


GENERAL.

To teach these branches successfully it is necessary to have some

clear conception of the end at which we are aiming. A certain
amount of Arithmetical knowledge is necessary for everybody in the
ordinary affairs of life, but a little reflection will show that it is small,
and that the conveying of this amount of knowledge is not the main
purpose of teaching even Arithmetic in the schools. We proceed
beyond the mere essentials because of the training which the subject
affords our pupils, training “in the art of thinking—consecutively,
closely, logically,” and also because of its application to the social
life of the pupils.

We have to secure that the pupils are quick and accurate
at simple calculations, which implies that they must have a thorough
knowledge of the Tables and abundant practice at using them in the
simpler operations of Arithmetic ; that they study and understand
principles so as to be able to apply them to the problems of life and,
at the same time, to secure for themselves the maximum benefit in
tl}f way of clear thmkmg and preciseness and readiness of thought
and exptessxon. It is, then, the investigation or examination of
pnnaples not the working of “ Rules,” that has to be undertaken ;
it number of simple concrete examples can be so presented
g prin iple is readily grasped and then
' It is not suggested that every item
bntore advancing : the progress of

“this would be slow.
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the topic, the necessary data having been supplied, but it seems
foolish in view of the demands made on the school from other du'ec
tions, to occupy the time of a class for two or three weeks in working
through the whole gamut of some particular group of weights or
measures—Reduction Ascending and Descending, Addition, Sub-
traction, Multiplication and Division—returning to the topic again in
Unitary Method and Practice, and memorising a table that will
afterwards be found to be useless. It may be mentioned that recently
a class of grown girls in a city school was found calculating the price
of nine gold cups, each weighing etc., etc. ; they were asked to give
an estimate of their own weights, and only one ventured a reply—
she thought she weighed half a ton. Again, in a rural school beside
a creamery, a class of senior pupils were found operating on circulating
decimals ; but they did not know whether the creamery bought its
milk supplies by the pound or by the gallon, and it surprised them-
selves and their teacher that the visitor should want to know how
many gallons of milk would make 1 Ib. of butter and how many lbs,
a gallon of milk weighs. These—and many similar cases might be
adduced—are instances of how far the school work may be removed
from reality. Another aspect of the tendency towards unreality is
exemplified by the following exercises (they have ot been specially
prepared for the purpose of these Notes) :—

(1) Reduce 9,876,543 sq. ins. to acres.
ac. rd. p. yd. ft. ins.
2200 2i8 "
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more on account of the deadening effect which such an unintelligent
way of employing the young pupil's time and energy must have on
his developing mind,

It should be noted, with regard to the "actual experience and
interests "' of the pupils, that even in the Infants’ class no pupil comes
to school without some knowledge of number and being able to
count to some extent. This knowledge should be utilised from the
beginning. Except where the aim is speed and accuracy—which
demand abundant practice at abstract calculation and depend to a
large extent, as has already been said, on an accurate knowledge of the
tables—the pupils will be engaged in the working of “ real " problems
(and it should be remembered that problems that are “real” to
young people may not appear so to adults). They will weigh and
measure, and the simpler weights and measures and boxes of imita-
tion coins will be in the school ; the dimensions of the schoolroom and
playground, ascertained by the pupils themselves, will form material
f()’;’hrtberrealprobluns;the_ywillhavesomeiduoftheacmage
of bouring field, and of what a mile really means (pupils have
known in Standard VI. to estimate as a mile what was really
100 yards) ; only weights and measures actually in use will
ght—and these whether they are in the Table Book or not,

veight " , the ““ peck * of coals, the number
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The “ Statement ” contains further information not of use for o.ur
purpose. Taking items (1) and (4), we ask, ““ If 8536 1bS_- of milk
Produce 311.5 Ibs. of butter, how many lbs. of butter will be got
from 100 Ibs, of milk?” (Ans. 365.) And again, “ If 100 lbs. of
milk produce 3.65 Ibs. butter, how much butter from 8536 lbs.?
(Ans. 311.5 Ibs)

Next : “If this butter were sold at 1s. 8§d. per Ib. how much did
it realise?"” (Ans. is in the body of the “Statement,” viz,,
£26 12s. 3d.) The creamery manager uses a Ready Reckoner : the
oupils also should be taught how to use one.

. Further : “What is meant by ‘Equivalent price per gallon *?”
“If the total value was £26 12s. 3d. at 7.72d. per gallon of milk,

how many gallons were there ? ” * Now calculate how many pounds
of milk make a gallon.”

Nor are we finished yet. * Separated milk is returned tot
extent of 80 per cent. of the new milk supplied ; if it is worth §d.
a gallon to the farmer, what is the total return to him for the th,
reckoning bntter fat and separated milk supplied? ” (s sl
greater interest for the pupils, and
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“If the yield were 15.5 the farmer would receive an extra 2s. 6d.
per ton, and for 17.5 the factory would pay 59s."’

Paragraphs like these may be handled in the manner already
indicated. The matter in them is not arranged in as orderly and
clear a manner as could be desired, and needs to be carefully ex-
amined with a view to separating the independent data and sup-
Plying those that happen to be missing. Examination of the figures
in the first extract reveals, for instance, that the 590 gallons are
gallons of separated milk ; and that additional data are required—
the weight in pounds of a gallon of new milk and the percentage
{80} of the new milk returned as separated milk. If the figures are
anywhere discrepant, so much the better perhaps—it gives an oppor-
tunity for the exercise of ingenuity in detecting the discrepancy and
m a warning which the ready-made question of our text-books
(With an answer that usually must work out even) never gives—
that statements given in printed figures as well as in printed words
{especially in newspapers) need to be carefully weighed.

ok cannot supply all this: even the best text must
1d cannot be expected al
- A good
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t the egregiously absurd type of answer which
frequently makes its appearance in examinees’ papers, and should, in
this instance, have the effect of making the pupil ask how many
hours per day the man is expected to work. At all events, oral work
will come first ; the new principle or process will be made clear in
the first instance by abundant exercises with small numbers ; these
will be made larger till the need for using pen and paper forces itself

on the scholar. For these preliminary oral exercises a textbook is

not necessary (it is rather a handicap), and if this method is con-

sistently adopted, there will be no great need for setting apart a
special period for “ Mental Arithmetic.” And the method employed
in the two cases will be generally the same. Thus 300 1bs. of butter
at 1s. 2d. a Ib. gives (orally) 300s. (or £15)+50s., that is, £17 10s.,
which is the ordinary “ practice ” method ; and, if the interest on
£300 for 2 years at 4 per cent. gives £3 X2 x4 by oral method, so the
im;;r_,est_,onﬁses 10s. for 2 years at 4 per cent. will appear on paper
5 BB‘.'655x2§4,_ setting down the Principal in hundreds, after having

query would preven
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in things in general. Hence it would appear that the language work,
even when it is the mother-tongue, should be to some extent directed
towards giving the pupils the vocabulary and the ideas necessary
for the early work in number—greater than, less than ; long, short ;
high, low ; add, take away ; half, quarter ; square, circle ; names of
coins, etc., etc. In any case, the language lessons cannot proceed
very far until counting becomes necessary and the children count in
games, skipping, for instance. Also there will be rhymes with
counting. Formal work in number should develop from these—
counting first in ones, then in twos, threes, fives, tens, not only to
form a basis for the multiplication table, but to clear the way for
an appreciation of place values ; if, ordinarily, we count in tens, we
count days in sevens, pence in twelves, and so on.

lvhresﬂdtothceatlierﬂageeawordofwamingappearsnecessary
W ‘ s
RS (l)dﬂﬁn&mynmwnhab&adnumhers ‘the process of ab-
dlr-mMone.nndshpuldbesrdual, thhfrequent
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rather than three ones, three twos, etc., which is
141+41=1%xX3= 3
24242=2Xx3= 6
3+4+3+3=3x3= 9
4+4+4=4%x3=12,

Division, like Subtraction, will be taught under two aspects :—

(1) divide 28 into 4 equal parts—sharing ;

(2) how often can 7 be taken out of 28?2—which is repeated
subtraction.

In formal written addition pupils should be trained to repeat 13
the totals only ; thus for units, 11, 15, 18 and the figure to be 4
auied"sh_ould be wntten at the top of the column to which 5

Itiplicatior SGRecHiery ‘shiuld camsider the advisability of oL
ng ._'Withv the .left hand digit of the multiplier ; it is the most
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addition and subtraction are, normally, merely repetitions of the
process of adding a number less than ten to a number less than a

hundred, it will be seen that the manipulation of the large numbers
brings no advantage.

In dealing with fractions in Standard II. it is not desirable that
the pupils should use, or even see, the symbols 4, :, i ; if they write
these fractions, or if the teacher writes them on the blackboard, it
is the words that should be written. Even in Standards III. and IV,
it is 3 fifths, 5 sevenths, etc., which should be written—at least in
the early stages. Further, the teacher should have it in his mind
at this stage that he, or somebody else, will have at a later stage to
teach ratio, and that the work now should be so directed as to leave
nothing to be undone at the later stage.

Compound Addition, Subtraction, Multiplication, Division should
be treated as the simple rules were. It should be explained that we
now count the twelves (not in tens) and the shillings

8 ¢ 1S 1o new principle to apply ; there
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is clear that when the pupil sets down, say, £5 14s. 83615 as the
answer to a question he is using figures that are meaningless. He
should be trained to write instead £5 14s. 8.4d., or £5 14s. 83d.

The treatment of fractions seems to present the greatest difficulty
to teachers of senior standards, and no pains should be spared in
giving the pupils clear ideas as to their meaning and manipulation.
tation of fractions, geometrical diagrams

For concrete represen
appear to be the most satisfactory. Thus a circle divided into four

equal parts by a pair of perpendicular diameters shows at once
. §=}; another pair of diameters interposed symmetrically between

: the first pair gives §=1=1; while three diameters drawn at equal
8L angular intervals give 1=}, 3=#4, etc., or a square or rectangle might
- be similarly used. Carefully drawn freehand diagrams are probably
best as the process is essentially one of reasoning rather than of
~ As soon as the principle of “ equivalent " fractions is made clear
subtraction of fractions present no difficulty, and one
and division on such lines
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Before the ordinary sign of multiplication is used some considera-
tion should be given to its meaning ; hitherto the symbol has implied
continued addition, thus

§X4=3+3+5+13
i.c., § added four times, an idea which is not applicable to the
symbolism §X3.

Continuing with the idea of § of
3, we note that the lined portion
of the rectangular area in the dia-
gram is § of the total area; and
that the crossed area is § of the
lined ; counting rectangles we find
that § of 3 of the whole area con-
tains six of the smaller units, each
of which is % of the whole. Hence
§ of §=4. Now, adverting to the
manner in which the area of a rect-

angle has been found when dealing

'-wlth whole numbers, it will easily
. , if the rectangular area above is a square of unit side, the

"yoguonuammnglewhuedmswnsm.mpemwy

unit ; and, if the principle already established,
"""“ewhm‘thcdmenﬂons' were integers

&
i\
4
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of what is meant by a common Multiple. In all the p_rocesses the
treatment should be very simple ; a great deal of the time devoted
to the manipulation of complex fractions could be employed more
profitably.

The remainder of the Arithmetical work consists chiefly of appli-
cations of fractions, vulgar and decimal, with an intelligent use of
“ Practice ”’ methods. In some cases fractional methods are easiest ;
in others decimal methods are least cumbersome ; while in others
practice methods are most suitable. Judicious combinations of the
methods are often required and an effort should be made throughout
the work to train the pupils to use the method which gives the neatest
and readiest solution.

Percentages in Standard V. should be connected up with equality
of fractions, 25 per cent.=Af=.25=}, and, later, with Ratio,
25 per cent.=25: 100=1 : 4, and if Geometry is taught Ratio could
well be taken up after a preliminary investigation of similar figures.
Simple Interest and Commercial Discount will be treated as direct
applications of Ratio, and Profit and Loss questions should not be
(as is usual in text-books) segregated into a separate compartment.
' ems on Profit and Loss pupils are often confused as to the
‘whi they ought to reckon the percentage. A discussion
(difference between saying that ‘A is 5 per cent. less than B,

> per cent than A, so as to bring out the fact that usage
G cerned with 5 per cent. of B, and
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This not only saves him from blundering answers but enables him
to ignore decimal points altogether in the calculation, as he knows
now where to place the decimal point in the result.

GEOMETRY.

It appears desirable at the outset to say something as to the
position of Euclid.

Euclid wrote for adults—some 2,000 years ago—what has been
described as “ a collation and systematic arrangement of the Geo-
metric knowledge of his time,” and this in itself should be enough
to make us doubtful as to the suitability of his methods for intro-
ducing the subject to young pupils. His aim was, working on the
smallest possible number of assumptions (axioms or postulates) to
prove everything, no matter how obvious, which could be deduced from
‘simpler assumptions ; this is @ process which makes slight appeal to
the young pupil, who sees little point in proving what is to him
intuitively evident—* You ask him to prove what every dog knows,
tha thesnmoftwosidesof&trianglelsgr&terthanthethudsxde."

Ehchd’ - system provided a set proof for every proposition,
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intuition leads him to accept what is false, it is easy to demonstrate
to him by a concrete example or by a special case that his assumption
or statement is false. Again, we differ from Euclid in this, that not
only will the proof or demonstration not always be supplied, but even
the conclusion to be reached may be suppressed. Thus, instead of
asking the class to ““ show that the figure formed by the four bi-
sectors of the interior angles of a parallellogram is a rectangle,” we
prefer to say, “ If you bisect the four internal (or external) angles
of a parallelogram, what is the nature of the figure formed by the
bisectors? "’ It will be suggested that the figure in question is a
parallelogram or a rectangle, or, possibly, a square ; reasons will be
required for these statements until it is made clear that one of them
is correct as far as it goes, but incomplete, that another is wrong,
and that the remaining one is true for every parallelogram. Later one
proceeds by inquiring what the result would be if the original figure
were itself a rectangle ? Or a square? And if, at this stage, a pupil
uires “ What about the case where the original figure is neither
arallelogram, nor a rectangle, nor a square—just a quadrilateral?”
teacher may assume that things are going well. But, instead of
the question, he should set the class to work on it if their

s in Geometry warrant such a course ; if not, the pupil
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In written examinations, the actual “ form *’ in which the demon-
stration is cast is of minor importance : what the examiner looks for

is evidence, clearly and concisely set out, of the candidate’s grasp of
facts and principles.

A beginning should be made with the notions already in the pupil’s
possession. Before reaching Standard V. he will have some notion
-of a line, of a rectangle (usually called an oblong in his paper-folding
exercises), and of a right angle (which he has, perhaps, been taught
to call a square corner). He will have drawn plans in his Geography
work and discussed the points of the compass, and will, therefore,
have some notion (however vague) of an angle. All this will be
reviewed ; from the cardinal points proceed to the clock-hands,
Reference will be made to the manner in which the gardener lays
out a circular flower-bed ; how he secures that his cabbages are sown
in a straight line ; how the carpenter secures that his corner is square ;
how the mason secures that his wall is veaical; and “ horizontal "
-and “* vertical "’ will be discussed. There will be some practical work
-inoonstructingomammtaldesignswithnﬂerandcompass. Loci
will be introduced as arising out of concrete local problems. Thus a
field beside a straight road has a well whose distance (in the shortest
line) from the road is 120 yards, where may I build a house so that,

a the road and 100
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deal during the year ; such scheme to be amended or modified from
year to year according as experience SUZgests.

As to Symmetry, most pupils will have at one time or another
folded a sheet of paper, and, having made a sketch in ink at one
side of the crease, have folded the sheet back on itself while the ink
was still wet—to astonish himself and his neighbours with the “ sym-
metry "' of the result. A start might be made on this. Study the
manner in which the * image "’ was formed so as to make it clear that:

(1) the line joining any two “ corresponding " points is perpen-
dicular to the line of the crease, i.e., to the axis of symmetry ;

(2) the shortest distance, i.e., the perpendicular distance, of any
point from the axis is equal to the perpendicular distance of
its image from the axis ;

(8) the distance between any two points is equal to the distance
between their two “ images.”

Having examined for.symmetry each of the figures suggested at
paragraph (b) refer back to the practical constructions in paragraph
(a) of the programme for Standard V., and draw attention to the
axes of symmetry. The pupil will appreciate the fact that, in the
ordinary construction for the bisection of an angle, e.g., when each
y«mmummmwymmny.anmm.

-



— S
S ~ LT w~ 3 .~ >
e R R N A s od) S Ko vy 2 % . . 3
B R R TN R LA e S A e SV AR S )
Fﬂl’ T
K7 (4

17

In dealing with parallelism one begins also with the ideas already
possessed by the pupil. Even if he has not heard the word at all, he
sees parallels everywhere, in the flooring-boards, in the uprights of
the door, in the edges of his desk, etc. Having directed his attention
to these instances and inquired for others in order to make sure that
he grasps what the teacher is looking for, the latter proceeds to
elicit the pupil’s idea of parallelism. If the pupil identifies parall-
elism with “ the same distance apart,” one makes that the starting
point and proceeds to establish the angle properties. If the pupil
identifies parallelism with the “ direction " idea, one proceeds to
examine what is meant by “direction,” and a start is made with
the assumption that two parallel lines make equal angles with some
third line. The treatment of the subject may, in fact, be based on
any consistent idea that is in the pupil’s mind : he should not be
forced at the outset to accept some new concept which belongs to
MM day when the child attempted to make a drawing

his acq ce with similar figures ; in his work




And generally that

where d,, d, are any two corresponding dimensions, e.g., two medians,
two bisectors of corresponding angles, etc.

Now, using all or any of these results, i.e., Symmetry, Congruence,
Angle-properties of parallel lines, Similar Figure properties (and it
Will be noted that these are not “ proved ” in the sense of being
“deduced ” from something more fundamental than themselves)
We proceed to consider the matter contained in (g). The extent to
which this matter will be studied will depend on the character of the
school. Tt will usually include

(a) the angle-property of the triangle, and its extension to figures
of more than three sides; the in-centre and circum-centre, treated
as intersection of loci ; concurrency of medians ; ’ ‘

(9) area of the triangle, leading, later to the area of the circle ;
equality of areas of triangles on same (or equal) bases and with equa
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between the lines along which these distances are measured, or the
distance between two inaccessible objects—by any method (again
using a plan drawn to scale). Also such problems as these which
really belong to the domain of plane geometry :—

Finding the length of the diagonal of a rectangular block, a brick,
for instance ;

Finding the area of a section of a rectangular block which passes
through two diagonally opposite edges ;

Finding the plane surface of a right pyramid whose base is a square
of given side and whose altitude is known (all of which involve a
direct application of the theorem of Pythagoras); and this:

To find the area of a right section of a circular cone where the
section divides the altitude in a given ratio.

It should be noted that propositions dealing with inequalities are
difficult, and, if selected for demonstration, they should be approached

Stlly. :
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or not, it provides a very useful transition from the Arithmetical
work. We shall, then, accustom our pupils to generalise :—

287 » >
( ) - T e B where #n is any number;
2 6 14 2u

(2) or, having shown that
SR S N

ITRETRETI TG
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metical symbols will then be reconsidered as to their use and
meaning.
That 35=10 x3+4+5=3 tens + 5;

while 583=10x5+3=5 tens +3

will be examined to bring out the fact that what is primarily involved
here is addition. This is very necessary in view of the fact that pre-
sently the pupils will be taught to write

2x to signify 2x x
xy " AXYy

where the juxtaposition of the symbols now implies multiplication.

The simple equations used in “ solving easy problems " ( (b) of
Programme) will be of the simplest kind: problems will be dealt
with which give rise to equations like

5n42=17.

It is not always observed that in conneetion with (c), exercises
in addition, subtraction, multiplication, division, are confined to
quantities consisting of a single term. Thus ‘

v i R s,
3:_:+4xa"a‘—x="_?:~ .
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In Standard VI.  further practice in the meaning and use of

symbols " will include the manipulation of formulae. Pupils will
construct formulae :—

1. Area of rectangle: A =Ixb.

2, » triangle: A ={a.p.

L PREXT
T ' 4
4. Distance covered by 6

train at uniform )
rate: D=u.t.

3. Formula for S. Int, : T

5 A formula giving the length (in yards) of carpet # in. wide that
will cover a floor a ft. by b ft

6. A formula for all numbers wluch leave a
dividedby 7 etc., etc. Tl'wy will_wnte (2) in

n“




the first exercises in multiplication and division. A couple of simple

exercises in Multiplication, e.g.,

(1) multiply x4 (2) multiply x-3
by z+5 by x+7
will enable the pupil to write down the product of
(x+2)(x+43)=?
(2-+6) (x-+8) =2
even x4+ B x4+ =?
and to generalise (¥+a)(x+b)=2x*4(a+b)x+ab.

Geometric illustration—even for pupils who do not study Geometry

—could conveniently be resorted to here :—

X

5

(%45)(x+2) =2 24524 2x-- 10
=x*+T7x4+10




walks five miles east and then three miles west, how far is he froni
his starting point ? (5 — 3, or 2 miles.) If he walks “ a " ‘miles east
and “b” west? (Ans. a — b miles.) If «p* is greater than “a”
what does this mean? The meaning of signed numbers will be
thoroughly investigated by discussion of problems such as the above
dealing with direction, problems connected with assets and lia-
bilities, with rise and fall of thermometer, or rise and fall of tide
etc. Concrete work in addition, subtraction, multiplication and
division will follow. The previous work will then have to be reviewed
so as to include exercises involving such numbers.
that the difficulty of operating with these symbols should be separ-
ated from the difficulty involved in operating with the * general-
ised ” numbers, which constituted the algebraic symbols dealt with
up to this point.

Teachers having any doubt as to procedure in connection with
this latter topic cannot do better than consult chaps. x., xi. Algébar,
Cuid 1. (Browne and Nolan).

A few simple exercises in square root might follow the work done
in factors and the solving of a few simple quadratic equations should
not prove beyond the powers of an ordinary Sixth Standard boy.

Finding a value of x which will make
A—Tx412=0,

It is desirable




