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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.

B ]

’

Tho SECRETARY OF THE INTERIOR.

mitted herewith, giving a history of arithmetic in the schools of the

P. P. Craxron,
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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.

=

j“r’ﬂw‘ ——

: ject-and the methods of tcaching it in the United States, and to show
é’ the influence of Warren Colburn in stimulsting and directing this
: development.

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.

3 8. C. Parker and G. W. Myers, of the Umvomtv of Chicago. for their

3 dnreotton and helpful criticism.

/*’ WALTER Scort MoOXNROE.
' 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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6 - : ANTHHKT‘IC A8 A SCHOOL BUBJRCT. °

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 mxmcnlum 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.

E " New England.—The New Enghnd colonies were settled h\ tho
4 Puritans, who came to America in order that ‘they migh( secure
i religious freedom. So strong was their desire o worship according
E to their beliefs and te perpetuate their church doctrines that they

braved the long ovosn 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,
- s 1620: “The pmpagauon of the Gospel’is the thing we do profess
abhove all t0Pho our aim in setthing this plantation.*
A lotter written in 1629 describing the colonists of Salom says;
_They live unblamoable and without reproofe, and domeanc themselves in xiyle
and curtoous towards ye 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
] of No'w En nd in the Mamorial Hmwry of Boston there are two
. Y I — —
R -mmuaeamum:nnwmmmmmwvm,pm W
5 1Qp. oit., pp. T0-321. . -~ '

" Justin Wineor (Ed.): Memsoris! Histary of Beston, Val. JV., p. 88
'; ¢ Jonoph Feit: Annahs of Salem, p. 3.

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

. u‘-'.ﬁmmx“‘t:m"& A}i'-J 1.0 Es A % i e i s g ’. '
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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. 188, ° ¢ 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

< free school” 'mBosbon, facilities for giving instruction in mt.hmeuc
were provided 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, acomlmueemchoeanmpmcumnsmuble(}mmnw
schoolmasater to ye instructing of youth in Grammar learning and to fitt them {or ye

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 Grum-
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 esch halfe yeare the one halfe of the said sumes. he under-
‘ : hkestoteachtomdnnghahlnd the Accidence & to write & the knowledg & art of

Mthmaﬁck&ﬂmmlea&wﬂeew this to be p’posnd the towne.*

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

rg L

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

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

B

P T PR I Y TR L UL AT,
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~ was a writing school, in 1684, in which arithmetic and writing weee +
taught. Thus, even though arithmetic was crowded out of the

on

Collidge and also to learn them to wme and cypher and to perfect them in reading.?
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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,

g e i
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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. .

Q
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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
Gharieaton, for the Gresk-and latin languages, and sball. choowe one usher

= © Viymad Pl Piwelt: the’ Bisiédt of Kdbbatioki 16 Détawars, p. 2. T

i+ A P. Graved:- A History of Edwcetion in Midsra Times, p. 64,
J ® Blsis W. Clows: Op. it., pp. ¢4at. .

O, I PR
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12 " ARITHMRTIC AS A’ BOHOOL BUBJECT.

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 Elsto W. Clews: Op. oit., p. 457. k
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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: .
11%9. 1788,

North Writing Sehool .. .0 oo oo 280 220
North Gmmmar 8chool ..o 0 0 . ] 36
South Grammar School ... ... .o 120 + 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 )

Ji
s

.

TR AT I, TP E N P } 2 aoven Y P

www.manaraa.com



Q

ERIC

PAFulToxt Provided by ERIC

. . .. * . .
14 ARITHMETIC AS A BOHOOL BUBJEROT. l

. 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‘,&—mmm 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 knowladge of the 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, appeared 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
primaily 8 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” be defines prime pumber, composite number, and per-
fect number, and gives 10 perfect numbers which he states are ‘al]
which are, at present known.” The other texts of the period show

h lens emphasis upon arithmetical theory. Often considerable
space was given to a ‘‘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, a0 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
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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.

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
o * treatment of decimal fractions is essentially the same as in Pike's

The establishment of a Federal money, 1786, increased the useful- -
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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,

Liqrin MEastURE  WINE MRASURE.

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

oA

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.

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 ahalf, or 54 Gall................. ... ... . 1 Hogshead of Beer, hhd.
i
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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.

g ﬁ
24 ARITHMETIC AS A 8CHOOL SUBJECT. * < &)
Dry Measure. \ .
2Pints, orpta., make........ ... ... .. 1 Quart, qt.
2Quarts. .. c..... e 1 Potde, Pot.
2Pottles. .. ... . 1 Gallon. .
2@allons. ... Tl . 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:
s L,
S Afirkinofbutteria oo o a6
e ofsoapia......o. 0 64
A barrel of pot ash Lﬂ 20 o nooooosa  oooa 0ooPann 000800006sGa0a 200
— anchovies isn. ... ... ... L0 oo L0 L0 300Y
—-eandlesis. . oL e 120
- figs is from 98 Iba. 10 2 cwi. 3 grs
-- - osoapis... L 208
- butter in 4
- guhpowder is. . 12
= raifinais. . O 1 F4
A double barrel ol anchm ies. e )
A puncheon of pruneais I0ewt. or .. .. . 140
Afotheroilead ... . ... e 120
. A stone of iron or shot is 19 ewt 2 gr
--—~- butcheraia. . ... ... R P 8
Agallon of trainoilis............ T :
A fuggot of steel in.... ... ... Lo 120
A burden of gad steel or 9 score. L . s
A quintal of fish in Newfoundland oo .0 .0 00 0 T
Astoneof glast ia......... .. 5
A seam of glaas is 24 atone.
-—— of cheesporbutterin. . .. . . .0 0 120
. A clove or half stone is. o 8
A wey in Suffolk is 32 ¢ lfm-u or. S 256
- Essex is 42 cloves. °
co—ofwoola . o 0 0 0 136
Acloveis............. .. ... e :
ARtoneds...... oooooLioo L Lol ]
A tod is. 0606 0a06aGaGG AR a0aEaaRa0aE0 Gaan0aAEaaa0800 60a0as 28
Aweyls«.wdandlnwnu or. e 2
Awvack 82 weys, OF ..o i e 364
q Alastis 128acks, Or ..o . 4, 368
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.
Pike udds to cloth measure: :
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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 L peek.

4) [FER I oooooaaacacoaoacanasaa eeaseaas a sas0a aaaosaa00aco | l)ll{durl.
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. :

viesianches make .o R, oot
Yoot . [, o B, I yzlr(IA
A0 {eet of round timber, or M it of hewn timber........... ... . | ton or load.
125 solid feet, 1. e, K ia dength, 4 in breadth, 4 in hewht. ... . .. i cond of 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.
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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 in 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 pwnt 13 interesting historieally also because
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.

26 ARITHMETIC' AS A 8CHOOL SUBJECT. l
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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 are to be solved by two or more successive 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
problem above, or how many of the last measure were equivalent to

“a given number of the first.  For cach case a rule was given.

Practice.—Fourteen pages of Dilworth’s text is devoted to * Prac-
tice,” and judged fromn this point of view this is the most important
topic. It is defined by Pike as a— N .

contraction of the Rule of Three Direct. when the firt term happens to’ be & 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

C 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 Daholl 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

N 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.)

Q
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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 mixture
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 greater
than the compound, add each greater rate or price with one, or any number, of the
loan.

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 aum 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
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 demand
how much was in the hag? _

A, B, ahd C would divide 100 1. between them, mo that B may have 3 I. more than
A, and C 4 L more than B; [ 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

T——— ﬁ
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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

Q
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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
to gain 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 kemevs to pan after the rate
15 L. per C.

He contimies his development with the two following problems:

A grocer hought 4} €. of pepper for 10 1., IT; 4d and ot proving to be demmfied)
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 centun.

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 r l;;?gm/od function of the topie.
Pike gives this probi€m under the head 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
time proposed.” The rule is, ‘‘Multiply the principal by the rate
per cent and divide the product by 100, the quotient is the interest
requirad.” Pike, Daboll, and Adams give similar definitions and the

I
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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.

[iodecimals. - Part V' of Iilworth's text 15 devoted to duodeci-
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
recogemze some famitinr 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 tugh at the watenade'a boat which can carry hut (wo penong at onece, 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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: 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.
i Furthermore, the problems of this type were not always coustructed
< 80 as to conform to the demands which are made by actual practical
j situation. For example, it is difficult to imagine the practical situa:
tion which would demand the above process. T
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
building of Rome, 251 years; to the expulsion of the kings from Rome, 244'years; to

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®

3~

B

AP

Ay, P

While such a problein might arise, it is unusual, and the way in
B which it is stated leaves the pupil to construct the situation which
4 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-

S -tion. But because of the excessive classification of problems under
- 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 ouly its simplest
_value, or 8o many onee, but in the second place, or p.hce of tens, it becomes e0 many %
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

"y

4 A,

S

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 thte Rule of Three
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-

Y

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.

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
nothing remain. _ ) *

5. lltpe firet number be greater than the product of the second and third, then bring
the second to & lower denomination. E:

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

7. I the given barrels, bales, pieces, etc., bo of unequal contents (a8 it most gen-
erally happens), put the separate content of each properly under one another, {hen
add them together, and you will have the whole quantity. :

The organization of the texts.—The plan of organization of the texts
of this period was topical, and there was considerable agreement in
the general arrangement of the topics. Numeration was uniformly
the first topic. Sometimes notation was also included under this
head, as in Pike’s arithmetic, or it was given as a separate topie ns in
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 mouey
came to “ave a place early in the text. Fractions, both vulgar snd
decimal, came late in the first texts (see tables of contents in-Appen-
dix). In later texts (Pike, Daboll, and Adams) they immedintely
followed compound numbers. The rule of three in its variety of
forms was placed after fractions, and in turn it was followed by prac-
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:

Bection I. Fundamental Rules of Arithmetic.

Bection II. Rules emsentially necossary for every permon to fit and qualify them
for the transaction of businesa.

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. ‘

4 ] Y
A Y

i A0 petumplen o Vadurnl munsy.

o
LR At T 5

g 8

| Proations are taken uj here 00 farthet than I8 necessary to show thair signification, sud to lliustrate /i

A
%
7t

www.manaraa.com



Q

ERIC

PAFulToxt Provided by ERIC

SUBJECT MATTER OF ARITHMETIO BEFORE 181,

Primary and mental arithmetic.—The toxts which wo have described
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
ehborato. 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
became prominent a fow yoars lator.

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,” ete. The following complete 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.

The Instructor; or, Americap Young Man's Best (‘ompanion. 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 belp of a Master. Inastructions
to write Variety of ITanda, 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.

Also, Merchants’ Accounts, and a short and easy Method of Shop and Bookkeeping;

ot

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

fo ' ——

\Examplec of such texts are: Arlthmetio Made asy to Chidren, by Emmer Kimbeg, seccnd
edition, 1806; An Arithmetloal Primer for Young Masters and Misses, by Bamuel Temple, 1809,

John White: A Practival System of Menial Arithmetio, or s New Method of Making Calculations by
he Action of the Mind witbout Pen, Ink, Pencll, or Paper. 1818, .

.

with a Description of the Product, Counties and Market Towns in England and Wales,’

Together with the Method of Measuring Carpenters’, Joiners’, Sawyers’, Bricklayers’,

excellent Plasters, and Medicines, neceesary in all Families; and & Compendium of °

T i _(r“f-‘x'-’-“?‘%”]f}"ﬁ e
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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)ﬂwprth’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-
metic 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 orgammtmn 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 .
Beems w have been often couﬁned to t.he four fundamental operations ‘:ﬁ
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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
currency, and havingittle or no adaptation to the ordinary requiremanta 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
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
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

! 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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™y

instructed i.n reading, wmmg plm work, embroidering, tentstitch, nmplers 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.

AN 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-
i+~ 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-

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

\

m given in the university (Ilarvard).” There is a close corre-
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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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. of texts. But the continuance of a method of instruction which did

J’.

" CIPHERING BOOK METHOD OF TRACHING ARITHMETIC.

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: 4

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

not make use of a text can not be due to ths not being available

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

3 John Tiles{oh taught in the North Wilting smloumtrom 783 10 1819. Wm. B. Powis ived
from 1796 to 1805. This would piace the date of this sbout 1510. .
Wm. B. rawu,mnmm'uhc uur oxm.ub.

45

www.manaraa.com



[

ERIC

PAFulToxt Provided by ERIC

. lorm of & manuacript of the full length of the sheet, with & pasteboard cover, as more
" suitable to the dignity ol such superior dimensions than filmy brown paper. -

poc ) ’ . VHist. of Bdoe, n Pyonsylvanls, pp, 20-208. .

;‘.\‘

during the eighteenth century. Several texts by English authors
were known in the Colonies in the early part of the eighteenth cen-
tury. (See p. 18.) That these texts did not become generally used
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
expensive then than now, if the purchasing value of money be taken
into account. But this condition does not scem to have prevented
the printing and distribution of religious \\rllmgs and the almoxt
universal use of the Psalter and catechism in the schools,  And
certainly in the study of Latin ,texts must have been used. Thern

~ were a number of printing pmxsoq in the Colonies, hut they were

engaged largely in turning out contmvoma] pumphlets of a rol:gunh
nature.

When pupils came to be provided with texts, the procedure was

_essentially the same until after the close of this period.  Wickersham
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. "It sometimes happened that a 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 L native talent or hard persanal labor than to wise direction ?

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

ﬁxum ® .'
“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 *
. feelings were consequently considerably elevated. A new Adams's arithmetic of
.- vthe Intest edition was bought for my usé. It was covered by hand with stout sheep-

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

Sty PR “ ) R
'+ ARITHOMETIO AS A BOHOOL' SUBJRCT. :fll
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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 Infty A, which
semed like the dmwing of & mountain peak. towering above the level wildernces
below  Then came = Rule,” in a little smaller 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
net understand—that carrying of teus. 1t was abwolutely necreary, | perceived, in g
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.! ~ ’ R

g
b
2

fuE.z

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 latér:

And now, after all, it ir possible that aome, who like best to tread the old beatenn ¢
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 takea upon him that laborious
{though necessary) method of writing out the rules 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 L
. . was, however, still an inconvenience which bindered them from giving me the satis-

\’n":‘",“‘-
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{ Wirren Burtoa: The District School s It Waa, pp. 110-112,
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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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Texta 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 vew system. The only question asked me at my it examination was, What is
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 wse of the viplnvriug hook a5 s0 conspicuous i 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
snalvsis 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,

S""»‘.»'u B
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- jowugh him, and; theiexgrcises in o supplement. t4pach snggdst their uee and: spplica- /11
" "tlon to the pyrpoeesand concerss of life. Further, the thing needful, and that which * |
. © distinguishes the arithmetician, is to know how to proceed by application of these
e four rules 10 the eolutiod 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-
aively. This was certainly true in this early period, Adams
‘probably only expresses the consensus of opinion when he says:
‘‘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 arithmaetic is
given by another author:

The boy, advanced perhaps some way in his teens, is sent 1o o 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 go 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-
self any trouble.about; bowever, 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 a 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- |

v

apse, . . . .-
i

2.As 8 strikihg exacmple of this msthod of tstruction, T heve actually known s isd of 18, who, after baving
3% Shis way; gope over all the fifst rules’of ar imetlo at & coRUBON Bciaol, Was utterly unable tdread o
FARY pammbes

brgeg

[

EMC www.maharaa.com



sumably stadied it. only: s0;long. as,it pleued him,

* distinction and honor as well as some practical advantages. . Alsa,

s b
L OIPRER]

ar plesibly b’
parents. Certain incentives combined to exciteinterest in: the sub--7
ject. For example, ciphering wss a relatively rare accomplishment,
particularly until after 1800. Becsuse of the few who could, claim.
tho titls. of ‘‘arithmeticker,” .the title carried with it considerahle -

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 T
of the ‘“more communicative” teachers.. In the text the nssistance

special case. The following explanation of the first example in
division in Adams's Scholar’s Arithmetic is typical. The example is,
Divide 127 by 5. . h -
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 timee, 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 )
bring the next figure (7) at the right hand, making the remainder 27. Again, inqhire
how many times 5'in 27; 5 times; place § in the quotient, multiply the diviser (5) by
the quotient figur~ /3), saying 6 times 5 is 25, place the sum (25) under 27; subtract,
and the work is done. Hence it appears that 127 containa 5, 25 times with & remainder . '/
of 2, which was left after the last subtraction.! . : 7
Such aselstance 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-

given to the pupil is limited to an explanstion, or demonstration, ;.
of an example which has been selected to illustrate a rule, The &
explanation is little more than an elaboration of the rule for this bt

1P, m,
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{T;’!QDM m—-ﬂlﬁ has: just- tbeen' 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
and the evidence indiestes that school practice followed this order
exclusively.
~ 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
p‘rté'al reason is that blackboards and slates wers unknown until
near the:closs of this !qunod Paper was expensive, and the manu-
facture and repair ofsquill 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.
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.! . e
Warren Colburn's early life.—Warren Colburn was born March 1,
'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. , 4
- It was at this last place that his aptitude and expertness in arith- 3
" 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 j.’v
of manufactuxing. Apparenily on his account, the family left the ‘T
- farm about 1810 and moved to Pawtucket, R. 1., so thas he might %
... have.the opportunity:to leam something of machinery and manufao-

L ;lﬁﬁr&ofndi;um‘omdﬁwcom'lubﬁig acoount in Barnard’s Jmerican Journel of
o Rduoation, 3: 0. . . . :
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tﬂrmg Dunngthemxtﬁveyomheworkedmfwtones, andltwasnot ;
*until the summer of 1815 that he began to prepare himself for college. -
-Just why he developed a desire for a college education is not told us, i ;‘
‘but. clearly he possessed a very keen motive for it. Such was his
.zeal that he prepared for coilege 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 Harvird
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 patient reflection that he arrived at his great results, and not by sudden or rapid. §
flights. In Colburn this slowness and patience of investigation werefeading 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 mén happy as an.individual, and agreeable,

y and respectable as a member of society. To do this, he ought to cultivate all
the 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 intese application to
- aiwvorite pursuit.? ‘
-« /Hig life sfter leaving bollage is an: enmple of tho opiﬂion he .
‘ expreuea here. Although engaged as a superintendent of & man-

’ f' lllarmd'-‘Amcr Joux'ﬁll!due.!l 7. » 'M:m-
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.. ufaoturing company, a position of responsibility and one wfnch

" . 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
accepted an invitation to deliver a series of lectures before the
Mechanics Charitable Association in Boston.

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.

7’
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required constant attention, Colburn found time to' continue his

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

ik
e

! The date of publication of the Sequel has been erroneously given as 1824, and one writer has given it
' 881828. Neither of these dates is correct. Thé compiler ofthis report hasin his posgession 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. Co]bun'l a3 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 First 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 arithmatic.—By stuting in she title of hix
first text that it was “on the plan of Pestalozsi” and by the-use of the

45 i
weL

Pestalozzian unit table and fraction tables, Colburn definitely con- < v
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
first review certain phases of Pestalozzi’s work. 3

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 e

Pestalozzi states his concept of the immediate purpose of instruc-
tion when he says “in the youngest years we must not reason with

~ children, but must limit ourselves to the means of developing their

minds.” ¢ His meaning is made more clear when he says in another
place: _

- 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
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 imaginstion
thoee that resemble or are related to each other; and in this way to make all clear to
us, and by perfect clearness in these to raise in us distinct idvas,

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

..+ 3E-P.Graves; A History of Education in Modera Times, p, 151,
. " How Gertruds Teaches Her Children, p. 227, : B

www.manaraa.com



A e S .fvg-"'-—-v- IO e

L. ?\g{’ﬁl ,g,d . ) , E
58 - - ARITHMETIC -AB A BCHOOL SUBJECT.

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
| “clearidess.” ' For this reason he took particular pains to identify
e the elements of the subject, and to formulate the series of steps in the
A method of instruction. He considered arithmetic to arise—

i; entirely from simply putting together and separting several unita. Ita haxis is
a ementially this: One and one are tiro, and one from two leaves ons.  Any number,
:i whatever it may be, is only an al?hreviat.iou of thiy nntum!, .nn'ginnl 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-
o metic.. It should be deeply impreased with great care on all the waya in which this
- " art is taught; ard all future steps should be built upai the conacinuaness, deeply
- retained in the human mind, of the real mlu}inm of things which lie at the bottom of all
calculation. 1f this is not done, this first means of gaining clear ideas will he degraded
N to a plaything of our memory and imagination, and will be useless for ita eseential
S, Ppurpose.’
- 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, ¢. 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

YL T
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i “shortening expedients of arithmetic” were not permitted until
b “clear ideas” of numbers and number relations had,become perma-
«.  nently fixed by having appropriate sense perceptions. In the

iy beginning, the children might use their fingers, peas, stones, or other
- handy objects for obtaining the necessary sense perceptions. Later
e - a ‘“spelling board” with moveable letters (tablets) was used or the
e .-~ ‘tables which Pestalozzi devised. : _
S The units table consisted of 100°® rectangles arranged in rows of 10,
Each rectangle in the first row contained 1 vertical mark. Each
L 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-

: '1How Gertruds Tesches Her Children, p. 309, .

L%E - eIndd., pp. 210-000.

é *1n How Gertrude Tescheq Her Chifdren, the translator (p. 216) states that the units table consisted of

. 13 rows of 12 rectangies each and that each of the Iraction tables contalned 144 squares. The tahles are

e _ dsscribed by Unger, p. 177, as having only 10rows, each consisting of 10 rectangles, oc squares. The tables
©.* werereproduoed by Cdbunl in this form. This form is also given in Pestaloasi’s Ausgewlkhite Werke, by

Q
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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.
o pTL : o
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j It should be noted that no practical problems are included in the
/ hst and there is no suggestion that arithmetic has a practical func-
. f ‘tion. In the first stages, the child was expected to count familiar-

L 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 to 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 »pmmug, and the number of turns an
the reel when they wound the yarn into skeins. !

H
L1
|

No problems are involved here.” The children were made to count
f ' 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
1 ., quotation Wwas merbhad(med by Hhis interest in a psychological
e \ method. Since “clear ideas” of numbers and their relations were of .
L 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 Pestalozy 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 ciphem, but the power of
A 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
e 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
i main object of his instruction in this branch of knowledge was the development of
ot the mental powers; and this he sccomplished with so much success that the ability
~ which pupils displayed, especially in mental arithmetic, was the chief means of
sttracting Lhe public notice to hm experiments.

The Pestalozzian movement in America. —William MeClure, a Scotch
phllanthroplst ‘was 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 |

[}
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This was followed by other articles of a more claborate nature. In i
1806 McClure induced Joseph Neef, who had worked with Pestalozsi, vy
to come to Philadelphia, where ho opaned 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,
Ind.; and finally to Cincinnati. In 1808 he published & treatise on
odnoatmn entitled: Sketeh of a plan and method of education fmmded
on the analysis of the human faculties and natural reason , fitted for the %
offspring 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), 1
contained many articles on the work of Pestalozzi. In 1821, when i

Warren Colburn puh}i-ahod 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 and,armngim: the several combinations the author has received con- A
siderable assistance from the system of FPestalozzi. He has not,. hOWt‘\éf -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.ibinations’” to which Colburn refers are the number
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 childrén 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 { o T
“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 123,

He
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lectual Arithmetic, or amd\mg elsé of a imilr natire, are of anv use |
.. to the learner.” N ;
o In addition to this indebtedness to Pestalozzi, which Colbum
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

Hixgreat and moet interesting project, that of improving the systom of clementary
y 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 ot & pew path
for Cedburn, like others, had been brought up under a system the reverme of that
which he now undertwok 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 Pestaloszi, probably. while in collge.  That whic 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 m&mn’lmg carefully all of the. evidence which has been
obtainable, it is scarrto]v possible 1o improve upon the justness of
these estimates of the nngnmlliy 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-
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 by 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 utibity.t /

Also, 1n another place: _‘ /

Few exercises strongthen and mature the mind so much as anthmetical caleviay
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 them,
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 ago:

The fondness which children usually manifest for thesg o xercisae, 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 Kirst Lessons were inténded to be begun at the age »{ 5 or 6

and studied for three or four years, and then the pupil was to advance

to the Sequel.

The abibty to decide what operations were demanded by arith- -

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
representative 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. ‘
i 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

1 Address, “The Teaching of Arithmetic.” )
3 Preface to First Lessons. g

* Thers is 8 0opy of the first edition in the library of the Ameriean Aptiquarisn Society at Warcester, '

Mass, Tlr second edition, 1522, had the same title.

i
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second- editloq, 1822, contains ofily a few important changesTrom the b
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.

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

)5
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{ denominate numbers, the systems of notation up to 100, and a few - .
explanatory notes. Part II ‘is called & Key, and is primerily 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. o
‘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 cloSes
with a list of “practical question! which show the application of all

.

' the preceding articles.” v

Pl
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Mulmphcauon is introduced in Section II with such examples as:
“ What cost three yards of tape, at two cents a yard ¥’; “ What cost
four apples at two cents apiece{” Colburn remarks that the pupil - 1
will see no difference between this and addition, and it is best he .
gshould 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
B 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
e into two equal parts, one of the parts is one cent.”
g 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.
A The common fractions from fourths to tenths are not explained,
J» 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?
b When wood is eight dollars a cord, what part of a_cord can you buy for a dollar?
3 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?
4 What part of eight is one? '
What part of eight is two?
Three is what part of eight? o
qu is whpt pa.rt of e:ght?

i
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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. ' A

Section V is devoted to such practical examples as the following, %
and to abstract exa@ples to exercise the pupil upon the combinations A
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? ' '
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 s

fraction. For this reason he places together the problems which
require these combinations. He 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:

- 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:

1f 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 45 days? What for 12
daye?. What for 10 days? What for 5 days?

i .ﬁ_ ."-' R o
Bt o RS T

Whlt is t.ho mtarm of 100 and 87 dollars for 2 years 3 months and 20 daya? :
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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, to which if its half and its third be added the sum will be 667

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 arithmetic.—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

"| " soience of ‘arithmtic 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

ngiiistied be
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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 understuod without the aid of algebrs; and when algebra is understood, puosi.
B - tion is useless. Besides, all the vxamples which can be perforued by position mnay
be performed much more easily, and in s manner perfectly intelligible without it.
g Powers and roots, though amhmetmal operations, come more properly within the
pmvmce of algebra. a

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

i 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 ig edsy to perceive thaf if it were continued to a great extent it
- would be absolutely impoeaible to remember the different names; and it would alao be
.. - impossible to parform operationsun large numbers, Besides, we must uecessarily 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
N ten, two tens, three tens, four tens, five tens, six tens, seven teus, eight tens, nine tens
Poe _'These expressions are usually contracted; and instead of them we say ten, twenty,
thirty, forty, fifty, sixty, seventy, eighty, ninety. )

v

TR

E: 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
S, .. - Hence it appears that & very fow names eerve to expreas all the different numbers
which we ever have occasion to use, To exprese all the numbers from pue to nine
_t.houund nine hundred and ninety-nine, requires, properly speaking, but‘twelve”
" different namnes. It will be shown hereafter that these twelve names expreas the
numbers & great deal further.

Q
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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, ha soon learn® Yo do Yixhe 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. He 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.” . i - .
Multiplication immediately follows addition and is begun with

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

8
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cents a galloni” After the example is solved by addition, it ia. |
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 reserved) are 13 (tens).

: Multiplication s then defined as *‘addition performed in this
et 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 104 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
L exactly like it. That is, it is the question to eee how many times R is contained in 32,
