of abstract drill and 14 prac-
tical problems. The section is closed with a statement of the defini- _
tion of addition in question and answer form,

Subtraction, multiplication, and division are presented in the same
I genoral way. Fractions are introducéd with the suggestion that “for. .
illustration, the teacher should be provided with a number of apples.”
Halves and fourths sre pictured as parts of apples, and the first
problems are concerning apples. It the following lessons the teacher
is advised to use other. illustrative materials. The first lesson on
fractions is made up of questions such as, ““If you divide an apple
mnto four equal parts, what is one part called? What are two p
culled? How many fourths in one apple? In two apples?
three apples?” “How many fourths in one apple and one-fourth
of-an apple?” The next lesson takes up in order the fractions from
halves to tenths in this manaer.

BTN
22

11 an apple be worth 3 cents, what is one-third of it worth? Whalt is 2-thirds of it
worth? ~

What is one-third of 37 What is 2-thirds of 3?

If an orange is worth 3 centa, what part of the orange will 1 cent buy? What part
will 2 cents buy? 5

1is what part of 37 Ans. 1ie the 1-third of 3.

2 is what part of 3? Ans. 2 is the 2-thirds of 3; that i8, 2 is 2 times the one-third
of 3. o I
If a yard of cloth cost 3 dollars, how much can you buy for 4 dollars? How much

for 5 dollars?
4 are how many times 3? Ans. Once 3 and the third of 3.
5 are how many times 37 Ans. Once 3 and 2-thirds of 3.
6 are how many times 3? 7 are how many times 3?
8 are how many times 37- 9 are how ‘many times 3?
4 10 are how many times 3? 11 are how many times 37
Following this there are problems of division like ‘57 are how
;. many times 6369798999109 and problems of multiplication guch
28 ‘8 times 6 and 2-sixths of 6 are how many $”’ These two questions
4 are then combined in one exercise and in later Jessons there are ex-
g,smples which call for operations of the following types: ““7 is one-
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fourth of what number#” ‘‘What is 2-thirds of 121" ‘‘4-fifths of

25 are how many times 61t Thees operations are, in general, in-

troduced by practical examples. Abstract examples are then given

for drill, and more pmtic&lzgxamples for application. At the end

89 miscollaneous problems aregiven. . :

The lust section of the text is devoted to the tables of Federal.
money, ' dry measure, wine measure, Troy weight, apothecaries’
_weight, avoirdupois weight, long measure, cloth measure, square
measure, measure of time, and sterling money. The plan of treat-
ment is first the table and then questions for drill.  Most of these
are in the farm, *‘How many quartsin 1 peck? 2% 31 41" Only
a few of the questions approach praetical problems. : '

In 1843 the Little Arithmetic was'révised and enlarged and was
Y published under the title ‘‘Ray’s Arithmetic, Part Second.” The
first 54 pages aro identical with the first 57 pages? of the Little
Arithmetic except that the first problems in addition, subtraction,
E multiplication, and division are illustrated by small circles. Begin-
ning on page 55, fractions are presented again more formally, but -
the author still retains much of the form and spirit of the earlier
.- pages. -~ The fractions are represented by dividing a ‘‘yard of tape.”
Pages 97 to 144 are given to ‘' Practical Arithmetic.” This includes
noiation and numeration up to nine places, the four operstinns for
integers, reduction, and the four operations for denominate num-
bers, simple proportion, or the rule of three, and simple interest.
In general, the presentation is formal, a single practical problem
followed by the definition, explanation of the solution, statement
of the rule, and abstract exercises for drill. Practical problems as
‘applications aro placed last.

In 1857 Ray’s Arithmetic, Part Second, had the. title, “Intel-
lectual Arithmetic by Induction and Adalysis.” The important
changes are ‘‘appropriate models of analysis and frequent reviews,”
the introduction of percentage, gain and loss, intorest, and their
applications, and the addition of a number of difficult problems.
The **appropriate models of analysis” are given following the first
problem of a lesson and again when a new type of problem is encoun-
tered; There is & tendency to place the abstract work before the
G prac..w! problems. This is particularly true in the topics which
s hav:: been added.

{- . The edition of 1877 contains fow significant changes. Objective
* illustrations are omitted. The presentation of fractions is more
j _ formsl, the definition being given first and the logical order is

approached. The space given to percentage and its applications

is incressed. s O 5 |

1 Compare thess exercises with the ones used by Pestaloctl. Bes p. 8. Ray lollowed Pestaloxdd even

# Thess pages Mclnde all of the taxt except the section devoted to decominate pumbets. £
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The.content of the mental arithmetics {ollowed very closely that.
" of Colburn’s First Lessons. The four operstions for integers and. .
for vulgar fractions, a few of the most important tables of depomi-
nate numnbers, percentage, and interest would serve well as. a table
of centents for any mental arithmetic. The only change necessary
waould be in the ordor and emphasis. ’ - '
The topics, as in the case of Ray's text, are presented in vary
much the same fashion as.in the First Lessons. Each js introduced
by practical problems, which ara followed by abstract ones for drill.
This order is almost invariably retained, even in revised editions
and texts publiched well toward the close of this period. The plan
of-following a practical problem by the same combination with
abstract numbers was not followed except during thw active period,
and the number of abstract drill exercises were rolatively less during
the static period. Much space was given to review questions, mis-
cellaneous problems, and promiscuous examples. This was an
evident attempt to secure thoroughness.

The -practical problems are eseentially of ‘the same quality as
those in Colburn's text. In fact, those of some of the texts bear &
very -close resemblance to thoge of the First Iessons. Toward the
close of the period there is & noticesble increase in the difficulty of
the problems. They were made more difficult in two ways: First,
the magnitude of the quantitics was made greater; second, the |
problems themselves were made intricate. “The extent to which
this was carried is shown in the following problems selected from
Ray's In,t-eHactuu] Arithmetic, one thousandth edition, 1860:

A hare is 100 leaps bafore a hound and takes 5 leaps while the hound takes 3, but
3 leaps of the hound equal 10 of the hare: how many leaps must the hound take
to catch the hare? o

A trout’s head-is 4 in. long, ite tail is aa long as its head and 4 of its body, the body
in a8 long as ite head and tail; what is its length?

1f 10 gal. of water per hr. rum into & veasel containing 15 gal. and 17 gal. run out
in 2 hr., how long will the veasel be in filling? i

A, B, and C rent a pasture for $92. A puts in 4 horses for 2 mon., B § cows for 8
mon., and € 20 sheep for 5 man. What should each pay, if 2 horses eat &s much as
3 cows and 3 cows eat as mtch as 10 sheop? . 5 B

1f the interest for 1 yoar 4 mon, is 3/25 of the principal, what is the interest of $100
for | yr., 8 mon.;18 da.? s .

The number and difficulty of such problems varied with the author.
Ray probably represents an average, certsinly not less than an
. .average. Texts containing difficult problems seem to have been * -
" demanded, particularly in the latter part of this period. In his
/ New Mental Arithmetic,' 1873, Brooks gives a large numbey -of
problems which are nothing more than intricate puzzlfs. He
clagsifies them under-such heads as pasture problems, beggar and
.~ equal number problems, agimal problems, working problems, labor
4 -and fish problems, age and step problems, etc.: I
é‘ ey, ~ll7u°-‘-17_—-8 e
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~ Furthermore, the book had to compete with contemporary texts

- Lessons, for'it was a pionver in a new field. Thas Colburn probably

' . practical arithmetic. The source of this influence was primarily the
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« Practical arithmetic.—The texts which are grouped under this .-
head included all the topics of arithmetic which were studied in
the elementary school. They began with numeration and notation,
and addition, spbtraction, etc., came in" turn. In scope they were -
the descendants of such texta as those of Dilworth, Daboll, and
Adams. The study of ‘‘practical arithmetic” paralleled that o
‘‘mental arithmetic.” '

* Colburn applied his ideas of arithmetic, particularly the inductive
method, to this field and, as we kave shown, produced a text of high

» merit. But the Sequel was not well reccived, and after a fow years

+ dropped out of notice. The book embodied some features, such

as the entire departure from the traditional division of subject matter
and the order of topics, which were too progressive for the times,

and texts which were already in nse. This was not true of the First

influenced only very slightly this field of arithmetic directly through
the Sequel. - However, the work of Colburn did change the texts in

First Lessons. The principles underlying this text wero accepted,
and other writers, like Colburn, attempted to spply them in part to
- the more advanced texts. .
We have described the¢holar's Arithmetic by Daniel Adams,
In 1827, he says in the preface of Adams's New Arithmetic: = . .

The Scholar's Arithmetic, pul lished in 1801, is synthetic. 1f that s a fault of the
work, it is a fault of the times in which it appeared. The analytic or inductive
1 method of teaching, as now applied to elementary instruction, is smong the improve-

ments of later years. Its intreduction is ascribed to Pestalozzi, a distinguished
- teacher in Switzerland. 1t has been appliod to arithmotic, with great ingenuity, by
Mr. Colburn, in our country. .

The analytic is unquestionably the best method of acquiring knowledge; the syn-
thetic is the best method of recapitulating, or reviewing it. In a treatise designed
for school education both methods are useful. Such is the plan of tho present un-
dertaking, which the author, occupied as he is with other objects and pursuits, would
willingly have forborne, but that, the demand for the Scholar's Arithmetic still

.continuing, an obligation, incurred by long-continued and extended patronage, did
not allow him to decline the labor of the revisal, which should adapt it to the present
more enlightened views of teachihg this scignce in our schools, In doing this, how-
ever, it has been necessary.to make a new work. -

v *Drvigion is introduced with the problgm, “ James divided 12
. . apples among 4 boys; how many did he give each boy?”  After 20
.~ problems of this sort, the problem, ‘‘ How many oranges, at 3 cents

.. each, may be bought for 12 cents?” is solved by successive sub-
.. tractions, The pupil is then told, * We n:ay eome to the same result
.. by.a process, in most cases much shorter, called Division.” The
progess of division is explained by solving this problem, and the
~ new words are defined. .The division table is given, and .after the

¢
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problem, *‘How many yards of cloth, at 4 dollars a yard, can be

~bought for 856 dollars?”’ is solved and explained, the rule is stated

for the case when the divisor does not exceed 12. The rule for the
case when the ¢ivisor excecds 12 is derived in the same manner.

A comparison of this presentation of division with the way, in
which such topics were presented in the texts of the preceding period
indicates the extent of Colburn’s.influence upon the **practical
arithmeties.” The inductive method was accepted with only slight
reservation, and Adams seems to have vaugh( something of the spinit
of it, as well as the form.

Roswell C. Smith. whose nnlhmong was first puhhqhod n 1827,
says in a rather bombastic preface in the third edition, 1834:

Another inquiry muy still be made: 18 this edition different from the preceding?
The answer is, Yes, in many respects. The present edition profeeses to be strictly
on the Pestalozzian, ar inductive, plun of teaching. This, however, is*not claimed
ana novelty. In this reepect, it resembles many other aystems, The novelty of this
work will be found to consist in adhering moro closely to the true spirit of the Pes-
talozzian plan; consequently, in differing from other aystems, it differs lese from
Pestalozzian, This similarity will now be shown,

The -author attempts to combine ornl and written arithmetic.
Certain features of the oral part of the text almost duphcate Col
burn's First Lessons both in actual content and spirit.  For example,
smith begins his text with:

1. How muny‘liule fingers have you on your right band”?  J{ow many on your left?
How many on both?

2 How many eyes have you?

3. H you have two applesin on(\hand and one in the other, how many have you in
both? THow many are two and oné, then, put toyether? o

4. How many do your ears and eyes make, counted together? =

3. 1f you have two nuts in one band, and two in the other, how many have you in
hath?  How many do two and two make, put together?

The Hindu numerals aré introduced on page 2 and' the addition
tables are given on pages 3 and 4. Aside Trom a Jist of 24 problems,
there is no work preceding the tables, and these problems do not
constitute a development of the addition facts. Following the table,
there is only a page of drill. The remnaining three operations are dis-
posed of in the same manner. This completes the *‘mental exer-
ases. ' Beginning on page 17 we find the traditional order of topics,
numeration and notation, addition, ete. The fundamental opera-
tions are introduced by a list of prnctl('nl problems to be solved

‘mentally. The “‘interrogative System’ ' is used throughout the

work in presenting rules and explanation. The author did this under
the impression that it was the mark of induciive presentation, but
‘nevertheless the subjeot is presented quite dogmatically. For the
most part the spirit of the book is deductive rather than inductive.

! This ssme interrogative, or qusstlon and answer, system was used in Dilworth sSchoolmnw‘l Asslat-

- apt. Therefors this feeture is 1t necessarily due to Pestaloesi.

-'.'f44 Zaki ’ R
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In presenting a new process, e. g., long division, one problem is
solved and explained, after which the rule is stated.

The text, while.it possesses some merit and must be considered
one of the progressive texts o its time, does not reflect much of
Pestaloszian principles atd does not equal Colburn's texts in this
respect. & ' :

The plan of the written arithmetic of Emerson's North Amaerican
Arithmetic, Part Second, is much liko the oral part.  But thestructure

“of the hook is more formal, objoective illustration is lessened, and the
inductive method, although retained, has lost much of its Spirit.
The point of departure in taking up a new process is not always a
concrete problem, and the development is forced. For example, m
division:

How many yarda of cloth, at 3 doliars a-vrd, cun be hought for 396 dollars?

Here wo must find howy many time 3 dollars there are in 398 dollam: (hat 1R, we must

.
divide 396 by 3. *—)::—: Wo fiest divide the 3 hundredas, then the 9 tenas, and then
the 6 units; thus, 3 in 3, once; 3in 9, 3times; 3iu 6, 2 timas.

Otwerve, iii thu above example, that the ¢ which we first divide means 3 hundred |
and the 1 'which we nlace uuder it ineana 1 Rundred, showing thut 3 is contained in
300, 100 timnes. "I‘ho 9 means 9 tena, and the 3 which we place under it meuna 3 tens,
showing that 3 is contained in %0, 30 timve. i :

A dividend is a number which is to bedivided. such as the number 396 in the above
example. A Jirtsor is 4 number.by which we divide; such as the number 3 in the
above example. The quotient is the number of times which the divisor is contained
in the dividend; mich as the numher 1132 in the above example.

Long division comes four pages later. The topic. is introduced as
follows:

The method of dividing taught in the two preceding sectiona in called short diyigion,
the method taught in thia section is called long division. In long division we place
the quotient on the right hand of the dividend, and perform the same operations under
the dividend, heretofore performed in the mind. -

4)05307(23826 How many times is 4 contained in 054077

8 Perceiving that 4 is conwined in 9 twice, we place 2 in the quotient,

multiply the divisor by 2, and subtract the product (R) from . This

:3 ' is the smme as saying in short divisivn, 4 in 9, 2 timed and | over."
— Now, gince the 1 over must be joited with the b, we bring down the 5
33 to the right of the 1; aud then, perceiviug that 4 is contained in 15, 3
3%_ times, wo place 3.in the quotient, multiply the divisor by 3,and sub-
10 tract the product as before. . Thus wo proceed to bring dewn every
8 figure of the dividend and unite it with the previous remainder.
24 ) 5
3

Additional difficulties encountered in division are explained in the
same manner, which is essentially only s detailed rule stated for a
particular example. After 24 examples, all abstract, the general
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rule isstated. (Compare this with Colburn’s pl%senﬁtidn%f div'isionz,

- Emerson presents percentage and intercst as distinet
topics, his \treatment resembles that of Colburn in the Sequal.  In
the ease of Mnterest, the rule is stated for the simple case proceding 7 ...
the fint priblems and the additional rules are given as needod, some- ... L
times even bding given after the first problem which demands them. )
On the whole, Part Second is a toxt of consideralfle merit, although
m inductive treatment..concreteness, and motive it is inferior to _
Colburn's text, A ) .

The text which came to he known as Ray's Practical Arithmetic
begins with an introduction of 19 pages devoted to definitions,
numeration, and notation. Tt is suggested that “pupils in general
need not. be required to study the introduction until going through
the book the second time."  Addition hegins with:

If you find 2 conts st une time and 3 at another, how many will you have?

If you give 12 centa for a slate and 5 cents for a copy book, how much will they
both coet? ) .

John gave 6 cets for an orange, 7 cents for pencila, and 9 centa for a ball; what did
they all coat? * g

After severa]l problems of this sort the pupil is told that —-

the puttiug together of two or more numbers f the same name or denomination, 8o as
to make one number (us in the preceding examploey, is called addition. The number
formed by adding together two or more numbers ie called the sum or smount.

The tables are then given, and following is this development of
the rule:

James had 63 cents and his father gave him 35 more: how many cents hed he then?
These numbers being too large to be added conveniently in the mind, it becomes
necesary 1o write them down, and in doing this it is vecessary o put the units of one
number under the unita of the other, aud the teus of one number under the tens of the
other, 1o enable us more easily to add u‘ether figures of thie mame local value.
Having written the numberd in this manner and dmwn a line
63 cents ypderesth, we begin at the right hand and add the b units of the
35 cons lower number to the 3 unita of the upper nuniber, which makes 8
Ans. Q_é cents UNits; we write this in units’ place, and then add the 3 tens of the
dower numbser to the 6 tena of the upper number, which makes 9 tens
to be set down in tens, place and the work is completed, and the sum of 83 cents and
35 cents is 98 cents.
Jaﬁnes bought an eclectic reader for 72 cents, an arithmetic for 37 cents, and a slate
B for 9 cents; how much did they all come 10? !
E. reader, 72 cents In writing this example we put the 9 under the 7 wnite’ in
Arithmetic, 37 cents place, for if put under the 3 in tens’ place it would count 9
Slale, _2 cents tens, or 80 cents. )
We begin at the right-hand column and say 9 (units) and 7
Ars.  18cents (,nji) are 10 (units), and 2 funits) are 18 (units), which is 1
*ten and 8 unita; we set down the 8 (units) in the unite’ piace,
and carrying the 1 (ten) to tens’ place,.we say 1 (ten) snd 3 (tens) are 4 (tens) and
7(tens) are 11 tens; that is, 1 hundred and 1 ten, which we put in their proper places.
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'+ 1The rule is followed by abstsact drill exercises and then practical
' . 'problems. - Bubtraction, multiplication, and division are. similarly
' presented. Fractions arq presented somewhst more formally, but - |
the inductive form and much of its spirit is exhibited in the remainder © |
of the book. The table of contents includes the four operations for |
- simple numbers, Federal money, compound numbers, fractions, per-
centage and its applications, fatio and proportion (simple and com-
pound), fellowship, alligation, equation of payments, pgrwtice{ and
- “aualysis, Inan appendix the following topics are presented briefly:
. - Involution, evolution, progressions, position, permutation, exchange,
b duodecimals, mensuration, and booikeeping. M
fi Essentially the same introductory problems are found in the edition
: ‘of 1857. Following these, the definitions are stated thus:

The process of uniting two or more numbers intd one number is termed Adddition

_ The number obtained by addition is the Sum or Amount, '
s Remark.—When the numbers to be added are of the same denomination—that js

' all cents, or all yands, etc.—the operation is m,lled Simple Addition
‘ *.The d@elopment of the rule is as follows;

i ? 1. Janves haed 63 cents and his tathe;_gaivé him 35 cents; how many cents had he
Sy then? - § ‘

& ;l : . Place the units and the tens of one number under the units and the tens of the

N other, that figures of the same unit value may be more easily added. '
Solution:—Write the numbers as in the margin; then say 5 units 63 cents

‘jﬁ* ~ and 3 umitsare 8 units, which write in unita’ place; 3 tena and. 6 4b centa

e tens are 9 tens, which write in tens’ place. The sum is 9 tens and —_—

" ‘Bunits, or 98 cents.. i - ' Ana. 98 centa

bt . In this example, units are added to units, and tena to tens, gince only numbers
“. '+ ol the same kind—that is, having the same unit value—canbeadded. Thus, 3 units
. “ sod 2 tens make neither 5 units nor 5 tens; as, 3 apples and 2 plums are neither
' b5apples nor b plums, - . ) '

‘ This is followed by ‘a second example and its solution, and then s
' few “‘questions to be solved as above.” Carrying is avoided in these
.. examples and is taken up on the next page, after which the rule is
a stated, 1 : :
= A compariso.. of this presentation of addition with that in the first
: “edition (1837) shows the extent of the formalization of the inductive
| .method which was &ttained in Ray’s Practical Arithmetic by 1857.
... The form is retained in part, but the spirit of it is almost entirely lost.
* In the derivation of the rule the pupil is simply told what to do.
. 1t differs only in form from the method of presemtation found in
| Adams’-Scholar's Arithmetic (1801). i _‘
*  _ In the hext revised edition, 1877, there is one additional introduc-
., tory problem, and the definitions are stated more formally. Qnly - §
., two problems are solved preceding. the statement of the ruls, as §
/ agaimst four iin the. edition of 1857.. And one.of these ia purely §
" abatract. ' The explanations of the solutions are more abbreviated
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. of percentage and its application are given in the order, simple inmv-‘
est (including partial payments), banking, discount, percentage (in-

stocks, exchange, duties, and taxes. Under interest, rate is intro- |
_ duced by the statement: ‘A lent B §200 for one year: st the end

- of the yeer B paid A 'the $200 which he had berrowed and also $12
in addition for the use of the money; that is, he paid at the rate of
$6 for the use of $100 for one year,” From this, principal, interest,

rate per cent, and amount are defined. ‘‘Rate per cent means rate .

per hundred; it is the sum paid for the use of one hundred dollars for

,one year.” Liter, per centage (writtep as two words) is-defined as
the group of ‘‘those ealowlations in which reference is made to a
hundred.” Per cent is defined as 8 ‘‘oontraction of per centum,
which signifies by the hundred; thus when we say 5 per cent, we'
mean § dollars on 100 dollars, or 5 cents on 100 cents.” .

Decimal fractions are not employed in these problems. The rule
““to find the per centage” is: ‘Multiply by the rate per’ cent. and

“divide by 100; the quotient will be the per centage.” After the
pupil has been drilled upon finding the ‘‘per centage,” the applica-

- tion is made to profit and loss. This plan is followed for each of the
three cascs of percentage. . Wk -0 4,

- The presentation of this material is practically unchanged in the
edition of 1844, but in 1857 percentage (written as one word) was
first presented abstractly (Cases E-and II). This is followed in order
by commission, insurance, stocks, brokerage, intereat, .partial pay-
ments, compound interest, discount (true), bank discount, profit and
loss; taxes, and duties. In presenting percentage, the equivalent of

~ common fractions in terms of per cents is given first. In solving the
problems the rate per cent is to be expressed decimally. Fhe symbol

0% " is used almost exclusively instesd of the words ‘‘per cent,"”
The idea of ‘‘per cent’’ moaning at the rate of so much on the hundred
iz not suggested.

In 1857, comunon fractions are preceded by sections devoted to
fuctoring, greatest common divisor, and least common multiple.
Longitude -and time is made the title of a section. Aliquots, or
practioe, is reduced to a scant three pages, and cancellation is intro-
duced, but Ray insists that ““it is not made a hobby, or an arith-

metical machine, by which results. can be obtained merely in a

3 i

mechanical manner,” _ 5 . i T
A comparison of the editions of 1837 and 1877 reveals the follow-

multiple and greatest comimon divisor), complex frections, percent-
-age, exchange, ingurance, avd taxes have bean enlarged. The fol-
Jowing topics have. been omitied: Alligation medial, single posi osition,

|

A % il

In the first edition the topics which we now inlude under the hesd |

cluding profit -and loss), commission, .insurance, buying and selling '

i

.“'1

py

ing changes of content. The Roman nptation, cancellation, snd the B
metrio system have been added. =Faotoring (inchuding least commion '

ny
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e, ‘‘double position, permutation duodecimals, bookkeeping, and obeolets

' tdbles'of weights und messures. Some of the modifications ate very
é,' noticdable. For instance, in 1837 exchange was given a scant half

pege in the appendix. In 1877 it was made a cliapter of five pages.
In 1887 pearcentage was treated briefly, following interest. In‘1833
‘8 chapter of 22 pages is given to pereantage, and it precedes interewt.

In the National Arithrgetin by Benjamin Greenleaf, 1835, mental
arithmetic & mixed with' the written by giving a list of “‘mental
opsarations,” but young ‘pupils are advised to study Colburn's First

" Leesons.  The mental problems precede the written, and usually the
fiset of the mental are abstract. “"Mental operatiom: in fractions
reminds ono of (olburn's First Lesons. In this list the practical
‘examples-precede the abatract. Interest is the firm tapic of percent.

- ‘age.  The rule w, '‘multiply by the rate per cent and divide hy 100,
A seoond rule is to express the per cent decimnally. Percentage as o
topic does not appear.  Practice, proportion, and fellowship fallow
interest, commission and brokerage, stocks, and insurance. later,
taxos, banking, and -loss and gain are given. The problems under
‘losa aiid gefin -are to be solved by proportion, the rule of three.

In the edition of 1857 all the mental problems’ are omitted except
thos preceding fractions which are given under the head, Example-
to be performed hy snalysis.”” The text beging with a list of defin,
tions and axioms. Cancellation is made s topic and in muck. used
Longitude and time is introduced. Fractions s mitroduced by o
section called, ' Propertios of nuinbers.”” This contains factoring,

- grealest commion divisor, and least common multiple. Ratio and

' proportion precedes percentage and ita applications, although it does

" not appear that the pupil is expocted to make use of proportion in

fe -solving the pmhlem{of percentage. The treatment of percentafe
and its application is Yery similar to that in the 185%edition of Ray '~
Uoal Arithmetic. Jt is abstract and formal. The per cent

sign (%) is not used.
. The problems in practical arithmetic.—In the texts of the ciphering:

" bovk period the major portion of the space ‘was given to the rule of

. jthree, exchange, practice, etc. With the spread of the use of Federal

.- /thobey,'practice and exchange were practically eliminated. The rule

- of 'three wes minimized. On the other band, *practical”’ problems
were given as ‘applications for the fundamental operations.” Rav
‘gives 24 abstract and 12 ‘‘practical” problems in addition'ad 8p-

- proximately this ratio is maintained. g

The ‘word “practical” 'is wsed advisedly. Among t we. in-

. ‘oluded wader'the head * practical” are 'some of the foll ing:

L How' miainy Tiesia of 95 Tines sach 76 contained in Virgli's Aensid, the number, of

‘oo by the pe baiog'pierr S :

5 - R Oyclopastia conblsts of 89 volunses, each contaltiing, ut kn eversge, 774 peges,

.. 08 %0 solurams. . In ench-colamm there'are 87 linss, each: comtuiriing, et dn aversge,
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.10 worde, a0d in thees 10 words, there are, &t an avarsge, €7 lottere, “Required th : ‘
oumbar of pages, linss, words, and letters, contained in the entire work. Lk

The entire quantity of tea sold by the East Indis Company in 1799 wea 24,853,508 -7
peunds; how msoy chests, each contsinieg 87 pounds, would this quantity fill? :
This type of problems waa not original with Ray, as such problems

are found i much earlier texts. However, during this period they
became more prevalent.  Occasionally an author exhibited extreins
tendenciea. For instance in the Franklin Arithmetic, 1832, such
problems as the folowing are found : .

How many letters n the wurd Karith® .

In eightacn hundred and thirtywne, 119 persuns diad of drynkenne in New York,
and 157 in Philadelphis; how many in buth? w

Taky E from the word HOPE, and how many letters would be loft? and what would’
it be then? _

Four rivers ran through the garden of Eden, and ane through Babylon, how many ]
wore ran through Eden than Babyln? : .

The Raltimore raiiroad cam run 12 miles an hour; what is fuur aevenths of it? )

A human body, if baked until all moikture is evaporated, s rduced in weight as
1 10i0; 8 body that weighs 100 pounds Mving wiil waigh bow much when dry?

In an aritlimetic by Horace Mann and Pliney E. Chase, published
in 1850, this type of problem was made a feature. Tho idea was
coneeived by Mr. Mann, although to Mr. Chase is due most of the
¢redit for ita execution. In the profsce of Arithmetic Practically .
Applied, Mann sets forth his ideas as follows:

Believing the idea of the work to be original, T will atternpt ite elucidation. In
meking fur the elementa or materials of fta Quewtions, it proposes to take a survey of
wll the truth of acfence, and 1o make & selectivn from each department of whatever
iy be Dxoel interosting and valueble. 1t doos not confine itsell w the playthings of
tie nursery, or o the commaedities of the market place, and to the money they will
ouet, or make, or lose. On the contrary, the prent work proposce to carry the student
over the wide axpanse of domeatic and mocial eployments; ta.intenduce him to the
various depertments of human knowledge m far wa that knowledge hea been con- -
densed into tablee, or exhibited in arithmtical summwmaries, and to make bim ac-
yuainted with many of the most wonderful renlts which mathematical science haa
nevealed.  Tnstead of groping along the mole-path of an Ykrome routine, with littde
other change than from Anllars and cents to pounds and pence, ur some other famitine
cumrency, and with litde other variety than frum cloth to corn, or some other common-
place commodity, it desives ita examples from bingraphy, geagraphy, chronology, and
history; from aducational, finsncial, commervial, and civil statistics; from the lawa of -
light and electricity, of svund and motion, of chenistry and sstronomy, and others of
the exact aciences.  Trades, handicrafta. and whatever pertaing to the useful arts, eo
fsz aa they are the subject of numerical statement, and their facts ponseas arithmetical
relations, together with all the ascortained and determinate results of economical op

» political knawledge, and of ecientific discoveries, are laid under contribution, and A
aro made lo/supply appropriste elementa for the questions on which the youthful

learner may exercise his arithmetical faculties. s
Two ‘advantages are mentioned which Mann says ‘‘scem to me
‘unquestionable:” .

: 1. The pupil,-while studying arithmetic for its own sake, will acquire some knowl-
14/ edge of many other things. : e

s i 2 b, i )
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| © 2. The work will sppeal to more iacultios of the mind, gnd bence afford opportu.
ook nity for alternate use. ‘ ’ - ,
3 Greenwood says of the book:

The information compoeing the problems is drawn .h'om at leagt a hundred sources,
It ishighly instructive as well as eminently practical. A good title to the book
would be * Useful and Scientific Inforroation Treated Arithmetically.”” A revised ,
edition ought to be in the hands of every teacher. It has never been properly appre-

; / cisted, and few copies are in existence; even the publishers do not have a copy.!
: Organization.—In the internal arrangement many of the texts in -

/ the active period explicitly professed to be upon the inductive plan,
! and we have shown that the authors did build upon this plan with

L some degree of understanding of the mental process involved in

- induction. But it appears that about the middle of the century this
understanding of the inductive plan faded or bocame overshadowed
by philosophical considerations. -

In the Practical Arithmetic of 1857 Ray says that the inductive
and anplytic methods” are adopted. Two paragraphs later he
states that ‘‘the arrangement is strictly philosophical; no principle
is anticipated; the pupil is never required to perform any.operation
until the principle on which it is founded has first been explained.”
This 13 a contradiction, because induction and what he defines. as

. the **pMlosophical arrangement.” are fundamentally opposed. The
text itself exhibits both plans of organizatiorr, but the spirit of the
text is more in accord with the latter. In 1877 there is no reference
to the ‘‘inductive and analytic methods.” Ray’s text does not rep-
resent an extreme in respect to this trait. Davies, Greenleaf, Brooks,

Robinson, and others are more pronouncedly ‘‘philosophical.”,

" Higher arithmetic.—The higher arithmetics were simply an advanced

' ~ treatise on the general plan of the practical arithmetics. All topics
were included from notation and numeration and the fundamental
operations for integers to involution and evolution and series. The
topics were not introduced by a few questions to be answered orally.

4 The organization was strictly logical, first such definitions as were

‘necessary, then the rule followed by abstract exercises, and finally

’ praotical problems. The subject was looked upon throughout the
text primarily as a science. Emphasis was placed upon ‘‘clearer

. definitions, more rigid analyses, and briefer and more accurate rules.”

These features represent the.prime merit of not only the higher arith-

metics, but of the practical arithmetics as well. This is undoubtedly

one of the main reasons for the long and extensive use of such texts,
in our schools. ' ‘

~ Colburn's influence upon the teztbooks of this period. —Primary texts, :

‘‘mental. arithmetio,” the use of objective materials, and the induc-
_tive method were the most significant features of the arithmetics of

10p. clt, p. 884,
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the period. The authors of some of the texts were aoquainted wiith - £
Pestalozzi’s system of arithmetic and his educational principles, but .}
it is probable that all were acquainted with Colburn’s texts, particu- - - 3%
larly the First Lessons, and the interest in Pestalozzi’s system of °.
arithmetic was due in a large measure to the popularity of this text. &
The primary texts were patterned after the First Lessons; the ‘‘men-
tal arithmetics” followed it very closely; and the inductive method,
before it was formalized, was very similar to that in Colburn's texts.
The objective materials were chianged only by the omission of the
Pestalozzian tables and by adding pictures. Thus, much is due to = -
z'and directing the development of

Warren Colburn for stimulating
American textbooks on arithmetic during this period.

»
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. Chapter IX.
TEACHING ARITHMETIC ‘BY DEVICES AND DRILL. .

v
The introduction of mental arithmetic, the concept of mental dis-
cipline as the funotion of arithmetic, the teaching of arithmdtic to

- young children, the ideal of skill and thoroughness, the very great

increase in the number of pupils studying arithmetic, and other
changes necessitated modjfications in the methods of teaching arith-
metic. These modifications are described under the following heads.

Class instruction.—In view of the fact that in the ciphering ook
method, the individual contact between the teacher and pupil was
for examining the pupil’s work and telling him whether it was right
or wrong, and not for instructing the pupil, much time was wasted.
Before 1821, the mpnitoriaf system of instruction had been applied to
arithmetic, and after this date class instruction in arithmetic was the
rule. This was probably because it was more economical, put some
teachers believed that in a group superior instruction was possible.
For example, Ray says: *“ Pupils study best in classes; it is alnost as

Leasy for a teacher to instruct 15 pupils in a class, as 1 alone.’’!

For a’ teacher to handle a group of pupils successfully, some tech-
nique was necessary, and much attention was given to this phase
of teaching during this period. What was written on the teaching
of arithmetic was confined almost wholly to the elaboration of the
technique of class instruction.  The followin~ report of the Bosten
Monitorial School gives & good description of one' type of class .in-
struction.

The next exercise is arithmetic. I have already said that even the youngeet is
taught to eount and perform simple operations with beans, her fingers, and euch aids.
Boon o little mental arithmetic is introduced; but, as the excellent little work of Col-
burn is too difficult for such amall children, manuscript questions prepared by the
instructor are used. Next, Colburn’s First Leasons are studied; and about the same
time, written arithmetic is gradually intreduced. This, however, is for the present
completely subordinate to the intellectual. The monitors of arithmetic recite to the
master, and then disperse to their stations to act as monitors. Their classes form

~around them; and the leeson which has been previously set is recited. If any ex-

plansations are neceasary, the monitor, who has gone over the ground before, explains;
Butif she isata lose, she spplies directly to the master. In this way, the ljttle classes §
got & great deal of practice, and the monitor reviews her studies. For the sake of - |
variety, they then take slates and cipher. ‘The monitor dictates sums verbally, and

* $Key to Rag’s Practioal Arithmetic, p. 177,
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the children are taught to write amounts from dictation. They are never allowed to
copy sums, and consequently must acquire a knowledge of numeration, as useful as
it is uncommon. In addition the highest adds the first column aloud and tells the
next what to set lown and what to carry; the next takes the second column, and does
the same. Anyone who corrects another goes above her, as in spelling or reading;
and, a8 all must aid i doing the sum, the attention of all is secured. It is 80 with
subtraction, and all the otherrules. The higheet scimlars cfpier in Colburn’s Sequel,
and record their operations in a manuscript. :

‘The monitorial plan of group instruction was not generally adop’ted,
Ray describes. the practice of about 1840 as follows: . ~

\Vhen_pract.icab}le, the pupils should be arranged in clagsee, due regard heing had

to their ages, acquirements, etc. After this, the proceeding in the best schools, is.

somewhat as followa: 2

A certain number of examples i arranged a8 a lesson; it will, also, frequeatly be
Necusary that a part, or even the whole, of the lesson shall consiat of the illusration
of principles, or the memorizing of definitions or rules. When the clase meets-for

recitation, .oach pupil passes his alate into the hands of the pupil next above him,
except the pupil at the head, who passes his to the foot scholar. The teacher then-

reads the anawer to the first question, while each pupil examines the slate he holda.
U se if the answer is correct and properly obtained. .

In addition to reading the answer. the teacher, in many cases, such, for example, -

8a proportion, should state the general mothod of working the question. The pupils

mark the answors that are wrong, or obtained improperly.: In the same manner,"

each question is examined and marked: Instead of the teacher reading the aADswers,
the pupil8 in succession may read them. .

When there is a blackboard (and there should be one in every schoolroom, 4 or &
feet wide, and as long as the room will permit), each pupil should be required to work
out one or more of the examples, and give the reasons Tor performing the operation.
The time required tu examine the questionsisgenerally short, whiie the habit of closely
scrutinizing each other's work, improves the perceptive faculties of the pupils.?

William B. Fowle was the author of an arithmetic and for a num-
ber of years was an instructor in teacher's institutes in Massachusetts
and New York. In the Teacher's Institute ho discusses the teaching
of the common branches, The following *“methods” o teaching
addition are interesting as well as$ ypical:

When the children are'ciphering on the blsckbc;ird, there are various ways of

keeping them at work. I will try to describe a few of them. Suppose the class -

consista of eix, and the exercise to be in.addition. I first dictate one line of & sum
to each pupil, as follows:

3, 746, 389, 167
, 680, 895, 089
, 070, 688, 496 -
’ (m'_m, m 4
, 608, 785, 687
687, 768, 686
516
253

The pupils stand in a semicircle around the board, the teacher or monitor standing

7
8
9
7
8

on the left, the head of the class beiig always on the right.
i N ' Amer. Jour. of Bduc., 1808, 185, -

hay; i § ey to Bay’s Practioal Anthmetio, p. 8.
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‘ 4
First method.

Let the first child begin, and say aloudy ‘6 and 7 are 13."" Let the next child
say, “and 6 are 19;”” and the next, “and 9 are 28;" and the next, ‘‘and 7 are 85
The next sets down 5, and if the children are very young, he sets a gmali 3 under the
5, 82 & guido to the naxt, who says, '3 tens carried to 8 terns make 11 " Then hoad
begins again, and says, ‘11 and 8 are 18"’ the next says, ‘‘and 9 arv 28" the next,
“and 9 are 37; the next, ‘‘and 8 are 45;"" the next, “‘and 6 are 5L;"' the next scts
down 1 in the tons place, and pulg & b underit. The next says, **5 hundreds carmiad
to 6 hundreds make 11 hundred<:’ the next says, ‘‘and 6 are 17," and so on until A
- the sum is finished . “

& <o This ‘‘method” is given several variations. Pupils may be called
5 upon “‘promiscuously.” Or each pupil may add a column silentiy
3 and place the result upon the board. The next is held responsible

. when the sum is not correct. A
» ‘These ‘‘methods” are simply types of technique for offectively
. focusing the attention of the class and arousing interest in the work.
%’ No fundamental principles of teaching are stated, but theso specific
rules for carrying on the classroom work are typical of the method
= of teaching during this*period. Objective and examinable results
" were desired, and devices which would give these, and would seeure
attention, were accordingly exalted as methods of teaching.

In teaching mental arithmetic a procedure was adopted for the
purpose of forcing the continuous attention of the class. As in the
case.of written arithmetic, the plan was an artificial device. Stod-
dard gives in his Methods of Toaching the following **methads:”

First method.
 The teacher reads the problems and calls upon the different members of the class E
" " promiscuously. Each pupil gnamed arises, repeats, and analyzes the problem, -

& Mewmbers of the class who have discovered mistakes, or who take exneption to the
s method of analysis, raise their hands, and the teacher designates some one of them

. to make the necessary correction, or he makes it himsels.

. Modifications of the above méthod: ‘
3 1. Call upon different pupils to soive different parts of theeame problem. each as he
i is named being required to proceed with the analysis whete the pupil who has just
: " taken his seat left it. This méthod furnishes an opportunity for “‘stirring up,” or

joging the memory of the inattentive.
2. The pupi! design..ted to analyze s problem ariecs, repeats it, and namnes another
to solve it.

Second method.

.o The teacher reads a problem, the class solves it in silence, and as rapidiy as possii)ln:
a ¢ach raises the hand on obtaining the reault.

" After giving sufficient time the teacher, if he wishes a simultaneous answer, says
“Class,” and all who can pronounce the result together. Orhe nameaa pupil, who

arises, gives the result, and solves the problem.

’ Third method.

- The teacher reads and sssigns a ;;mblem to each member, or a part of the members,
ol.the class without weiting for a golution. He then calls upon pupils promiscuously

: AP
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who have had questions given them, and the pupil named arises, repeats, and analyzes -
* the problem assigned him. a
This method is good discipline for the memory ’ .

Fourth method.

Two pupils are designated as chiafs, and choose aiternately from among the other
members of the class such as they deem the hest scholars in mental arithmetic\for a
trial of akill. The teacher gives out problems alternately and marks the failures or
the number of questions which each aide solves correctly, and at the close of the
lesson_gives the result.” Or he causes each pupil that fails to take his seat, and the
side that has the largest number of bupils standing at the close of the lesson is pra-
nounced the best.!
~  Motivation.—The plan for sccuring motive which is offered by the
writers on the teaching of arithmetic, whon? we have quoted on the
preceding pages, is by appeal to artificial incentives. The pupil
attended to the example in addition because, if he did not, he knew.
his failure to attend would he immediately discovered by both hig
classmates and the teacher. Being thus caught in the act, the
penalty followed, a lowering of his rank in class, a reprimand by the
teacher, or a severe punishment. Or the pupil wished to secureathe
approbation of his teacher or parents. Knowing the shor‘tco'nk
of his classmates he attended in order that he might profit by t
failures.  As soon as the pupil reciting faltered or made an orror he
was ready to take up the solution of the problem and receive his
reward in the approval of the teacher or in the anticipation of the
» Teception which would bo given at home to his report card. Or per-.
haps his reward came from the superior position which he had attained
i in the class. In putting one division of the class against the other
the instinet of emulation was appealed to.  Or where the class was
small-the contest wagibetween the individual pupils. There was an
appeal to the pupil's pride when he knew his work was to be axamined
and marked by another pupil. :
Motive was secured. in other ways. The puzzle type of problem
stimulated the pupil's curiosity. Some problems were practical.
The primary work and the rapid drill were iinmediately interesting
to many. But these ways of securing motive were, for the most
part, used unconsciously. When a teacher wrote of how attention
was secured these phases of motive were mentioned only incidentally
or not at all. Occasionally, but usually in respect to other school
subjects, motive by conflict of ideas was mentioped. David P. Page,. |
. atexton Theory and Practice of Teaching, gives a list of good incen- |
~ fives. They are: (1) Desire of the approval of Parents and teachers; . |
{2) desire of adv_ancempnt,; (3] desire to be useful; (4) desire.to do -
+ Tight; (5) natural love ifi the child for acquisition and a natural
- desire to know. , _
f’?g v 3
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% The idea and practice of securing motive in this period waa charac.
- terized by there being no intrinsic relation between the purpose which
the pupil recognized and the subject matter studied.

Problems golved according to a Jformula.—In mental arithmetic,
which was considered to be especially suitable for developing the
ressoning, the solution was accomplished by applying 4 syllogistic
formula. Ray says i. Hints to Teachers, ‘Intellectual” Arithmetic
(copyright 1860): : . : : '

A method of solving queations in mental arithmetic now much used is the following,
called the ‘‘ Four-step method : " , .

Iustrations.— Firat step, James gave 7 cemrta for apples and 8 centa for peaches;
how many centa did he spend? Second step, as many as the sum of Tand 8 cepts
Third step, 7 cents and 8 cents are 15 cents.  Fourth step, hence, if James gave 7 cents
for apples and 8 centa for peaches he apent 15 centa. ! :

L Again: Rrst ate;., 4-6fths of 25 are how many tines 67 ' Second slep, 83 many timea
X '8 a8 @ is contained times in 4-fifths of 25. Thirg step, 1-fifth of 25 is 5, 4.fifths are 4
o times 6, which are 20; 6 in 20 is contained 3 and 2-sixths times. Fourth step, there-

fore, 4-fifths of 25 are 3 and 2-sixths times 6, . R |

Some writers insisted that these forms of analysis were to be com-
mitted to memory. In the following quotation the author believes
that a verbatim memorizing of the forms of analysis will make the
pupils all the better reasoners: : R

After the pupils are familiar with the process and have received sufficiont dri)
they ahould be taught to analyze probleme. The teacher should sce that the analysis
is thoroughly wnderstood and accurately recited, They should be reuired to write ou(
-an analyeis, and the pupil that presents the moat simple and coneise analysis ghtl.{-
write it on the board, subject to the criticism of the clas. See that the'language is
uged correctly; thatit tells the ‘{truth, the whole truth, and n~'king but the truth.” Now
require every member of the class to commit the analysis verbatin as he would a
demonstration in Euclid-—for experienco teachea that those pupils who are eritically

- close in committing verbatim the demonstrations in geometry make by far more
L accurate reasoners and ready mathematicians. -

. When the pupil was furnished with a stereotyped form for the
+ solution of every problem all opportunity for reasoning was elimj-
. - nated except such 8- there might be in identifying the particular
= problem with the appropriate formula. Therefore the types of

. problems were mixed, to form promiscuous and miscellaneous lists
'y of problems, Brooks says: - :

, It will be froguently noticed that, after beginning the lesson with the typical
problem, varptions are made both in the conditiona of the question and in their
k..».ﬁ . application to other objects than those named in the original problem. -This is done

' . to.give variety 1o the exercises and to afford discipline to the pupil.

Assisting the pupil.—The assistance which the teacher_m;lered the * f.
- pupil consisted mainly in holding him to certain fixed standards, in '

drilling upon what was considered fundamental, and in explaining .
difficult ‘operations and problems.  Little effort was made to assist
the pupil to think, Developing a process or topic was not consciously
Saboolrodem Guide, 1077,
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attempted. The explanations by the teacher were simply told to the
pupil. Whether the pupil understood the explanation or not, he was
oxpected to rememberit. If the difficulty was suffici *ntly important,
the pupil was drilled upon the manner of overeomu.* it. In this
way the learning was largely by conscious imitation, wi h sufficient
repetition by the pupil to fix the subject matter in the nind. It
sees to have been recognized that expression assisted i making
the impression.  The prominence given to the explanations in class
by pupils was in part due to this belief.

Deductive method.—We have seen how the texts of this period
became deductive in form after 1857. The instruction followed -
the texts closely.  The “rule ” was again omphasized. If the pupil
wus able to subsume a prablém under a known rule, the rule could
ko care of the answer. A report of the investigation of schools
in Conneaticut, in 1887-88, contains the following comment upon
the attitude of the pupil toward the rule:

The method in arithmetic is illustrated by the course which most children will take
after long instruetion in such schools, | 1f they are given a problem of one or two stepa,
theywerll firet see what rude it comes under. 1 it doea not come u-der any rule with which
they are familiar, they will take 3 hook and see if they can find an example hke it.
Lf they fail in this search, they then begin to cipher at random, multiplying and
dividing in the hope that it may turn out right,!

The rules were not developed as Colburn did in his texts. Thae
pupil was scarcely allowed to make a hepothesis when a new type
of problent was reached, and to work out & olution of his own.
Instead the rule was given to him ready made.

Objective teacking.—The use of objective materfals, beans, grains of
corn, pieces of crayon, ete., is recommmended by Rdy for the younger
pupils.  He also deseribes what he terms **arithmometer,”” an instru-
ment for representing objectively the number facts of the four opera-
tions.  However, he cantions against **frequent uso of artificial aids,”
for it **tends to prevent the pupil iroin exercising his own intellectual
powers, and thus, if carried too far, is productive of positive injury,”
In an edition of Greenleaf's primary book he SAYVS:

The Firat Lessons in Numbers has been prepared in the belief that the ohjective
presentation of numbers is beat auited to the comprehension of the child. The teacher
who usea this hook is expected to make constant use of counters, hlocks, or other visible
ubjects, that from the outset the child may bave correet ideas of numbers. The
toprous illustrations found throughout the hook are intended as gids in this direction,

Onhe writer on the teaching of arithmetic (1877) says: “*Construct,
the addition tables at first by the use of objects.” He advises the

‘same . plan for multiplication. Illustrations in the form of cuts

became a feature of the primary arithmetics, but I have found none
83 profusely illustrated as Emerson’s Part First. A few illustrations
are found in the ‘“mental” and the ‘‘practical” arithmetics, but
usually only for elucidating a topic of peculiar difficulty.

. ! Connecticut School Documents, No. VI, p. 24.
81778°—17—--9 \ o
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The second” Pestalozzian movement in the United States, usually
‘known as the Oswego movement, emphasized almost exclusively
objective teaching.. This movement, which dates from 1860, APPenrs
to have had but little direet influenee upon the teaching of arithmetic,
There was only a slight increase in the use of objective materials in
srithmetic after 1860. '

Drll.—We  have  already shown that skill and thoroughness 4
were euphasized as ends to be attained. " They were to he securad
by drill. These goals of instruetion were given inereased importanes
in the latter part of this period.  Drill deviees and dnll eards were
given by a number of authors.  Drill to make certain parts of the
subject matter mechameal was insisted upon. De Grafl, i The
Schoolroom Guide, 1877, snvs:

The teacher should ace that the tables are thoreughly commiitted to memory by
requiring pupila to recite them backward and ferward regularly and irregularh
Excite emulation among members of the clase in regard to the mechanieal execution
of the work, hecause careless habita formed will ever be a source of annoyanee to batyy
teacher apd pupil.! -

g In Felter's Primary Arithmetic the teacher iz advised:

In order to secure theroughness, give short lestons and epend much time 1o Jaly
review. 1 in the exercise of **fours.”” do not procesd until everything that precedes
i aa familiar as the alphabet. it required one month, take it; if one yeor, the time
can not be better spent Never allow a pupml who, habitually. misses ox er 19 peg vt
of the given exercise to remain in the clase.

Some reports upon the teaching of arithm:eiic.—In 1887-88 a commit-
tee reported upon the condition of sehools in New London County,
Conn. ‘The repert was based upon tests and visitation.  In respect
to arithmetie they say in part: ‘

Perhape a hali-dozen achools taught elementary arithmetic by systentatical’y devel.
oping number, but almost invariably the teacher gnswered the question as to wiat
method was used by the stereotyped phraso “foilow the book, ™ and this was literal'y
true not only for elementary but for advanced classes.

Montha and terms are spent in counting, learning to write unheard-of numbors,
bawling the multiplication and perhaps other tables.  No systematic development of
number ir thought of. No cancrete examples, except the few in a small book are
+ given. No thorough drill is attempted. No rapid handling of numbers, no accuracy

-with figures, no training of the reason, is the result. Most so-called mental examples

have been carefully studied before the recitation. Definition and rules will he
repeated fluently, and yet the pupil is unable to perform simple examples involving
one or two steps of reasoning.  One or two illrotrationa are pertinent

A boy over 10 yearr of age was being tanght to count one hundred, but conli
pot tell the sum of two and two. The teacher gave as the reason for teaching him
thus to count, before he corld add, that " when he received change at the store he
eculd count it.” .

In another achool, a clase of three gave with great fluency the definition of “units.”
‘“‘arithmetic,” “counting,’” *‘scale,” “counting 0%, “'group,’” etr. They read num-
bers up to sextillions, but could not tell hes many fours there were in 16, The
teacher said that they had never dune any ching in multiplication or divigion, These

. / tP.180.
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Jddren had been in achool about four veare It 18 not o 'h't wondered ar. then,
that under such unnatuml methods so many children attend achool seven and eight
years without reaching percentage and its appiications 1o interest '

A mire elabarate mvesiigation was made of the schools of New
Haven County, Conn.in” 1800-91. The committes exnmmed 167
distriets. Thev sum up their opinions with respect to arithmetic in
I}n\ sentenee: - - :

I rithmetic dus thine become w science of dithenlt trittes and intrinate frwderion pey
it cmnmen schoals wnd remarkable chiethy tor steribty and Iladaptednes 1o
a aseiul purjese, :

tounother nlace they give a deseription of the aetiual setivities of
the schoolroom which s lhiminating not ondy as to content, but to
il and method ns wellr A

s many districts the main thing in arithmetic is the detinmons 11 e school
o finstclass was questioned as fallows: = Spell arithmetic - What 1 arithmetice™”

What is Roeman notation” What is a tptre ™ and w0 on during the recitation
peninde The definitiona muat he word for word as in the hook .

The answer to thequestion, " How is a fraction expressd ™ waa given by writing
ot number above the other.”  This was immadiately corrected by the teacher 1o

“by placig one number above the other " 2, .

While these surveys were made with some care, they covered anlv
avery limited aren. For thix reason it isx Fuzardons 1o draw general-
watons, but other evidence indicates that the conditions described
i these reports are typical of much of the instruction in arithmetie
atthis time. However, when we compare the instruction in arigh-
metie during this period with that of (he' ciphering-book periad,
progress is shown,  There is an enlarged concept of the funetion of
the teacher, and if we take into account that at thes time arithmetie
was S required T subject andenot an veleetive,” it s probable that:
the results secured WUere superior, .

Colburi’s influence upon the teaching of arithmetic.—A compari-
~onof Colburn’s method of teaching arithmetic with the praeties
durmg this period reveals that he influenced  he tewching of the sub-
jeet much less than he did the texts. The nse of ehjective materinls
and the oral instruction which mental arithmetic made necessary
ny be attributed to him.

He advoentc! eluss instruction and diseussed its teehnique i his
address on the " Teaching of arithmetic,” but jt is doubtful,if the
adaption of this plan of instruction was due to his advocacy of it
Outside of these features, which were a result of his texts rather thun
his presentation of the method of teaching arithmetic, there is little
trace of Colburn's influence. This condition is easily explained by
the fact that a method of teaching is much less tangible than the
form of a textbook. Also, in the miuking of texts there are few per-
sons concerned, as cdmpared with the nymber of teachers.

! Connecticut School Documents, No. VII, p. 147. . 'Idem, No. XV1,p. .

.I .



PART IV.

. o Chapter X.
RECENT TENDENCIES AND DEVELOPMENTS.

The development of arithmetic since 1892 has been more inti-
mately connected with the general educational development than
it was during the period beginning with 1821, An attack upon the
importance of the disciplinary function of arithmetic grew out of

' two more general movements.

The Herbartian movément.—Beginning about 1890, American edu-
cators wero greatly interested in the educational principles enun-
ciated by Herbart, 8 German educator who lived from 1776-1841.

~Somo of the important events in the rise of this movement were:
The publication of educational books on Herbartian principles;
Essentials of Method, by Charles De Garmo, 1889; General \f(‘l{lml,
by Charles McMurr\, 1892; The Method of lho Recitation® hy
Frank McMurry and (‘harlos McMurry, 1897; and the formation
of a national. Herbartian society in 1892, ’I‘he principle of apper-
ception, which is one of the most important accredited to- Herbart,
was emphasized by his followers in America. - Briefly the principle
is this: ' New experiences are given meaning and interpreted by
means of the ideas which one.has obtained from: his past experience
and which are present.in his consciousness 'ut the time. This
principle; coupled with ‘Herbart's concept of the immediate end of
education ‘as the development of a “many-sided intorest,” means
that education is to give the child (1) a “manyside” acqumntanm
with the extefnal world, and (2) to give this acquaintance in such
a way. that it will ba acoompamed by an active “interest’’ in each
“side’’ of this experience. The child wnll then be equipped to meet
new situations as they arise.

This theory, which places the emphasis upon the content of )
subject, is fundamentally opposed to the disciplinary concept of edu-
cation, and the wave of enthusiastic interest in the work of Herbart
‘which swept over the United States did much to counteract the great
emphasis upon the disciplinary function of instruction in arithmetic.
The Herbartians emphasized h)story and literature s suh]ects in
“the elementary school, and by so doing were a factor in reducing
the amount, of time given to arithmetio.

. - ¥ For Farbart's own acoount, see Outlines of Educetions] Doctrines. -
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The peychological movement.—In his “ Principles of Psychology,”
1890, William Jamos stated that one's native ability to retain can
not be changed,! which moans that a general capacity to remember
can not be trained by specific exercises. This assertion, which
was ‘‘supported by somo plausible exporimental evidenco'’ was
extended by other educators to & complete refutation of the theory
of formal discipline as then interpreted. '

The reaction against the disciplinary value of arithmetic.—Coupled
with these two movements, partly as a result of them, both educators
and the public became more actively critical of the work of the
public schools.! There were reports of investigations ¢ and more -
generul utterances based upon general observations, The following
are typical of this latter typo:.

In almost all of the arithmetics, firet como the definitions, then the rules, then a
problem with full explanation, then the probiems for the children to work acconding
o rule and like the sample given. And lhi‘im-all«l diacipline! Gl save the mark!® .

FFrom una-ixth to ane-fourth, or even one-thind, of th. whole achool time of Anrerican
children ia given to the subject of arithmetic—a subject which does not train a single
onc of the feur faculties that it should-be the fundamental object of education to de-
velop. Tt haa nothing 1o do with observing correctly, or with recording accurately
the rosults of observation, or with collecting facts and drawing just inferences there-
from, or with exprossing clearly and forvibly logical thought.®

In 1892 the Committee of Ten, a committee appointed by ibe
Nationul Education Association, recognized the existerice of & formal
disciplinary value of arithmetic,’ but insisted that it was *‘greatiy
mferior to what may be obtained by a different class of exercises.”
Essentially this is a refutation of the doctrine of formal discipline as
it had been applied to arithmetic. , '

Simon Newcomb, who was chairman of the subcommittee on
mathematics, stated in another place that *‘the main end of mathe-
matical teaching—we might say of teaching generally—is to store the
mind with clear conceptions of things and their relations.” ®

Charles A. McMurry stated that the **chief aim of arithmetic is the
mastery of the world on the quantitive side through number con-

1

cepts.”

Vol 1, p.esr. i '

13800 W. C. Bagley: Eduoational Values, p. 188 1., for & historioal account of the reaction against formal
discipline. ~ .

3e¢ the procesdings of the National Educational Association fotlowing 1850 for eriticisms by the leading
oducatorsof the country. These have partioutar reference to aritbmetic, 1380, p. 134; 1881, pp. 3¢, 83, 1086;
a2, pp. 617, 620, . o o

¢ Boe pp. 126-27 for thereport »f invastigations of the teaching of arithmetic in Connecticut.

+O. F. Bright, “ Changes in Behools,” Proc. of Nat. Educ. Assoc., 1395, p. 8.

¢ Statement by Charles W. Eliot, 1802 Quated by 0. F. Bright, “ Changes in 8ohools,” Proc. of Nat.
Educ. Assoc., 1805, p, 364. See also, Charles W. Rilot: Educations] Reform, pp. 186-187, Address, 180.

! Report of Committes of Tén, p. 108. 7 .
* Simon Newoomb: *‘ Methods of Teaching Arjthmetic," Bdus: Rev., val. 31, PP- 33340 This point of
view was originally expressed in 1802. a s

¢ Bpecial Method i Arithmetic, 1985, p. 16.
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W the arrow, there is hut a larren show of sction, and the savage has bis Labaor for 1,s

- thesis the immediate purpose of the author of a text und of the teacher

These last two statements are representative of the pure Herber-
tian point of view and of the extreme reaction against the importance
of the disciplinary function of arithmetic.! A

Anthmetic-a pruchical and socal demand, ~The most mportant
constructive contribution of this period was made by Prof. Jaly
Dewey ? whose fundamental thesis was that the psvehical and soerd
envionment in which we live presents prollems which the human
mind solves by measurement, i. e., by number und number relation. *
Thus number s not a property of objects, but rather it is ** the produ.t
of the way in which the mind deals with objects in the operation of
making a vague whole defimte. " The necessity for nmking these
vague wholes definite grows out of the fact that (1) materinl thine
are “lHmited,” (2 that energy uust be econamized, and 3y that
rmote ends must be attained,

Dewey illustrates these reasons as follows:

(h I every human beingg could nse a* las |\h-u..~\m- all e and D wintesd, 11 s
prolmble that noe ene would ever measore laed with mathematioal exactims e e
might be, of coume—- Crumw Jike- a crude wetinate of the QuANLLY required for o
given purpase; but there would e no definite numerieal valuation in ACTon, s
yanda feet.  Thens woull be no nessd forsuch sceumey 1 food could Tae haod wathe o
trouble ur care, s in sutlivietey fur evervlsady, we dioald wever PUL cur faermye
quart measunes, count off eaes and orangee by the duezen, and wegh out foge by 1w
pound. . )

{24 Bocoure there 1 0 lmit 1o hiuman eneney, when we cmplay e eneney for 1
atiainment of & purpose, the mast frntful results ane sttaimed when there v the et
accurute halancing of the eneney over sgainst the tang 1o be done 1 the armow o
the mvage is too hoavy for hus bow, or if 1 i oo Light o peree the sk of the deer
there i#in both cascs a waste of energy 1f the bow ix s thy k and clunisy that wdl s
strength is required 16 bend it o 0o shight or uneven thst e 01tle momentum is P en

paine. Bow and arrow must be accunately adjurted ta each other in xze, form, ani
wuight; and both have to be ¢quatand (e the muthematioan would R of ladaca o] 1o
the end in view—the Xithng of the gane. . i

(3) Inworking out s certain purpree, for example, one of & serivs of e s Journey ”
o bo undertaken; it 18 of & cortain length it is 10 be completad 11 a @ven tie s o
within & certain maximum of expense, et and s involyva careful cal whatio,
measurement, and numcricsl ideaa.

To this principle Dewey ndded his more general educati mal prin-
ciple that the process of education is most efficiently carried on when
the child is placed in the physical and social environment whiel, de-
mand psychical activity®  Applicd to arithmetic, this means that
o teach it efficiently the school must produce situations which eall
for measurement and the relating of quantities, Aceording to thi-

! Foruxeothennm.emp.ﬂ'x. Q
3James A. McLellan and John Dewey: The Peychalogy of Number, 1895,
®Op. cit., pp. 34,33, 3511, o
10p.dt.,p.82. o

s Op.oit.,p. 33,
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would be to provide these situations.  When taught from this pmnl
of view, arithmetic affords " an unrivaled means of menta!l dise ‘ipline,”
but Dewey does not use "“mental discipline’ in the sense in which it
was used by the authom of arithmetics during the previous period.
Buth the dwsciplinary and the utlitaman functions of arithmetic
recognized at present.—Through the publication of The Psvehology of

Number, and through the exemphfication of hus principles in the -

University Elomentary School, Dewev combined with the resction
against the doetrine of formal dwnphm' n influencing the concept
of the aim of instruction in anthmetic. Soon after the publication
of The Psvchology of Number two series of arithmetics were pubr-
hshied which the anthors claimoed embodied the prineiplés enun-
cinted by Dewey.'  Other authomstialded upon them in part, . These
texts have been a factor in inereasing the emphaus upon problema
taken from practieal situations, and henee upon the utilitarian
value of anthmetie.

The resction against formal disciphne was followed by & counter
action in which educators have recognized the dise |plumr\' function
of anthmetic,? but in general they necorded the utilitarian value
cqual rank, and this appears 1o be the present status. A recent
qiestionnaire was sent to 185 State nornid schools and o 8 city
trasning schools.  Replies were receinved from 65 State nornml
schonls and 3 city training <chools, 1o traunng teachers of mathe-
muties .

\
5 per cent of these schools claim o pay equal attention 1o mathematios 84 a science
ithe po-called cultare value) sud 0 mathematios as'an ast (the soe-called utihitanan
vslue)  About 28 per cent cluim to emphasize niore the cultural aspecs texept in
anthmetice), and 21 per cent put gn-uwr streas upon the utihitios *

In all of this agitation there seems to have been the underlying pur-
pose to adapt arithmetic to the nuture of the childiand 1o the social
dewands which will be made upon him when he leaves school.

Depnition of the aim of anstruction.- Recently seientific mvestiga-
tion has revealed  ant the product of mstruction in arithmetic is
not a single ability  but consists of many abilities.*  The ability o
ddd colunms three figures long is not the sume sbility as to add col-
uinns five figures long."" Esch type of exnmple ealls for a different
sbibity, and thus the product of struction in arithmetic includes
ws muny different abilities as there are ditferent -types of examples.
Courtis has identified 15 different addition abilities* 8 for subtrac-
tion, 11 for multiplication, and 14 for division.

' (rne series was by Mclellan and Ames, 1803; Lhe other by Belfield and lrooks, 1588,

tReo ). W. A. Young: The Tesching of Mathematics, 1906, p. 204; and D. K. Smith. The Teaching of
Arithmetic, 1909, p. 118,

* Training of Teachers of Elementary and Secondary )‘alhenuucs 7. 8. Bu. of Ed. Bul.. 191}, No. 12,

Pk

*C. W. 3tone: Arithmetical Abllities and Soam Faclors l)euanmnmg Them, 1908, pp. 42-43. 8. A, Cour-
Us: Teachers Manual, 194, p. 2. :

$Op. cit, p. 2. ’ . 0




182 * ARITHMETIC AS A S8CHOOL BUBJECT.

This analysis of the product of instruction in arithmetic has made -

- possible more exact and. objective definitions of the aim of instruc-
tion. At present this has been done by Courtis for the funda-.
mental operations with integers.! For any particular grade the
teacher and pupils have for their aim, in so far as it involves the
fundamental operations with integers, to attain the ability tb solve
examples of certain types with' a specified speed and accuracy.
These standards are based upon extensive experimental data gathered
from both schools and the commercial world. These detailed and
objective statements of aimg of the instruction in arithmetic are not
opposed to, but will supplement, the more general statement of

aim,

Less time given to arithmetic in the schools.—During the preceding
period a large per cent of tho total school time was given to arith-
metic. Estimates ranged as high as 50 per cent or more.> The
Committee of Ten, 1892, stated that a ‘‘radical change in the teach-
ing of arithmetic was necessary,” and recommended that the course
be both ‘‘abridged and enriched.” In 1895 the Committee of
Fifteen reported as follows:

Your committee believes that, with the right methods and a wisé use of time in
preparing the arithmetic lesson in and out of achool, five years are suflicient for the
study of mere arithmetic—the five years beginning with the second school year and
ending with the close of the sixth year; and that the seventh and eighth years shoult
be given to the algebraic method of dealing with those problems that involve diflicul-
ties in the tranaformation of q-antitative indirect functions into numerical of direct
quantitative data. N

Your committee is of the opinion that the so-called mental arithmetic should be

:  made to alternate with written arithmetic for two years, and that there should not be
/.7 two lessons daily in this subject (arithmetic).3 .

In another place the committce reports ‘‘that the practico of
teaching two lessons daily in arithmetic, one styled ‘mental’ or
‘intellactual’ and the other ‘written’ arithmetic, is still continued in
many schools.” ¢ Although there was a marked tendency even
before 1892 to combine ‘“wmental” and ‘‘written” arithmetic in the
texts, this practice persisted in some places until very recently.
Separate classes in mental arithmetic were discontinued in Kansas
City, Mo., in 1913.

The following data show the change in the relative amount of tinfe
given to arithmetic in several American cities.

L Op. cit., p. 3.
3 Bee page 126.
¥ Proc. Nat. Ed. Assoc., 1885, pp. 300-301.
+Ibid., p. 2.

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

RECENT TENDENCIES AND DEVELOPMENTS, 138

.

Per cent of total achool time given to arithmetic.!

Jersey ity .. .. L
Kansas City

Loufsville..... ... ..

New York .... ... ..., . .. ...
8an Francisco.

St louts......... .
Raltimore........ . ... ... ... ... ...
Cinclnnati...............0 ...

! The data for 1838 and 1904 are taken from B. R. Pnyne: Public Elementary S8chool Curriculs; for 1890
and 1910 11 from 1. 8. Duiesu of Education, Bulletln No. 4, 1911.  For 1890 and 1910-11, algebra taugbt in
the grades is included.

A recent investigation ! of 50 of the leading American cities shows
that 15.26 per cent of all of the school time is devoted to arithmetic.
However, in the report of the same investigation it is stated that
mathematics is ““less prominent in city systems than in the rural dis-
tricts.”’ This indicates that 15.26 per cent is too low for the country
as & whole. '

While the change in the relative time allotment has been irregular
in many of the cities, and there is little uniformity, the tendency in
city schools seoms to bo to give a little more than 15 per cent of the
school time to instruction in arithmetic, which probably represents a
decrease of 10 to 25 per cent since the middle of the past century.

The conlent of the texts.—Arithmetics are usually published in'the
form of a series which consists of a primary text followed by one or
{wo books for the upper grades. With very few exceptions the pri-
mary toxts aro intended to be comploted by the end of the fourth
grade. '

In theso primary texts, pictures and graphical designs are em-
ployed for representing objectively nuinbers and number relations.
It is frequently suggested that the teachers introduce objects for this
purpose. Denominate numbers are introduced very early in the
texts. Some authors intend that the relations between quantities,
such as pint, quart, and gallon, shall be developed by the children,
and most authors intend that the children shall have some first-hand
acquaintanco with the most common measures.

Dewey contended that number and number relations were the
product of messuring.? Soon after the appearance of The Psy-
chology of Number, in 1895; measuring was made a prominent fea-
ture of & few series of arithmetics, especially the primary texts.
In more recent texts it has been given a place, though with varying
degrees of emphasis. Pupils are asked to tell which is the longest

1 U. 8. Bu. of Educ., Bul., 1911,-No. 13, 2Bee p. 130.

>
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* or which the shortest of a group of lines, to estimate the length of

- lines, to fold paper figures of given dimensions, ete. Tables of do-

nominate numbers are developed by measuring. In the more ad-,

vanced grades, the pupils gather data for some of their problems by

measuring city lots, school gardens, and from the measuring in mak-

ing articles in the manual training shop and in cooking in the domestie

science laboratory. Counting, as a form of measuring, is very con-

spicuous in some toxts. The counting of objects was a part of the

v plan of Colbum. But now they count by twos, by threes, by fuurs,
otc., not counting objects, just counting, '

In some texts there is an attempt to have the child engago in activi-
ties which will demand & knowledge of number and number rela-
tions. Number gamos, such as ring-toss, bean bag,' ete., aro varied
in such ways that fundamental number facts are demanded in deter-
mining tho relative standing of tho participants. Keeping store,
cooking, and othor construction work are used to create situations

. which require a knowlodge of number and number relations.  Mora

v frequently the author of the text describes a game, n store, a bank, a
farm, & factory, or some other activity, and then gives a series ul—\‘
problrms of the type which do arise in such situations. It is suggoested
that when possible tho pupils be taken to visit tho actual industry,
An understanding of the activity in which the problem ocenrs is
regierded as a legitimato phase of arithmetic.

The problems in these lists are for the most part such as actually
do arise in the given activity, and thero is an increasing tendency to
go to the occupation and take problems which have actually arisen.
But as yet this has not been done very consistently. There has been
a vory pronounced tendency to use excessively large numbers in the
problems. For example, in a popular text the first problem under
the hoead, “Our Forests,” is: “If thore aro 672,000,000 ncres of wood-
land in the United States, how many square miles are there 3’ Iach
problem in the list involves a number as largo as a million. Bosides
the practical problems which aro thus grouped in lists, there aro
many drawn from a wide range of sources. This range suggests the
plan of Horace Mann,? but he probably influenced the present situn-
tion only slightly, if at all. Problems of the type, “The area of the
Atlantic Ocoan is 24,651,410 square miles and this is 49 per cont of
the area of the Pacific Occan. What is the area of the latter?” aro
prevalent. '

The Speer method.—Another interpretation of the child with
respect to afithmotic was made by William W, Speer. The basis of
his plan for arithmetic was that number was s ratio obtained by

comparing two magnitudes. He devised a-set of solids which the

} A number of such gamos are descrited (n The Teaching of Arithmetic, by DD. E. 8mith, ch. 14.
*Bee p. 117, .
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pupil was to handle and compare. The pupil's idea of number and"
the operations upon them were to come from these activities. This
idea of ratio permestes the whole of his texts, which wero published
in the later nincties. The plan had been conceived by Tillich many

. years before, However, thero is no direct evidonce in Speer's texts

;

to show that he was indebted to Tillich. The question of the
originality of the work is of little importance, for, while the “Specr

method™ atteined some popularity, it never became widely used,

and there is very little trace of it in our present popular texts.”

Omissions. —Tho texts of the previous period contained topics and
problems which had little or no practical value. The report of the
Committoo of Ten, which we have taken as marking the beginning of
the recent period, contained the following recommendations with
reference to these topies: -

Among the subjects which should he curtailed, or entirely omitted, are compound
proportion, cube root, abstract mensuration, obsolete denominate quantities, and' the
greater part of commercial arithmetic.  Percentage should be rigidly reduced to the
needs of actual life. In such subjocts a8 profit and loss, bank discount, and gimplo
and compound interest, examples not easily made intelligible to tho pupil ahould be
omitted. Such complications as rosult from fractional periods of time in cotmpound
interest aro useless and undegirable, (P, 105.)

F. M. MeMurry, in an address before the National Departmuent of
Superintendence, 1904, enumerated a list of topics which he thought
might woll be omitted.  The-curtailment which he advocates is some-
what in excess of that recommended by the Committee of Ten, but.
in general agrees with it. ’

In 1911 the International Commission on the Teaching ¢ Mathe-
matics, referring to the above rocommendations, report trat “only
38 per cent of the 50 largest cities have followed out the recom-
mendation. ! _

In & more rceent investigation * a questionnaire was sent to city
superintendents to which 867 replies wero received. A majority of
theso favored climinating apothecaries’ weight, furlong, dram, quarter
in avoirdupois, compound proportion, unreal fractions, alligation,
and progression, and less than a majority favored eliminating Troy
weight, rood in square measure, surveyors’ tables, foreign money,
folding paper, roduction of more than two steps, long method of
grentest common divisor, least common multiple, true discount, cube
root, partnership, compound and complex fractions, cases in per-
centage,” snnual interest, longitude and time, metric system, and
aliquot parts. However, a majority favor either eliminating or
giving less attention to all these topics. On the othar hand, from
three-fifths to three-fourths of these superintendents favored giving
more attention to addition, subtraction, multiplication, division, and

' Mathematicsin tho Elementary 8choois of the United Btates,U. B. Bu.of Educ. Bul.,No. 13, 1911, p. 17.
3 W. A. Jessup: Feonomy of Time in Arithmetic, Ele. Sch. Teach, Val. X1V, p. @1, .
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fractions. A majority favored giving more attention to saving and
loaning money, taxes, public expenditures, insurance, apd -public
utilities.

The course of study.—The grado occurrenee of arithmetic topics
based upon 47 courses of study is given in the following table: !

Arithme. « topics in the various grades. Connersiille (Ind.) public schools.

Grades. !
Subjects. — - = oo — =
N 1 [SENERS 13 B AN v .\ll\l! AT
Numeratjon.. . [ N Y | 4 | 4 1
Notation...... 3, 3933 ia s 4, 1
Relation of numbers. ... . Py, 8 ‘ 5 M4 4 k)
Aubmraction |11 ul om| i B w8 & 3
0 e 24 K g 2
- Multplication....... ..... . ... R .'wl 25| 15 l | N [ I
Division. ... I T G 1A B A L N L I T I P
....... 0w X 2 3] 4 ®| m 24
. . LD on 20 | PR 0. 31 Pl »
Involution and ewolnmun . e e oY ST | Y 2 I
Decimal fractions........ .. L Vo .. 5 ., 12 ~ |
Mensuration........ © 90 o aooss @ ooomoo  ad (] I L IR (VS b 12! 14 1+ 12
llulupl\mtlon tables. . 8| i ils 7 f
Commlssion and brokerage ! : 3 e O G
ansunnoe ... 0 [0 5
o 08N 7. 10 1 N
Ratio and proportio e o8 aaoo g 0o o 3 6 ]
Partnership................. e . e eonda T 4
Partial payments.... . . o, e Lo 3 5
Q.C.DhandL.C.M.... ... . . . P .. ! .
1.ongitude and time . . .7 !
Profit and R 17 Q
Taxes. . . 14 3
Banki b
ng ] 6
Exchange. ... A 4 4
Simpleinterest. ... .... .. ; pA 4
8tocksand bonds........... .......... ... oo LT | 6 »
Business forms........... ... [ [ 15 [
Bimplesocounts...... ... ... i | 3 6, 5 3 3

Since only 47 courses are included, it is very evident that several
topics must he taught in one or more grados and, on the other hand,
some of the topics have been eliminated in some of the cities. lmr
example, partial payments occur only 8 times in 47 courses of study,
Hence this topic has been ellmmat,ed in at least 39 out of the 47
cities.

The International Commission on the Teaching of Mathematics -
summarized their findings on the course of study as follows:

Grade 1.—More or less incidental number work or number work correluted with
manual truining or with some other definite subject. Variations: From no uumber
work at all to very formal work on addition, subtraction, and the multiplication
tables.

Grade 2.—Number work correlated with other subjects. Addition facts empha-
sized and in many places the mulupll( ation table begun. Variations: In a few
.schools there is no number work; in gome, at the other extreine, division is taught.

Grade 3.—-The procese of nddmoq and subtraction mastered, together with sume
work on the muluphmnon tables, the tables often being completed. Variations: A
few schools give no work at all, while some give considerable work in fractions.

\ tabje Is from the Course of 8tudy in Mathematics, Connersville (Ind.) Public 8chools, 1911. Thl' :
4 tabuh was made by Mr. G. M. Wilson, then the nuperintondem of schools. The courses of study
rep cities in 33 different Btates.
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Grade 4.—Multiplication and division mastered.  Variations: Fractions are taken
‘up in many achools. '

Grade 5.—lractions mastered, some decimals introduced, denominaté numbers
employed. * i 5

tirade 6.—Decimals as related to cornmon fractions, with much problem work. In
some schools simple interest and percentage are begun.

Girade 7.—Percentage and some of its applicationa.

tirade 8.—Business applications of percentage; mensuration of solids.  Variationa:
No arithmetic st all in the whole or latter hall of the grade; the time devoted to
slgebra; algebia combined with arithmetic.!

Returns from 754 cities show that seven-tenths of 1 per cent intro-
duce a text in the first grade, 8.7 per cent in the second, 56.1 per cent
in the third, 27.7 per cent in the fourth, 6.1 per cent in the fifth, and
seven-tenths of 1 per cent in the sixth.?

Tho variations in school practice which these investigations show
are significant. The courses of study have not been constructed sci-
entifically. The occurrence of topics is due to tradition and oplnion.
Many of the distributions of the occurrence of topics resemble chance
distributions.’ .

During the period from 1821 to 1892 the systematic study of arith-
metic was usually begun when the child first stdarted to school.
Sometimes that was as early as the age of 3 or 4.4 The Committee -
of Ten say: “The course in arithmetic thus mapped out should
hegin about the age of 6.7 F. M. McMurry said, in 1904:

Tn addition to all of these, arithmctic May be omitted as a separate study thmughout
the first year of school, on the ground that there is no need of it, if the number inci-
dentally called for in other work is properly attended to.

Some writers within the last few years have gone on record as say-
ing that the systematic study of arithmetic should begin in the fourth,
grade. Investigations show that in some cities no systematic arith-
metic is taught in the first three grades, and it appears that therptas
been a movement in the direction of delaying the systematic Btudy
of arithinetic until about the fourth grade. When arithmetic is not
studied systematically in these primary grades, incidental instruction
in the subject is usually given by means of number games and in”
connection with the other subjects.

The organization of the texts.—Prior to this period the genera) plan
of the practical arithmetics had been topical, i. e., addition was com-
pleted before’subtraction was begun, and in turn subtraction was
completed before multiplication was begun. This was also partially
true for the primary books, but beginning about 1896 texts began

1 Op. cit., pp. 18-19. , .

1 W. A. Jessup: Grade for Introduction ofa Text in Arithmetic. EL Bch. Jour., Vol, XV, p. 163 (Nov.,
1914). ’ o

s Bes Mathematics in the Elementary Schoolsofthe United states. U. 5. Bu. of Educ., Bul. No. 13, 1911,
pp. 19-32.

¢ See p. 92.




O

ERIC

Aruitoxt provided by Eic:

138 . ARITHMETIC AS A BCHOOL SUBJECT.

to appear which were organized upon what has heen known s the
“‘gpiral plan.” o ’

The Werner Arithmeticg, by Frank H. Hall a three-hook series: for
graded. schools, and The fall Arithmetics by the same author, 4
two-book series for graded or ungraded schools, were piopeers in the
exploitation of the spiral plan of organization. A copy of the
Werner Arithmetics, Book I, which T have bears the date 1896,  As
to the plan ot this text, Mr. Hall says in the preface: - i

The firet five lines of this book present problema in adition, subtrction, multiphi-
cation, division noting the number of groupe, and division noving the number in e
group.  Then, by a kind of apiral advancement, the pupils move around this cirele
and upward through all the intricacids of combination, separation, and comparison of
numbers. .

The arrangement of topics is unique and convenient. In this book measurenient
problema appear on pagea 43, 53, 63, 73, ete.: 8 certain class of fraction problems on
pages 45, 55, 65, 75, ete.; facts of addition, subtraction, multiplication, and division
on pages 41, 51, 61, 71, ete. This decimal arrangement of subjects makea the books
almost as convenient for reference as are the bwoks that are made on the strict ¢lassi.
fcation plan, while the frequent recurrence of similar mattor insures thorough résiew.

This spiral arrangement, which was followed in the other texts of
the series, found favor very quickly. - Within the next few years g
number of texts were published which were organized upon the sjpiral
plan. A few were as extreme as The Hall Arithmeties, hat i
general the spiral plan was modified in part.. The spirals were less
numerous, and the “decipial arrangement’” was not followed,
Within the last few years there has been a pronounced reaction.
Theo spiral plan has been severely criticized, and authors of some of
the spiral ftexts have found it fmcossury to revise them, eliminating
some of the spirals. At present the consensus of opinions seems {o
be in favor of & moderato spiral for grades one 1o four, a topical plan
for grades seven and eight, and a transition fron.. the one plap to the
other in grades five and six: Some authoritics, while agrecing with
the above general opinion so far as the actual instruction I8 concerned,
contend that the best results can be obtained from using a topical
text above the primary grades. The teacher can then adopt a spiral
which will meet more nearly the needs of the dommunity and the
particular cluss. :

The Grube method.— Grube (1816-1884) was a German whose
““claim to rank as an educator lies largely in his power of judicious
selection from the writings of others.”! The features of Grube's
writing which stand out most clearly are objective teaching, the
measuring of each number with fixed units, the spiral or concentric
circle plan of organization, thoroughness and complete mastery,
making of ea¢h arithmetic lesson a language drill, and the simul-
taneous teaching of the four fundamental operations for eath number.

! D. E. 8mith: The Teaching of F} Y Math fca,p. 8.
' J

'
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Grube presented his method in **Leitfaden fir das Rechnen in der
Elementarschule, nach den Grundsétzen einer heuristischen Methode "
{Guide for Reckoning in the Elementary School, according to the
Principys of a Heuristic' Method). This was published in 1842
The beginning of the method in this country dates fror 1870, when
F. Louis Soldan presented to the teachers’ association of St. Louis
an account of Grube's plan for teaching the numbers 1 to 10. The
pan was tried in the St. Louis schools and later clsewhere.  In 1876
Soidun presented the remainder of Grube's plan, which includes the .
numbers 10 to 100 and above, and common fractions. This was
mtended to &over the, work of the fist four vears.,  In 1888 Levi
Seefdy wrote Grube's Method of Teaching Arithmetic. This is really a
complete text for the first four vears. .

The method rapidly became popular in many sections of the

.muntry. One writer suggests that the reason for the popularnity of

the method in this country was due to Grube's$riginal treatise being
brief and written so as to be easily translated and to the fact that it
was a “‘German’’ method. Furthermore, it scems that the friends of
the method, or at least those who first used ity saw most clearly the
good features and emphasized them to the partial or entire exclusion
of the less desirable features. Doubtless they, in their enthusiasm,
secured commendable results.  But as is often the case, as the method
was passed on to other teachers, the attention was fixed primarily on
the most obvious phase of the method, which said that the four funda.
mental operations should be taught for each number before the next.
was taken up. Thus within' recent vears this single feature has-
come to stand for the Grube method.

Grube's method has been severely eriticized by several recent
writers on the teaching o arithmetic.  As a plan of teaching it has
been diseredited.!  Much of Grube's method was not new to the
United States.  In fact all the features are to be found in texts pub-
lished prior to 1870, though some were not. given guite as extirme
form. Objective teaching Began with Colburn. Davies held that
the unit was the basis of all numbers and treated each number “‘as g
collertion of units.” Emphasis had already been placed upon
thoroughness witd drill in language. In the Child’s Book of Arith.
metic, 1859, D. . Colburn approximates the (.'011(1911}1"i(1 cirele plan
and the simultan~ous teaching of the four fundamental operations,
However, this does not alter the fact that Soldan introduced the
Grube method -directly from the writings of Grube. :

The relation of the Grube method to the spiral plan.—The opinion is
prevalent that the spiral plan is simply an’ outgrowth of the Grube
method. However, the writer has failed to find evidence to show

}8seD. E. Bmith: The Teaching nf Elomentary Mathematics; McMurry: Special Method in Arithmetlc;

- McLellan and Dewey: Psychology of Number. 1t is also trus that,in {ts entirety, the method did not

galn any considerable prestige.
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this.” In fact, there is evidence to indjcate thtu the spiral plan‘was
the result of attempting to fit the organization of arithmetic to the
child and to secure thoroughness,

The texts of the previous period were topical, but the order pursued
by tha pupil was spiral. Not only this, but there were frequent
review exercises. Now, when the slogan was *‘adapt arithmetic
to the child,” what would be more natural than to put the spiral into -
the text rather than leave it to the pleasure of the teacher. Thorough
ness was the cry, and psychologists were saying that only by repeti-
tion 18 thoroughness secured. Then, the plan of the text make
repetition certain. Frank H. Hall suggests this conclusion when
ho says, ‘‘Proper sequence with reference to the pupil has heen
constantly in the thought of the authe- in his selection and arrange-
ment of matter,” and later, ‘‘the frequent recurrence of similar
matter insures thorough review.” , '

A careful comparisorc of the Grube method and the spiral plan
reveals many essential differences and few points of contact. Grube
did not go beyond the work of the fourth grade. Within the vear
his spirals were all of the same size; no new 'matter was admitted in
the successive revolutions. The spiral plan usually provided for
. some preliminary number work in which the pupils learned to connt
; (Hall says up to 100). Also they learned some of the number facts.

Grube did not provide for this. The spiral plan did ‘not make the

magnitude of the numbers the basis of the spirals. Furthermore,

the work of Grube had been severely criticized by Dewey in 1505,

‘Rationalizing the teaching of arithmetic.—The changes in the aim,
subject matter, and organization of arithmetic, together with other

; factors, have combined to change the method of teaching arithmetir,
| The present period has been one of transition. Perhaps less has been

accomplished in modifving the method of teaching than in the other .

aspects of arithmetic. Certain it is that school practice has fallen

far short of realizing the ideals of method proposed by leaders in
arithmetical reform. :

The most important factor in this transition hasbeen the child,
and progress has been made in the direction of adapting the methud
of teaching to the nature of the child as revealed by modern psychol-
ogy. But this progress has been attended by unfortunate wanderings
after ‘‘single idea methods’” and devices. llowaver, the period has
been marked by progress. Methods which in themselves are open to
serious criticism have rendered service by making obvious defects of
the dogmatic, memoriter, disciplinary methods of the past.

Development of topics.—It follows immediately from Dewey's

- first thesis that the pupil’s understanding of number and opeérations -

with numbers must result from his own psychical activity. This

implies that it is the function of the teacher to provide situations
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which’will oxercise the pupil’s mind and to sim.p'l.\' guide the pupil in
this’activity.  The method of such teaching would consist of a plan
for providing situations which call for the use of number and number
relations, for moving the pupil to work upon them, and for guiding
the activity of the pupil.  The plan for guiding is to be based upon
the normal way in which the child’s mind works in ** making a vague

—whole definite. .

The Herbartian plan.—The leaders in the Herbartian movement in
the United States emphasized inductive thinking, and their concept
of inductive teaching becama quite popular and was applied to arith-
metic wlong with other school subjects.

Charles *. McMurry says:

“The nl;uly of arithmetical processos furnishes one of the heat opportunities to
apply inductive methods.  And nearly every topie in arithinetie has these twe
phases: First, o derive theso general proceses, second, to apply them variously to
important practical and theoretic affair that need arithmetical (-h.lril‘n‘ali(m.‘

The derivation of “‘these genaral processes” consisted of the steps
(1) preparation, (2) presentation, (3) comparison and abstraction,
and (4) generalization. ’

Tho Herbartian plan applied to arithinetic was received with
enthusiv.m by ma., teachers and was by tiem unquestioned,
The attempts to use it in actual teaching beeamo and aro, to-day
widespread.  But the Herbartian plan of inductive development
has been severely eriticised,? and it has been pointed out, that it is a
special ease of reflective thought with the steps of problem, data,
hypothesis, and verification.  In additjon, the practice of developirg
or rationalizing every topic in arithmetic has been criticized recently
by some educators.  They point out, that somo parts of arithmetic,
such as the fundamental operations, must be reduced to habit if
they are to function efficiently. They contend that to attempt to
explain the “why " in such processes as “carrving™ in addition and
“horrowing™ in subtraction “is merely to stir Up  unneeessary
trouble, trouble unprompted by any demands of actual oflicieney.”

Thie position with respect to rationalization is summarized by
Suzzedo in his book, The Teaching of Primary Arithmetic, 1912,

He says: - g

(1) Any fu L or process which always fecum in an identical manner. and occurs with
suflicient frequency to be rememberod, ought not 1o be * rationalized ™ for the pupil,
but *habituated.”™ * ® * () If g process dous recur in the same manner, wut ia
#a littlo used in after life that any formal method of solution would be forgotten, then
the teacher should "‘rationalize” it. * * * (3} If the Pprocess always doos occur
in the same manner, but with the frequency of its recurrence in doubt, the teacher
should both *habituate” and *rationalize.” * * * (4] When & process or relation
islikely to be expressed in a variable form, then the child must be taught to think
throngh the relations involved, and should not be permitted to treat it echanically,
through a mero act of habit or memory. - g

! 8pecial Method in Arithmetic. p. 60. See pp. 185-167 for some lessons planned according to this method,

. *8ee 8.C. Parker: The History of Modern Elementary Education, p- 425 . for o summary of these

eritfeisms.
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This reactionary movement should not be interpreted to mean a
return. to the former memoriter plan of instruction and drill. It
indicates rather that mental processes are being carefully examined
and modes of instruction are chosen with reference to the subject -
matter involved and the end sought.

In the Herbartian plan, deduction came in the step of application
and was treated as an incident in the total cycle of inductive develop-

.ment. But it has been pointed out that in life we make many
deductions for every induction, and that in the rationalizing of
arithmetic deduction has an important place. Itis also a special form .
of reflective thinking, the distinction being that the general principle -
is a part of the data, and the hypothesis consists in subsuming the
particular case under the appropriate rule!

Motivation. Interest as a motive.—Along with the efforts to adapt

* the mode of instruction to the child, there have been endeavors to

~ work out plans for seturing incentives for the mental activity of the
child. In reacting from the plan of securing motive by rivalry,
emulation, fear of punishment, etc., interest was conceived of as a
motive, and the plans for securing motive were plans for arousing
interest. Interest and its attendant coniditions were very imperfectly
understood by the great majority of teachers, and blunders were
made in attempts to arouse interest. .

For instance, it was proposed that children like easy things, that .
difficulties were uninteresting. Henco to make arithmetic interest-
ing, make it easy. So difficulties were divided' and subdivided
or removed. Tho pupil was ‘“prepared”” by the teacher for each

- * topic. And this anemic subject matter was to -be intoresting
and attractive to the pupil because it was easy. Or, the uninteresting
became interesting when ‘‘associated "’ with the interesting. Hence
to make an_uninteresting topic in arithmetic interesting, * associate”
it with some activity which the pupil has already found interesting.
For example, children are interested in games; they are not inter-
ested in the multiplication table. Thus to secure interest in the
multiplication table, associate it with some game. This has been
done by devising a game with which the multiplication facts could be

‘‘ associated.” ‘

The efficacy of this plan depends upon the interpretation of the
word “associate.” If it is taken to mean that the game is to be so
arranged that the pupils will need, or find useful, the number facts to
be taught, the number facte will become interesting. They are then
a means to a valuable end. But this was not the way it sometimes
worked out in practice. A recently as 1911, an author gives a lesson
plan of teaching the multiplication table of fours in which the game
of bean bag is to be utilized. The pupils have already played it in

E ¢ For deduction spplied to arith ic, ses Btrayer: A Brief Course in the Tesching Process, p. 182,
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learning the tables of twos and threes. According to this plan the

- tencher says to the pupils: “If we are to make large scores, what table

must we learn next? How many think they can learn half of the

table of fours to-day? If youlearn it, we will play our game ten
. minutes.

1y

In this case the “association” of the gamewith half the
table of fours consists of holding up the game and its attendsnt
pleasure as a bribe for memorizing three multiplication facts. The
subject matter bears no intrinsic relation to the value to be con-
trolled. .

In contrast to this emphasis upon making arithmetic interesting,

there is an increasing tendency to recognize that parts of arithmetic;

perhaps most of arithmetic, are in themselves immediately intoresting
to children. " This is particularly true of the work of the primary and
intermediate grades. D). E. Smith says: “Such statistical informa-
tion &3 wo have shows that arithmetic has always heen looked upon
by children us onc of the most interesting subjects of the course.”
Since'the publication of The Psychology of Number there has hean
an incroasing tendency to secure motive for work upon arithmetic by
having the child feel tha need for number and number relations
before he is asked to study them. D, E. Smith says: ' This ideal is
not always easy to realizé, but we are approaching it in our education
of children, and the tendency is a healthy one.””* The teacher is to
cause the pupil to feel a need by taking advantage of the quantitative
situations the pupil meets in his life outside of school and by so setting
tho stago that ho,will meet others. The latter plan is illustratod when
the pupil undertakes a project in’ the manual-training shop or in the
domestic-science laboratory and discove:s that he needs arithmetic,
or when arithmetic i3 taught incidentally. Need is also felt when a
pupil experisnces difficulty in controlling a situation efficiently. In
such a case he needs a better method of control or drill upon his

- present method. The attempt to make arithmetical problems *‘real”’

and *“concrete” has been prompted, in part, by the desire to secure
motive. : A

Objective methods.—Prior to this period the use of objective mate-
ris}h had become rather indiscriminate, and often was looked upon
as an end in itself. The significant feature of the ebjective teaching
of this period has been a tendency toward a more refined correlation
of the pupil's “experience with the social problem or subject in-
volved.” The objective materials have become more varied, and
there is an increasing tendency to look upon them simply as ‘a
means to an end. These changes have resulted in a wider distri-
bution of objective methods, but, at the same time a clearer under

- standing of the function of objective materials has resulted in the '

total objective teaching being reduced.
! 8trayer: A Brief Course in the Teaching Process, P. 180.° 7 The Teaching of Arithmetic, p. 87,
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Correlation,.—When' attention was focused upon the child the
unitary nature of his life outside of school was revealed. In con;
trust, the course of study portioned out the child's time to the
several school subjects, and 'h sject jealously  guarded its
apportioned perind, resenting any encroachment.  Each schoul sub-

ject was taught isolated from the other subjects. The topieal

a Tangement of texts, a3 in the case of nrithmetic, tended to ixolute
topics within a subject.  And to a very considerable extent the
work of successive days was isolated.  Within the recent period
plans for relieving this isolation have been proposed. Because of
their bearing upen the teaching of arithizetic, some of them are
worthy of our notice. The subcommitteo of the Conmittee of
Fifteen appointed by the National Education Association,. 1843,
reporting on the correlation of studies recognized five “staple
branches of the elamentary course of study.”  These were gram.
mar, literature, arithmetic, geography, and history. They con-
tended that *there should be rigid isolation of the elements of -each
branch.” A .

In opposition to this, plans of concentration were proposed,
A subject, or a closely related group of subjects, was taken us a
center and all other school subjects were made subsidiary, A
well-known attempt at concentration was made hy Cal, FoOW
Parker at the normal school of Cook County, 1L He cone entrated
the curriewlum’ around the scientific subjects, elementary science,
geography, myth, and lisgory.  Anthmetic was simply s means
for controlling arithmetical situations within these. subjects. By
using it as a tool, arithmetic would be sufficiently learned.  In fuct
Col. Parker believed that geography alone is sutlicient.

If the child had no other study than that of yeography, and the exervime of the
numbering faculty met the necesitios of the child’s increasing knowledpe. both

of obrervatior and imagination, the opportunities for the scquisition of the knowt
edge of arithmetic, as it is now undenstood, would be fully adequate !

Charles A, McMurry, in The Elements of General Method | 1903,

.advocates correlation, This he defines as “‘such a connection be-

tween the parts of each study and such & spinning of relations
and connecting links between different seiences that unity may
spring out of the variety of knowledge.” This is opposed to »
plan of concentration such as proposed by Col. Parker. Each

important study is to be isolated for purposes of instruction. But

correlation also means that arithmetic is to be taught so that every
unporgant topic will be seen “in its natural relations to topics in
other studies, thus binding the studies together in a multitude of
close interrelations.” In this way arithmetic, though taught as
a separate subject, is to be correlated with geography, clementary

_science, history, etc. This is .tf)‘_l)e done by takxizg problems from

_ Talki on Pedagogics, p. 1. 5\\
A i
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these subjects for part of the work in the arithmetic class and by
using the knowledge learned in the arithmetic class as a tool for
the hetter undemstanding on these other subjecta. _

By some, correlation was given additional meaning, Connection
was to be made betwoen topies within a subject, and even between
the lessons’ of successive days. This was to be accomplished by
a proper ordering of the topics and by reviews. To review the
previous lesson  to secure the connection became with many a
necesaury mark of good teaching.” :

Drill.-1f one may draw conclusions from the texts, the empphasis
upon drill as a factor of the teaching process has, in general, in-
crensed in this period.  All of the more popular texts give much
space to exercises for rapid drill. Some are in the form of special
devices whose funetion 19 to assist the teacher in calling for com-
binations rapidly and in a variable order. A device which seems
to be standard, but which appears in several VATIAtioNs, consists
of & mumber surrounded by other numbers placed along some con-
tour. By choosing appropriate numbem this device may be used
for drill wpon any of the fundamental operations. The device may
be used directdy from the text. or it may be transferred to the
blackboard.  In either case the teacher designates & number on the
contonr, and |Imepila are to_perform the required operation upon
. For example Af the process is division, the number in the center

3 N, nnd the number disignated on the contour is 72, the pupils are

-0 S

Other plans for securing rapid deill upon: the fundamental number
facts are counting by twos, by threes, by fours, ete., adding numbers
as the teacher writes them on the board or dictates them, and using
drill cards which have exercises upon them. - The pupils may be
divided into groups for number contests, the group winning who
does the work the most rapidly or the most accurately; or, instead
of dividing the class into groups, all may work all the eXercises,
and scores be kept. At the end the tatal scores for the set of exer-
cises are computed, the pupil making the highest score heing the

- winner.. It has been urged that sonfe time each day be devoted (o

rapid drill.  One authority states “about five minutas a day devoted
to rapid oral work are sufficient to keep grammar-school pupils in
practice.”  Besides this “‘rapid oral work,” he contends that there
should be a definite amount of rapid written work every day. The
median per cent of time given o strictly drill work in arithmetic
in 564 cities is a3 follows for the several grades? First grade 43 per
cent, second grade 50 per cent, third grade 53 per cent, fourth grade
47 per cent, fifth grade 39 per cent, sixth grade 31 per cent, seventh

~ grade 22 per cent, and eighth grade 17 per cent. But notwithstand-

1W. &, Jeasup, “ Roonomy of Time in Arithmaetic,” Elemsntary Sehool Teachar, Val. X1V, p. $%4.
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ing this increased emphasis upon drill, skill is regarded less as a
primary aim than heretofore. The function of drill is being better
understood. "

Scientific investigation and experimentation. —’I‘he pioneer it this
field was J. M. Rice,! 1902, who atternpted to evaluate the ex-
cellence of instruction in anthmetnc by measuring the results of

- that teaching and to determine what factors contribute to superior
results. He gave a test to 6,000 pupils in the fourth to eighth
grades, inclusive. On the basis of the data obtained he eliminates
as controlling factors home environment, size of classes, time of
day which a class recites, age of pupils, time devoted to arithmetic,
amount of home work required, method of teacking, and general
qualifications of teachers, and concludes that the quality of the super-
_vision is the controlling factor in determ'ming the achievement of
pupils in arithmetic.

The procedure of Rice’s investigation is open to criticism as might
be expected of a pioneer study, but it stimulated and inspired other
scientific investigations and ‘experimentation. The major prob-
lems attacked have beén: (1) What is the nature of the product
of instruction in arithmetic? (2) What factors are most effective in
producing arithmetical abilities?  (3) How to measure these abilities

.and to set standards of attainment in these abilitics. (4) The
detormination of superior methods of instruction and courses of
study” by scientific experimentation. (5) A scientific analysis und
study of the learning process as it occurs in the case of arithmetic.
The most extensive work on these problems has been by S. A
Courtis,” who received his inspiration and stimulus from an investi-
gation by C. W. Stone’ In addition to ymtifying elementary
arithmetical abilities, which we have mentioned on p. 131, Courtis *
has devised tests for measuring these abilities. and has set i,entati_ve
standards of attainment in them. His standard practice tests and
the manual which accompanies them represent the .product of his
study of methods of instruction and the learning process. The most
significant feature is & plan for giving individual mstruuum to pupils
when formed in classes. ‘

At prosent there is much scientific investigation and experimenta-
tion which is resulting in an accumulating hody of data which can
be used as a basis for directing the (levelopment of arithmetic as a
school subject in the decades to come. This is the niost conspicuous
tendency at present, and the indications are that future developmvut
will be made in this way.

P

] “Edmuoml Reséarch, A Test In Arithmetle,” The Forum, XX XIV: 281-297. *‘Causes of 8uccoss
snd Fallure in Arithmetic,” The Forum, XX X1V: pp. 437452,

% Bee bibliography for & list of his published material. -

® Artthmetical Abilities and Some ¥ ~rtors Determining Them.
"4 Maoual of Instructions for Giving .ne Courtis 8tandard Tests, Department ol Cooperative Ra-uch
: Detroit, mmcmnuummm W(rldBookCo
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Chapter XI.
SUMMARY.

The place of arithmetic in education.—During the ciphering book

period arithmetic was a part of the school curriculum in those towns
where it was demanded as a tool of commerce. In communities
whose interests were not commercial and in the rural districts it was
frequently not given a place in the plan of education and was con-
ceded to possess little or no educational value. When arithmetic
was taught under these conditions, it was simply as a concession to its
practical utility. This early attitude was modified somewhat before
the close of the ciphering book period. The commercial need for
arithmetig had become more widespread and more universally
mcognizeg. When the Colonies became a free and independent
Nation and a Federal currency was established, intefest in arithmetic
was greatly augmented. In 1729 the publication of the first arith-
metic,by an American author had passed unnoticed, but the appear-
ance of Nicolas Pike’s text in 1788 marked the beginning of interest
in improving the subject matter of arithmetic which was manifested
by the publication of many_texts. &Y the beginning of the nine-
teenth century arithmetic had been given a place in the schools,
though not one of first importance. There is some indication of the
recognition of an educational value in addition to the practical
value. But to Warren Colburn is due the credit for initiating in
this country the movement which gave to arithmetic the place of
first importance in the curriculum of the elementary school and
which caused some to exalt it as a newly discovered ““royal road”
“to learning. . ,

Recently there has been a reaction from this extreme disciplinary

conception of arithmetic and a return to arithmetic as a practical |

subject. But the meaning of practical is not that of the efghteénth
century. Arithmetic now represents tools which the child needs to
. control his present and potential quantitative situations. These
tools are to e organized in accord with the nature of the child ‘and
as the child works out methods for controlling these quantitative
situations and organizes the arithmetical tools which he has acquired,
srithmetic fulfills ite disciplinary function in his education.
The content of arithmetic'and its orgarfization.—Two complementary

tendencies are revealed in the modifications of the content of arith-

metic. Practical demands and the desire of the arithmetician for a
' - 147
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logically rounded-out science have caused subject matter to be added,
and tradition has fended to keep subject matter which has once
been added. New subject matter has been much more rapidly
incorporated than obselete subject matter has been discarded. The
most conspicuous change of emphasis has been in reference to the
rule of three. Formerly it was the great topic, the “golden rule”
of arithmetic. Now it has been reduced to the inconspicuous topic
of proportion. Evolution has been reduced from an array of specific
rules for roots up to the ‘‘squared square-cube root’’ until now only
square oot is drequently given. Some topics, such as permutations
and combinatlons, position, and infinite series, have been transferred
to more advanced cou¥$es in mathematics. Other topics, such as
fellowship, certain tableslof denominate numbers, much of exchange,
tare and trett, alligation, duodecimals, annuities, etc., have been
dropped as topics because the need which they satisfied no longer
exists. On the other hand decimal fractions now occupy a much
larger place. This has been due to the introduction of a decimal
» currency. In this way the relative importance of common fractions
has been lessened, but they now occupy more space than formerly.
More significant than the increased space given to fractions is the
fact that they have been moved forward in the course.

The first great change in the subject matter of arithmetic came
with the work of Warren Colburn. He introduced primary arith-
metic and intellectual or mental arithmetic, gave a place of promi-
nence to common fractions, and omitfdd the rule of three and other

: topics as such. Many of the omissiong for which he took a stand
have since been made, and others are at present being urged.

Arithmetic being a practical subject, the problemrs, for the most
part, have been practical when they were introduced. As conditions
changed, some problems were no longer practical. Tradition tended
to keep these in the texts, the result being that our texts have con-
tained a number of problems from obsolete or obsolescent situations.
A few arithmetical puzzles have always found a place in our texts.
When the disciplinary function of arithmetic was emphasized, the
number of such puzzles was much increased, particularly in the
mental arithmetics. Recently.the force of tradition has been very:
much weakened, and there has been a tendency to reduce the number
of arithmetical puzzles and to insist that practical problems be
practical. These practical problems are to be drawn from a wide
range of human activities and 4from the child’s own life.

In the larger features of organization we have had many variations
and combinations of the o?ginal topical plan and the more recent

—

spiral plan. From a strict}ff topical organization we have come to
a moderate spiral for gradeb oné to four, followed by a transition to a
topical organization in’ grades seven and eight. In the details of
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organization the logical, deductive order of the past has been re-
placed by an attempted psychological order. Here again credit is
due Warren Colburn for making the break with the past by organ-
izing his texts upon the inductive plan. Following Colburn there
was a partial relapse to the old logical deductive order, but recently
there has been a movement toward the form and spirit of Colburn’s
organization.

Methods of teaching arithmetic.—Before 1821 the-teacher’s function
was to set ‘‘sums,” toll rules, and pass upon the correctness of the
pupil’s work. This instruction was given to the pupils individually.
After 1821 pupils were usually instructed in classes, and in practice
the technique of dealing with pupils in classes became almost synony-
mous with methods of teaching. However, the concept of th® func-
tion of the teacher was enlarged to include explaining the process
and problems. Colburn and some others believed that the teacher
should guide the pupil in developing his own rules. Some emphasis
-was placod upon drill, and much emphasis upon exact forms of analy-
ses.  Colburn’s ideas concerning the teaching of arithmetic were as
progressive as were his texts, but he failed to exert much direct
influence upon the mode of teaching. Recently, starting with an
analysis of the nature of the child, a clearer conception of the sub-

ject matter involved and the goal to be attained, more rational
h methods of teaching arithmetic aro being worked out. In these
rational. methods direct instruction and drill have a place. Motive
by appeal to artificial incentives has been supplemented by motive
secured by interest and by need. The spirit of present-day methods
is to assist the child by making the instruction coincide with the
natural working and development of the child’s mind. Although
Warren Colburn has influenced the present methods of teaching
arithmetic scarcely at all, yet we are distinctly roturning to the spirit
and form of his methods. Wae are now, like him, studying the child
for the basis of our methods.- ‘

The men who have made our arithmetic.—Warren Colburn without a
doubt occupies first place, because of his influence in stimulating
and directing the development. Much of our present arithmetic we
owe to him directly or indirectly. He himself was much greater
than his influence has been, and his writings are still sources of infor-
mation as well as inspiration. To Joseph Ray we should give second
place. He was not h great constructive writer and thinker as was
Colburn, but his greatness consists rather of his ability to write
clearly, to organize, and to adapt. Because he could do these things
well, his texts have been giveni a wide and long-continued use in our’
schools. Following these two men, there are many others who have
materially contributed to the molding of our present arithmetic and
the methods of teaching it. '
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Some inferences.—The story of humap activity, human progress,
is always interesting, and it may be of valuo to the present gencra-
tion in their attempts for improvement. The story of the develop-
ment of arithmetic which we have traced repeatedly suggests that
permanent improvement of content, organization, or methods of
teaching must be based upon a clear conception of the child. In
this was Colburn’s greatnesg, and hero also is the foundation of our,
recent progress. .

In their enthusiasm t6 improve arithmetie n(l{)].\its teaching, the
teachers have not maintained a critical attitufle toward proposed
reforms. Using methods which have since been shown to be funda-
mentally wrong, they have sécured results which they interpreted
as an improvement over provious results. The judgment of results
has often been based upon biased opinions and has seldom been the

sresult of a clear comprehension of the aim of arithmetic teaching
and a comprehensive survey of the effect of the teaching upon the
pupils. For this reason the judgments have at times been defeetive,
But the fact remains that the belief of a teacher in a method has been
a largo factor in the determination of the measure of its success.

\
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{ction,

Rl XYL Divigion of integers hy fractions and o fouction by a fraetion.
‘ o PART 11

A Rex i whieh the solution of sione of the seore diten protdema’and instrue.
tanr to the teacher are given

1 . v

TABLE OF CONTENTS OF WARREN COLBURN’'S
: SEQUEL.

I. Numemtion and notation,
11 Addition.
I1L Multiplication, when the multiplier is a single figure. »
1V. Compound number. factors, and mubtiplication. when the multiplier is a
compound number. ’
V. Multiplication. when the multiplier ia 10, 100, 1000, ¢te,
VI. Multiplication, when the multiplior is 20, 300, etc.
VII. Multiplication, when the multiplier congirts of any number of fuynires,
VIII. Subtraction. C
1X. Division, to find how many timés one number in contained i another.
X. Division.  Explanation of fractions.  Thewr notation What ix 1 be deng
with the remainder after division.
X1I. Divigion. when the divisor iy 10, 10, etc.
XII. To find what part of one number anotlier is, or to find the ratio of one num-
, ber toa.other.
XIITI. To change an improper fraction to a whole or mixed uumber.
X1V. To change a whole or mixed number to an improper fraction.
XV. To multiply s fraction by a whole number, by multiplying the nunicrator.
XVI. Division, to divide a number into parts. To multiply a whole number by
a fraction.

2

! C'olburn does not give a table of coutents in the First Lessons, and this hias heen made {rom o study
of the material given in the various sections.’
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XVII. To divide a fraction by a whole number. To multiply a fraction by s frac-
. tion. . ’ g
XVIIL To multiply a fraction by dividing the denominator. Two ways to multi-

ply and two ways to divide a fraction.

XIX. Addition and subtraction of fractions. To reduce them to a common de
pominator. To reduce them lo Jower terms. )

XX. Contractions in division. .
XXI. How to find the divisors of numbhers. To tind the greatest common divisor
. of two or more pumbers. To reduce frations to their lowest terms.
XXII. To find the least common multiple of two or more numbers. To reduce frac-

tions to the least common denominator. )

XXI1I. To divide s whole number by a fraction, or a fraction by a fraction, when
the purpose is totind how many times the divisor is contained in the divi-
dend. To find the ratio of a fraction and & v\holo number, or of two
fractions.

XXIV. To divide » whole number by a fraction, or a fraction by a fraction; a pant
of & number being given to find the whole. This is on the same principle
as that of dividing a number into parts. .

XXV. Decimal fractions. Numeration and notation of them.,

XXVI. Addition and subtraction of decimals. To change a common fmuun toa
"decimal. .

XXVII. Multiplication of decimals.. %

XXVHI. Division of decimals.

XXIX. Circulating decimals. - Proof of multiplication and division hy ummg
out 9's,
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The town histories examined are in the library of the American
Antiquarian Socicty, Worcester, Mass, © This hbrnr) also has & good
collection of arithmeties published before 1840. The Greenwood
Collection of Arithmeties in the Public Library of Kansas City, Mo.,
contains over 200 texts, a large number of which were published
between 1830 and 1880. A few rare but important books are to be
found in other libraries: Library of Congress, Library of the United »
States Bureau of Education, Boslon Public Library, and Library of

. thy University of Chicago.
 GENERAL,

Greenwood, James M., and Martin, Artemss. Notes on the history of American text-
books on arithmetic.  /n U, X, Bureau of Education. Report of the commissioner
for the year 1888-80, vol. 1, p. 789-837.  1897-98, vol. 1, p. 789-86S.

This is & dmlptha bibliography of texttaoks va anthmetic by American suthors befare 1893
5 1t is quite camplete, especlally for authors after 1N, and was carefully prepared.

. CYPHERING BOUK PERIUD. (BEFORF 1821.)
TOWN HISTORIES. g 9

Atwater., History of the colony of New Haver.. )
Chase, George Wingate. The history of Haverhill, Massachusette, from its first
scttlement in 1640 to the year 1860. . '
Currier, John J. " History of Newbury.
Felt, Joseph B.  Annals of Salem.. Hiatory of Ipswich, Essex, aud Hamilton, -
Fowler, William Chauncy. History of Durham, Connesticut.
Frothingham, Richard. History of Charleston. - .
Hudson, Alfred Rereno.  The histary of Concord, \hwml husetts,
Judd, Sylvester.  History of Hadley.
Keysér, Nasman H., and others.  History of Old Germantow.).
Orcutt, Samuel, nnd Beardsley, Ambrose. History of the Old Town of Derby, Con-
“necticut. '
Orcutt, William Dawa.  Good O1d Dorchester.
Schenck, E, H. The history of Fairfield, Connecticut.
Slafter, Carlos. The schools and teachere of Dedham, Massac husetu
Watson, John F.  Aonals of Philadelphia.
Wineor, Juetin, ed. Memorial history of Beston.

_ TEXTBOUKS OF THE PERIOD.
Adams, Daniel. The scholar's arithmevr..” or federal- accountant, 1801.2 10th ed.

1815.
"Has blank spaoces for the solution of the prohlems 80d examples by the pupil.

.

1 Only & few of the most significant texts are listed. Fot [ comph!e list the rudor is nlomd tothe.
bihliognphy by Greenwood snd Martin.

3 The first date following the title of & book is the date of pubumuon of date of first copyright. Oth-'
dates refer to revision.

B 81758°—17——11 ' R B
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American tutor’s amistant or a compendious system of practical arithmetic. 3d od.
1797,
“Arfthmetic i the art of computing by numbers *
Coc ker Edwand. Cocker'a vulgar arithmetie 1677,
> An American sdition of this English text was pubdisnad in Fhatadelphis {1 179, -1 had twen
sald (hat this text “may be conddared the tather of madern arlihmetic, as it rumx«hnd the plan 4!
of them have copied '
Daboll, Nathan. Daboll's achsolmaster’s amistant. 1790,
This berame a vary popuiar teat
Dilworth, Thomar. The achoolmaster’s amistant: Reing a nmpomhum of arithmetye,
both practical and theoretical. 1743,
Numerous editions of this Knglish text were printed jn this connigy. A tevision by Willsm
Hawley was publishat in 197 which paxsed through five editions by 1917, Jtwet 'atieson sdjiad
an edition In 1803 and Wilham Rtoddard anothes in 1817, .

Federai ready reckoner: or trader’s valuable guide in purchasing and selling all kinda

of articles by wholveale and rotail.  Printed hy Leovnard Worcester, 1785,
A book of tables far cumpitaning the one) of attsdes and intesest

Fisher, Gieorge.  The Mstructor. or, American yorng man's Leoat companion, il
ed. 1785 .
Bea page 40 kv complete title mhlch indicate the natut, + the boad
Greenwoodp [aaac.  Arithmetic vulgar and Jdecimal. with application thereof tu g
“variety of cases in trade and commerce. 1724
This t« the first artthmetic by an Amerian aathor.  There are copies in the nu\'u:i Volg e
Litwary, the lio\wn PPatlic Litwaty, and ttie Litvary of Congres,

Hodder, James. Hodder's arithmetic: o that necessany” art made niwt eamy {nd
The 25th editlon of this English teat was printed 1n Weton in 1700 Thiv was the " fust oy
srithmetical work published in the L nnnad States ™
Kendal, David. The young lady ‘s arithmetic.. 1797,
U Arithmetic 3 the art of computing by figures.”  Dirocts the studedd 10 “learn welt 1y haart ™
rules and definitions. 1t iy dmoly 4 condensat form of the drithmeties of 1his period.
Kimber, Emmpor. * Arithmetic made essy to children: Being a collection of useful and
e . . .
familiar examples, methadically arranged and under their respective heads,
2d ed. 1805, -
A traditional text. ) :
Leavitt, Dudley. Elements of urithmetic made casy by an orignal intreduction to -
that science.  |813. .
Lee, Chauncey. The American accomptant. 1747 : .
This is th. first arithmetic 1n which 8 dodlar mark 15 used and 1t 1< alsn 1A NG Davansa ¢l o
attampt by the author to decimalize 81 weights and measare
‘M’'Donald, Alexander. The vouth's assistant: being a plain easy, and comprehen
sive guide to practical arithmetic. 1785, 1789. /
The practioal reasons for teaching arithmetic aré emphasiest :
- Pike, Nicolas. A new and complete wystem of arithmetic, composed far the use of

the citizens of the United States. 1788, 0 g
This {s commonly supposed to be the second anthmetic by an Amencan anthyr but probabh was

!

the Afth. It {s the first arithmetic in which the Federal money 1s given. . .
Pike, Stephen. The teacher's amistant. 1811.
1t wasrevised in 1845 and 1852,
Root, Erastus. Introduction to arithmetic, for the use of common: ochools 1795.
Barjeant, Thomas. Elementary principles of arithmetic; with thm application to
the trade and commerce of the United States. 1788. . i s
‘fepple, Bamuel. An arithmetical primer for young masters and ‘misses; containing
aimply, the first principles of that most useful art. 1809, 48 pp

1t is [ntended to be followed by & more advanced book. Blank spaces aje left for the soluuon of
examples. 0
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Vinall, John. Preceptor's assistant. 1792,
Vyme-Charles.  A'key, or the arithmetician's repository. . th od. 1808,

\kes 1o the tutor's guadde, -

Walkingame, Francis  The tutor'a amistant; being a compendium of arithmatic and
a complete queation book. . .
A tent by an English authos reprinted in this country .

Walsh, Michael. A new aytem of merantile arithmetic: adaptad 1o the mmmcmo'l
the United States, in ita domestic and {oreign relations: with forma of weounts,
and pthor writing nsually oecurring in tretet 1801,

Wart, Alexander. A new plain and systematic - compendium of writhmetic adapted
to the commerce of the Unitad States.  JR06, 1814,

Welch, Oliver  American arithmetic 1814

White, Johue A prastical system of mental arithmetic, or & new methad of making .

calentntions by the action of the mind witheut pen, iuk, pewil, ur '“'i.i 1818,

Ruleas and {acts wete 10 he memarised.  Many short-culs are given bt there are no yors and
The bk §x not 8 " mental " arithmetic in the senee the term s penerally _ o |
Winmate, Fadmond  Artaficial argthmetie. 16829
The 18 aditian of 1his Engltth test uan [-mh\h&! n A Lintatield vatres I’\ cnpt of the
arst 8dition §s now in extstense which was ased tn the Winslow (amiis.of Muw )umlﬁn for over ane
hundred vears ™ ;
W.rkman, Benjamin, A treatine of arithmetic in theury and pmr(im;'; containing
evervthing important in the study of alwtract und applic ate numbdm. 1788
Thiciy au mbitton of an Faglish text hy Sohn Gough 10 was revised by R Patterson tn 1708,
The yvouth s inetructor in the Engluh tongue. 1760

OTHER SOURUES
- .
Rarnand, Heury.  Amedcan journad of aducation : %,
For articies bearing upan this perind see Analy tionl Index (o Rarmard's Amertcan Journal of Edu.
atioe under  Reminiscenes of &°hrols and Leachers ™

Rurton, Warren.  The district achool as it waa,
\very tnh-n\ﬂ!u: deseription of schouls mlhe period from 1810 10 190, .
Cajori, F. The teaching and hidtory of mathematiea in the United States. Wash.
tygton, Government Prnting Otfice, 18000 (U, £ Bureau of Education.  Cir-
cular of information, Ne. 3, 1890
A general mmmtTvo:al mastly 1a mathemutes bevond asithmetic

Clews, Flde W. Eduoeational legination and administration of Colonial gm'ern-

menta. .
Colesworthy, . C. John Tileston’s achonl
Comell, William Mason. The history of Peunavivania. o ,

Cyphering bookx.
- Only 8 few of these manuy- Tipts are avatluble in libraries  Twa were found in the library of the
\merfran Antiquarian Sncfely and (wo in (he Hhrary of the Worcester Saclety o('.Anttqully' In.
addstion, a manusenpt by Miss Cathetine G. Wiltard, now in posswession of P'rof. W, C. Gare, of the
University of Chieagn, wae examined

Exank, Charles  Evans’ American hiblingrphy.

\ cumplete biblingraphy of all books and p‘mphle“ rohlishead in Amerkd Mm}lu ¥ith tha
firsl hook printed in America in 16T,

Jackson, L. L> The educational significance of sixteenth century amhmem‘ 1806.

Johuaom, Clifton.  Old:time achools and school - booka.

A very interesting acoount. :

Kilpatrick, William H. The Dutch achools of \ew Netherland and Colonial New
York. Washington, Government Printing Office, 1912. (U. &. Bureau of Edu-
cation. Bulletin, No. 12, 1912.)

A oarefully prepared account of an inteasive study.
Lmlefield G.E. Early New England schools, club of old volumes. Boalon 1904
Menwed\er Colyer. Our Colonial curriculum, 1607-1776.
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Murry, David. History of cducation in New Jemey. Washi

' Barnard’s American Journal of Education, vol. 2, p. 294,

C K An excellent account of Pestaloul ] oducauonal theory.

160 ARITHMETIC AS A SCHOOL SUBJECT.

ton. Government
Printing office, 1899. (L. S. Bureau of Education. Circular of Information, Na,
1, 1899.)

Powell, Lyman . The history of education in Delaware. \Washington, Government
Printing Office, 1893. (U.S. Burean of Education. Circularof Information, No,
3, 1893.)

Steiner, B. C. Hist.oryof education in Maryland. Washington, Government Printing
Office, 1894. (U. 8. Bureau of Education. Circular of Information, Na. 2, [a91.)

Tolman, William H. Hmtory of higher education in Rhode lsland. Washingtn,
Government Printing Office, 1894. (U. S. Bureau of Education. Circular of
Information, No. 1, 1894.) a .

Watson, F. The beginnings of the teaching of modern subjects in England.

The English grammar sfhools to 1660, their curriculum and practice.

This and- the above book by Lhe same suthor give a good account ol cunu-mpomry practice fa
England.

Wickersham, J. . Hiatory of (-dm ation in Pennsylvania.

Worcester Society of Antiquity. Collections, vol. 9, Proceedings, 1885-1890.

”
THE BEGINNING OF THE PESTALOZZIAN MOVEMENT IN AMERICA
AS APPLIED TO ARITHMETI¢.

This appears Lo be Lhe most complete hiogmpmcul mounl of Colburn available.
Biber, . Henry Pestalozzi and his plan of education.
Colburn, Warren. First legsona in arithmetic on the plan of Pestalozzi; with some
improvementa. 1821,

An edition of 1826 has the title, " Colhurn's first lessons.  Intellectual arithmetic upon the indue.
tive uethod of instructton.”* Thistitle has been retalned. A eopy of the first editionisin the hibrary
of the American Antiquarian Society, Worcester. ’

— Arithmetic; being a sequel to firat legrons in arithmetic. 1822,
———-— The teaching of arithmetic. An address delivered before the American In-
stitute of Tnstruction in Boston, August. 1830.

It was pubjished in the proceodings of that society and was roprinted fo the Elementuary Sc¢hool
Teacher, June, 1912.

Kriisi, Herman. Pestalozzi: is life, work, and influence.

One section of tho hook i3 devoted to the ¢ Principles and method of Pestalozzi.”’ A chapter on
“Special application of Pestalozzi's method ' gives Pestalozzi’s idens on number.

Monroe, Will 8. History of the Pestalozzian movement in the United States.

This necount deals onlv with general features.  No mention is made of Warren Calburn and very
littie is said concerning the influance of t'estalozzisn principles ipon srhool sul»jects and the miethod
of teaching.

Pestalozzi, J. H. Anschaunngslehre der Zahlenverhaltnisee, Part T

This contains a list of axercises upon I’estalozzl’s unit's table.  Parts IT and ITT contan those on

the fraction tables. Herman Km@mistm in preparing the exercises. i
——— Leonard and Gertrude. Trans. by Eva Channing.  Roeston, D_ . Heath & Co.
A narrative account of Festalozzi’s theory of education before 1781 :

How Gertrude teaches her rhil(lron. Trans. by Lucy E. Holland and ¥ranyes
C. Turner. Syracuse, N. Y., . W. Bardeen.

Unﬂer Fredrich. Die Methodik der Pruktischen Arithnietik.
A reliable account of the development of arithmetlc as a schovl Bubject In Germany.

FROM 1821 TO 1892. .
GENERAL B80URCES,
American Journal of Education, vol. 1, 1826.

Connecticut school document, Nos. 7 and 186. . g
Theee contain reports of surveys of Connecticut schools. 0 4
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Davios, Charles. The logic and utility of jnathematics, 1850,
A full analysis of the science of mathematics.”” . - .

DeGiraff. The echoolroomn guide. 1877.

Fowle, William B. The teacher’s institute; or familiar hints to young teachers.
1866. ‘
A book on the teaching of the comimon branches.

Greenwood, J. M. Principles of education practically applied. 1887.

Key to Ray’'s practical arithmetic, 1845, o
The teaching of urithmetie I8 discussed Lrledy.

Page, David P, Theory and practice of teac hing. 1847,
Studdard, John F. o Methods of teaching arithmetic and key to Stoddard’s \merhan
mental arithmetic,

* v ARITHMETIC TEXTS \ -

Same of the more un;mrlant geries of arithmetics have been described in Chapter
VHT. The authors of these rerics are included in this list and a page reference is
given to Chapter VHT. - No attempt haa been made to give a complete list of the
arithmetic texts published during the period.  Those interested in such a list
are referred to the bibliggraphy by J. M. Greenwood and Artemas Martin,

Adams, Daniel.  Adams's new arithmetic. 1827, Sce p. W3,

Adams, Frederick A, Common and high achool arithmetic, 1846,

‘Belfield, H. H.  The revised model elementary arithinetic, 18%7.
ﬂmlc\(n s will be found on the left-hand pnu' mni\\ ritten on the right, Mlhnfr\\ exceptions.”” .

Brooks, Edward.  See P02,

Chase, Pliney K., and Mann, Horace.  See p. 103,

Cobb, Lyman.  Arithmetic, 1832,

Coltburn, Dana P. ’I‘lm;vlnil«l'a book of arithietic, 1839; Tntellectual arithmetic,
1859, Common school grithmetic, 1855; Arithmetic and it applications, 1855,

Crizet, Clandiuws.  An arithinetic for colleges and schonla, 1845,

Davies, Charles.  Sce p. 95,

Dean, Philotus.  Primary arithmetiv, 1860; 1otelloctual arithmetic, 1%61; Flemen-
tary arithmetic, 1868; Intermediate arithmetic, 1865, -

Faton, James Stewart.  See p. 99. .

Emerson, Frgdrick.  See p. 94,

Frast, I{enry Arithinetic. 1857,

Felter, 8. A, Prlmary arithmetic, 1863; New primary, 1880; First’ lessons, 1863,
1580; Inumnmliuu' arithmetic, 1882, 1866; New intermediate, 1875 Now prac-
tical, ; Complets unthm(-tu 1877; Advanced arithimetic, 1877

Fowle, \\lllmm B, The child's arithinetic, or the elements of calculation, in the
spirit of Pestulozzi's method. 1826,

For the use of chilitren bhetwien the years of three and six.

French, John H.  Fimst lessons in numbers, 1866; Mental arithmetic, 1870; Elemen-
tary arithmetic, 1867; Common sehool arithmetic, 1569,

Goff, M. B. - First book in arithinetic, 1876; Arithmetial problems, 1877; Elementary
arithmetic, 1888. .

Goodrich, 8. G. Peter Parley’s ethod of teaching arithmetic to chiidren. 1833,
See p.-103.

Greenleaf, Benjamin. See p. 97. .

Groesbeck, John.,  Commercial a'n}unetu' 1868.

Hagar, Damel B. Primary lessons in numbers, 1871; Elementary arithmetie, 1871

‘ Dictation problems and reviews in arithmetic, 1874 -
| . Hanna, J. S, Completo ready reckoner. 1871, _/
I

. Huarper and Bros. Two-book series. 1582, _ %0
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Hill, Thomas. An elementary arithmetic. 1845,

-*Ttis not the design of this treutise to make crithmotic easy nor to give such practical skill as may
be useful {n business.’

Hooee, Jamos U, Arithmetic. 1882

The author attempted to lollow Pestalozzi’s plan.

Jameson, Richard 8. ‘The bads of arithmetic. 1847,

Kirk, Alfred.  Model elomentury arithmetic, 1876; Model completo arithmetic, 1875,

Leach, Daniel, and Swan, Robert.  Elementary intellectual arithmetic 1853

Leonard, George, Jr. A practical treatise on arithmetic. 1849

Loowis, Elias. The olements of arithmetic. 1863, '

Mecutchen, Samuel. ¢ Grudod problems in arithmetic aind mensuration. 1550,

-and Sayre, George M. New Ameriean practical arithmetic, 1877,

Miine, W.J. Fimst leasons, 1878 Practical arithmetie, 1878; Elementary arithietic, .
1882,

Olney, Edward. Primary arithmetic, 1874; Elements of arithinetic, 1575 Practeal
arithmetic, 1879; First lessons v arithnetic, 18815 Teacher's handbook of arih.-
metical exercizen, 1875,

Olney, Jease. A improved system of arithmetic 1834, .

Orton, Hoy D, Lightning caleulator. 1866 .

Parke, Uriuh. Farmers’, merchanta’, and mechuanios’ practical artithmetic.  3d od,
1839; 20th ed., 1847,

Payson, John P Practical arithmetic, 1887,

Peck, William G.* Cowplete arithmetic 1874,

Perking, George Robert, and Quackenbos, George ') Builded on the texts ul Per.

" kins.  See p. 103,

Raub, Albert N Elementary arithmetic, 1877; Complete arithmeti-, 1877

Ray, Joseph. See p. 96.- .

Robinson, James, Jr. The American arithmetic, 13255 Elementary lesaona i intel
lectial arithinetic, 1%30,

Robinson, H. N, also Fish, D. W, who was wssociated with Robinson,  See p

Rodgers, M. H. A notebook of arithmetical rules and definitions 1562,

Ruger, William. A new avatent of arithmetic. 1829,

Sadler, W. H., «nd Will, W. . Inductive arithmetic. 1885

Sanford, Sheltun Palmer. The intermediate arithmetic, ISTL, The common-sehiol
arithmetic, 1872

Seymour, George E. Blementary arithmetic, 18%0; Practical arithmetic, 1550,

Singer, Edgar A Elementary arithinetie, 1876: The modvl mental arithmetic, 1976,

Smiley, Thomas T, The new federal calenlntof 1828,

“In appesrsnce Is o twin to Daboll's srithmette.”” Tt was still printed i 1599 by 1B Lagpan
cott & Co. It goens to havo been revised by L. Talbot and printed in 1841 under the title, ' The.
Western practical urithmetic.*

Smith, Roswell (', The little foderal calenlator. 1882, (1t starts, * How many little
fingens huve you on your right hand? How many on both? ™): Practical amd
wentel arithmetic, designed principatly S accompany Daboll's syatem of arith.
metic, 1826; Practical and mental arithmetic on a now plan, 1827; The prodactive
arithmetic, 1841,

Stewart, Charles.  Ananalytical arithmetio for the use of schooly and collegen. 1856,
1863, 1874.

Stoddard, John F. Seo p. 99. .

Talbot, John L. The Western practical arithmetic. 1841 9

Thomson, James B. See p. 98,

Tickoor, Almon.. Columbisn calculator. 1846.

Towne, Puul Allen. Mental arithmetic. 1870, F

Townsend, Julins L. Primary arithmetic, 1885; [ntermediate arithmetic, 1885,
Grammar-school department, 1885
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Tracy, Calvin. Commercial und mechanical arithmetic. 1851.
Yogdes, William. The United States arithmetic. 1845,
Walton, George A, See p. 103.
Wentworth, G. A The fimt steps in number, 1884 ; Grammar-school arithmstic, 1885;
. High-school arithmetic, 1881; Primary arithmetic, 1891,
—— - and Reed, E. M. The first steps in number. 1884,
This text and the I'rimary arlthmetic by G. A, Wentworth are upon the tirube metbod,
Wheeler, HLOND Second lessong i arithmetic. 1888,
* 1 have tried in all cases to follow the inductive method of [nstruction as illustrated in Warren

Colburn’s First Lessons, o book which has confessedly done more for the cause of education than any -
- other toxtbook that has ever heen published = (From the preface.)

White, ECE. .\ primary arithmetic, 1868, A intermediate arithmetic, 1870.

.

RECENT TENDENCIES AND DEVELOPMENTS,

There iz no attempt to give a complete hibliography of recent scientific studies,
ginee this has been done hy Mr. [Towell, whose work is mentioned helow.
" Bagley, W. ¢, Edueational vahes. Chapter 12
This gives a brief historfeal account of the reaction against formal discipline.
Brown, C.E. Pavehalogy of the simple arithmetieal processes. American Journal of
Psychology, 17:1, 1906,
Brown. J. Cooand Cofman, Lotus 1Y How to teach arithmetie. 1914,
Conrtin, R0A0 Teachers' manual and standard practice tests. 18914,
. Manual of inatructions for giving and scoring the Courtis standard tests. Rev.
el 1914, : ’
Mewurenient of grwth and efficiency in arithmetic.  Elementary School
Teacher, HODH-T4, 177-99 1117185, 360- 70, 528-39; 12:172-37.
Standard seores in arithmetic. Elementary School Teacher, November, 1911, -
Relinbility of single mewsurements with standard tests.  Elementary School
Tencher. March, 1913, o
Eliot. Charles W, Educational refornt. )
Thisisa series of addresses extending averanumber of years.  They reflect progressive tendencies.
Hart, W. W Community arithinetic for seventh and eighth grades,  Elémentary
School Tewcher, 11:285-00.
Hiwell, Henry Budd. A foundation study in the pedagopy of arithmetic.  New
York, Macmillan Compuny, 1914,
* A very complete résumé of 1he extensive experimental literature” on arithmetie. The bouk
contuins an extensive bibliograpby. .
Internatiomal Commission on the Teaching of Mathematics.  Report of the American
Commindioners,  Washington, Government Printing Office, 1912, (U. S.-Bureau
of Education Bulletin, No. 14, 1912

A summary for the elementary schoot 13 giveo on pages 14-25,

F o Jessup, Wo AL Grade for introduction of a text in arithmetic.  Elementary School
Jonrnal, 15:163, November, 1914, ’

~--  BEeonomy of time in arithmetic.  Elementary Sehool Teacher, 14:461-76,
June, 1944, ’ ) 2

MceMurry, Charles A, Special method in arithmetie. 1905, ,
Herbartian doctrines applied tosrithmetic.

~—- The elements of general method, 1903,
A chapter s glven to correlation.
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MclLellan, James A.. and Dewey John. The paychology of number. 1895,

A constructive interpretation of the nature of the chiid with respect to number and its applics-
tions to the teaching of arithmetic.

Mathematics in the elementdry schools of the United Statea.  The Anmerican report
of Committees T and 1T of the International Commission on the Teuching of Mathe.
matics. Washington, Government Printing Office, 1911, «U. S0 Burean of
Education.)

A comprehonsive survey. \

Matthews, Pauline E. Report o experiment on the value of jlays and games in
arithmetical drill.  Elementary School Teacher, 14:319-324, !

Mooroe, Walter 8. A report of the use of the Courtis standurd rescarch tests in anth-
metic in 24 cities. Topeka, Kaus.. 1915, 94 pp.  (Kansas State normal school,
Emporia. Bulletin. New series, vol. 4, no. 8)

National Ednecation Association.  Committee of Fifteen.  Repurt on the correlanon of
studies, 1895. ’

—-—— Commiittee of Ten.  Report. .

—— Proceedings.

These proveadings reflact the mlumliunn_l thoaght of the teachers of the United States.  Thafollow-
ing have particular reference to arithmetics 0, P11 INSE, po 20, N0, 106, 1892, . 617, 620, 185,
p. 264, 300.

Newcomb, Simon. Methods of teaching arithmetic.  Educational Review, 31:339-
350.

Parker, Francis W. Talks on pedagogics. .

Colonel Parker gives a plan for making the seiontific subjectsa centeraronnd whieh arithinetse and

other form snbjects mmay be correlated.

Patridge, Lelia . The “Quiney Methads, ™ “Illns. 1885,

0 Rice, J. M. Educational research: a test in arithmetic.  Forum, 34: 231-297.
——— Causes of suceesa and failure in arithmetic,  Forum, 34 437452,

Smith, D. E. Tlandbook to Smith's arithmeties. 1905, .
——— The teaching of arithmetic, 1909,
—— The teaching of elementary mathematics. 1900 .

Stamper, A. W. A textbook on the teaching of arithmetic 1913,
Starch, D. Transfer of training in arithmetical operations. Journal of Educational
Paychology, 1911.
Stone, C. W. ~ Arithmetical abilities and some factors determining them. 1903,
0 A report of an experimental investigation.
Suzzallo, Henry. The lisu(-hing of primary arithmetie. 1912,
b Q A critiesl study of recent tendencies in method

Training of teachers of elementary and secondary mathematics. \\"m«hingtun, Gov-
ernment Printing Office, 1911, (U, 8. Burcan of Fdueation.  Bulletin, No 12,
1911.) '

Walsh, John II. Practical methoda in arithmetic 1911,

Wilson, G. M. Course of study in mathematics. Connersville, Tnd., public schouls
1911 o :

A courso of study worked ont by Supt. Wilson and his teachers after examining many courses of
ee. study and texts. -

Winch, W. H. Accuracy in school, children. Does improvement in numerical
accuracy transfer to arithmetical reasoning?  Journal of Educational Prychology,
1910, , 7

Further work on numerical accuracy in school children. Does iu)"pruveuumt
in numerical accuracy transfer? Journal of Educational Psychology, 1911.

Young, J. W. A. The teaching of mathematics. 1906
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Beltield, H. 1., and Brooks, SarahC. The rationalarithmeticn. 15898,
Hsll, Frank H. The Werner arithmetics:'a three-hook course for graded schools.
1R96.
— —The Hall arithmatics, a two-bouk conrse for graded or ungraded schools. 1896,
These arithmetics represent the extreme spiral arrangement.
Hamilton, Samuel.  Hamilton'r arithmetic 1907,
Melellan, J. AL, and Ames, A, V. The primary public ~ hool arithmetic 1898,
— —— The public school arithmetic. 14902
These texts are based upon McLellan and Dewey's psychology of number.
Myers, George W, Myen's arithmetics. 1903,
Secley, Levi.  Elements of the Grube method 18490
Smith, D. E.  Smith’sarithmetica. 1901
Southworth, G. A, and Stone, J. €. The Sonthworth-Stone arithmetios 1904,
Speer, W, W, Form leawna 1833, 0
—- -— A series of arithmetics,

The first book of the series was published in 1%,
Stone, J. ', and Millis, J. ¥, The Stone-Millis arithmetics, 1910,
Walsh, John H. Walsh's arithmetics, 1895, , ’
Wentworth, (i., and Smith, D. F.  The Wentworth-Smith arithmetios. 1909
Young, J. W. A, and Jackson, 1. .. Tho Appleton arithmetics 144,
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Dollar mark, history, 26.
Dorchester, Mass.. colonial schools, 10.
Douglas, John, colonial schoolimaster, 11,
Drill and devices, 1202127, 145-146,
Duodecimals, 30, -
Dutch New York, education. 6.
Fducation, place of arithmetic in, 147
Emerson, Frederick, 94, 99-100, 1og-105, 112-113.
Fvolution, 34,
Exchange, 30-32
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Felter, 8. A, 10t : ‘ . : %
Fowle, WO B on tearhing arithnetio, 16, 02103104, 12 122,
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Herbartian movement, 125; pdan. 111 12,
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-Hodder, James_ on teaching arithmetic, 10,
Hodder's arithmetie, “tirst purely arithisetical work ” published 1in United States, 17,
Imductive method, 85, i,
. Integers, fumlanwnml operation for, 19- 20,
. Interest s« a motive, 142-143,
International Commizqion on the Teaching of Mathematioes, and coume of study,
136137, .
Ipe\u(h Mase.. colonial schaal, 9,
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Mental arithmetic, 39, 90-91.
Mental discipline, arithmetic as, 89-93.
Metcalfe, Michael, colonial sc houlmwalor 9,
Methods of teaching, 149. o
Monitorial plan of group instruction, 121.
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Motivation, 87-88., 123- 124,142,
New Amsterdam.  See I)uuh New York.
New England, attitude toward teaching arithmetic, 6-10.
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Oral instruction, R1-82,
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Peunsvlvania, eoloninl education, 10,

Percentage, 32-34 0 .

Perkins, George, 103, :

FPermutationa, 34,

Pestalozzi, J. H.. contribution to anthmetic. h7-60; relation of Warren Colburn to,
- N

n-62.

Peetalozzian grithmeticn, formahzed, 94-114, .
Pestalozzian movement in America, 60-61 f
“Peter Parley. ™ Nee Goodrich, 806G . R

Phladelphia, Pa., colonial schools, 13-11.

Pike. Nichglge—afthor of early A meriean arithmene 1§

Pike's * New and Camplete Syetem of Arithmetic, " tuble of contents, 152-151,
Pleasant and diverting questions, 35. 0

Plvmpouth, Mare.. colonial sehools, 9.

"Pormant. Philemon. first Boston schoolmaster, 7.

Pesition, 30.

Primary and mental arithmetie, 3%,
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Private schools, instructions, 4142,
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Proofe, 35,

Psvehological movement. 129, )
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Ruter, Martin, 103.
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Sherwin, Thomas. on Colhurn s arithmetic, 56. . o
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Smiley, T. T., 103. )
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Speer, W. W., method of arithmetic, 134-135.
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Stoddard, J. F., 99.
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“Tareand trett, 84,

Teachers, early colonial, 7-10.

- ‘Teaching pupils to study, 86-R7, -
- Texts, content, 133-134; organization, 3R, 137-138,

Theory of arithmetic, 18,
Thomson, J, B., 98-99.7
Taopica, development, 140-141; method of presenting, 36-38.
Types of problems, 36,

Walton, G. A., 103-104.

Waterhouse, Mr., coloniul achoolmaster, 10,

Wickersham, 3. P, on ciphering books, 48; on teaching arithmetic, 41,

William Penn Charter School, Del., design, 11,
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Writing schools, Boston, 13,
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