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in  the root11 do the same work a t  the same time. 
Every new mesh or stitch that is introduced is 
first illustrated by the teacher before the class, on 
a frame which is high enough for all to see. I t  
is rectangular, two feet by eighteen inches. 
Heavy threads or cords are drawn through its 
sides, crossing each other a t  right angles. After 
the seventh year, crocheting of loose, open, and 
close meshes, with one-coiored yarn, is intro-
duced. Next party-colorecl yarn IS used, from 
which various beautiful figures are made, which 
gradually leads them to crochet articles of many 
beautiful patterns. 

From the twelfth to the fourteenth year (the 
last year in the public school^), serving is the chief 
branch. The patching and mending of torn gar- 
ments is most t11oro~ighl.v taught. In the last 
school-year the cn t t~ng  and making of underwear 
is taught. 

The specimens of work that come froin those 
young hands are simply wondelful in points of 
neatness, skill, and taste. Any generous-minded 
person will be a t  once convinced that the capacity 
for happiness in those young girls is far sulserior 
to that of the class who have never been taught 
any thing else than mere book-lrnowleclge. 

SEBASTIANTHOXAS. 

THE TEACHING OF ALGEBRA. 

AXOXG the papers lately presented to the Eclu-
cation society of London, is one on the teaching of 
algebra, by W. H. H. Hudson. I t  contains a great 
many passages of universal application, and such 
deserve to be reproduced in this country for the 
benefit of our teachers of mathematics. Mr. Hud- 
son first answers the question, Why teach algebra 
a t  all? and, while fully recognizing the utility of 
algebra, he maintains that algebra is not to be 
taught on account of its utility, nor to be learnt 
on account of any benefit which may be supposed 
to be got from it, but because it is a part of inathe- 
n~aticaltrutli, ancl no one ought to be wholly a.lien 
from that important department of human 11non.l- 
edge. 

The next question is, When sliould algebra be 
taught? The answer is, B t  a n  early period of in- 
tellectual development. The reason for this is 
that algebra is a certain science, it proceeds from 
~mimpeachable axioms, and its conclusioris are 
logicallg developed from cbenl : it has its own spe- 
cial difficulties, but they are not those of weighing 
in the balance conflicting probable eviclence which 
requires the stronger powers of a maturer mind. 
It is possible for the student to plant each step 
firmly before proceeding to the next ; nothing is 
left hazy or in doubt : thus it  strengthens the 

mind, and enables it better to master studies of a 
different nature that are presented to it later. 
lllathematics give power, tigor, strength, to the 
mind. This is commonly given as the reason for  
studying them. This isalso thereason for studying 
algebra early, that is to say, for beginning to 
study it ~ a r l y .  I t  is not necessary, it  is not even 
possible. to finish the study of a lgeb~a  before com- 
niencing another. On the other hand, it  is not 
necessary to be alu ays teaching algebra : what 
elementary teachers have to do is to guide pupils 
to learn enough to leave the door open for further 
progress; to take them o \e r  the threshold, but 
not into the innernlost sanctuary. 

Children younger than nine mill rarely be fitted 
to take up algebra ; and, on the other hand, it is 
seldom advisable to defer its commencement until 
after twelve years of age. Certain preliminary 
acquisitions are essent,ial for this study. The first 
of these, in 11s. Iludson's opinion, is the power 
of listening. 

" By this I mean the habit of attaching a n  idea 
to what is said. Some pupils -I hope no teach- 
ers -consider it sufficient if the pupil can repro- 
duce the words that have been used, without at- 
taching any idea to them. Such pupils will not 
learn algebra, A pupil who has the habit of 
listening will not allow a teacher to use unintel- 
ligible language, and will he of great use in a class 
hy stopping the teacher and asking for things to 
be repeated and strange sxorcls explained. It is 
difIicult for a teacher to realize that sometimes 
he is using a vocabulary beyond his pupils. In-
terruptions of this kind, which show that the pu-
pils are listening, are of great help to the teacher. 

" Tliis leads to the next essential preliminary :. 
the student should be able to spealc. I do not 
meaii that a deaf-and-dumb person cannot learn 
algebra, but he can only be taught under great 
disadvantages. Thinking of the ordinary run of 
boys and girls, I say that they cannot learn alge- 
bra until they have learnt to speak. By speak, I 
mean can aslr questions and can answer questions, 
can say what they know, and can point out what 
to tllern is obscure. I t  has been well said that a 
pupil who cannot ask a question in his natural 
voice is unteachable : iuy own experience confirnls 
this. Soine pupils put on a lecture voice, in which 
they answer questions put to the~u .  I do not call 
this speaking. I t  is unnatural and artificial, end 
is a serious bar to progress. I t  arises fronl timid- 
ity, fear of the teacher, or fear of the lest of the 
class ; and the latter is far more difficult to be got 
ricl of than the former. 

" Moreover, a pupil must have a sufficient com- 
mand of language to be able to frame a complete 
seatence. I have heard of teachers who are satis- 



fied with a single word as an answer, and who 
21abituallg put their questions so as to aclmit of 
such an answer. This does not encourage the art 
of spealcing in the pupil ; in fact, it destroys it, 
and is not to be commendccl. 

"A third preliminary is the power of reading : 
this is far more difficult, and far more usually ab- 
sent, than the prececling. Slang a boy who can 
listen ancl spealr has no iclea of reading. He can, 
it is true, form the sounds appropriate to the 
n-ords he sees, but he has not the lrabit of using a 
book as a mine of information, of reading in order 
to get the sense : his main idea too frequently is 
that  of learning the sound of the words, like a 
parrot. 

'.There are few more valuable lessons that can 
be given to a boy than to teach him to read a boolr, 
a n d  extract tlle sense out of it. This is what young 
children naturally do with their fairy-tales; but 
when they become school-boys and scl~ool-girls, 
their nat~ralreadingseems sorne l~o~\~  to give place 
to  a ~nechanical lesson-reading. 

"Now, mathematical reading cliffers fro111 most 
other reading in this : that i t  requires writing. 
This is the fourth espential preli.minarg. I t  is pos- 
sible: no doubt, for a great genius to carry on all 
1-he steps of a piece of algebraical reasoning in his 
B~eatl. T l ~ c  ordinary school-boy cannot do this, 
cannot pass from one statenlent of the book to t,he 
next 11-ithout inserting an intermediate step. The 
boy ~ ~ 1 1 0  has learnt lo write, who alv~aqs, while 

reading: has a piece of paper and pencil at hand 

to work out details as they arise, will learn alge- 

bra:  the one who tries tnerely to remember the 

.vr.orcls and syn>bcls of the book mill inalre no real 

progress. 


' 6  These preliminaries of listening. speaking, 
rending, writing, do not properly conle under the 
head of teaclling al5ebra : they are so obviously 
essential, that I scarcely need have mentioned 
then], bnt in so Inany cases absent, that I implore 
those TI-110 hare the early training of children not 
to  l o ~ esight of the111 in the vain hope that with-
out then1 any progress in h i g h ~ r  s tud~es is pos- 
sible. 

"Another essential pielirninary more distinctly 
bears on the subject The teaching of algebra 
must be based on, and naturally arises out of, a 
souncl lrnomledge of the principl~s of arithmetic. 
I n  return, the Bnonledge of algebra mill enable a 
student conc~sely to expiess these principles, and 
to understand them mole clearly. 011this ac-
count, it IS necessary that those who niltiertake 
the teaching of arithulet~c sliould haven. sufficie~lt 
knowledge ot algebra. This is another lowerrea- 
son for studying algebra ; nsn~ely,  in older to be 
able to teach arithrnetir. 
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" I t  is a mistake to teach a pupil any thing that 
lie has subseqaently to unlearn : the persistence of 
first impressions is notorious, theref ore arithmetic 
should not be taught in such a way that it needs 
correction when algebra is studierl. The two are 
naturally and historically connected ; andone who 
is wholly ignorant of e~ tber  is apt, also, to be 1111-

familiar wit11 the other. The teacher should be 
above his subject, not inthe sense of clespis~ng it, 
but as one who looks from a height upon a plain 
can see the topography of the country inore dis- 
tinctly than one on the lower land. 

"Therefore, in  the interest of algebra, I protest 
against the practice of despising arithmetic, of 
setting it  to be taught in scl~ools by persons ig- 
norant of algebra, ancl, i t  magr be. contemptuous 
of the subject they have to teach. A teacher of 
algebra ought to  Bncl t l ~ e  grouncl prepared for him 
by a sound kno\vlrclge of arithmetic : ancl it  would 
be better, therefore, that the n~aihenlatical masters 
sllould undertake arithmetic. 

&'This leads to the next question. Wl;o are to 
teach algcbra? It may, perhaps, he thought by 
son~ethat a teacher requires to he very little ahead 
of his pupil, and that one who has slight lrnowl- 
edge is good enough to teach a beginner. On the 
contrarj-, the proper teaching of the elements of 
any subject requires a teacher who has a knowi- 
etlge conqide~ably in advance. I do not hesitate 
to say that it would be well that a teacher ot al- 
gebra should know something -and that  some- 
thing soundly -of the n~ethod of co-ordinate 
geometry, of trigonometry, and of the differen-
tial calculu~. Teaching shonld be anticipatory. 
The algebra taught should be such as to prepare 
tor these Iiiyher subjects, ancl this can only he 
effectually clone by one who is acquainted with 
them. RIo~e~~uer ,  elementary teaching re-the 
quires nlore care and nlore lcnowledge than mcre 
adrancecl. Nothing is worse than to lay founcla- 
tions imperfectly. A necessary qnalificatlon for 
a teacher of a l ~ e b r ais, therefore, a sound lcnowl- 
edge of mathematic> considerably ill advance of 
the snbject he is teaching. 

"Next let us ask, How is algebra to be taught 'i 
I t  is fashionable nowaclays, and I do not say it, is 
a bad fashion, to attach importance to the train- 
ing of teachers i n  methocls of teaching. But I 
think too mnch importance can be attached to 
method, hleti~ods that seen1 good, and are good 
when first introduced, seen1 to lose their virtue 
after a few yeara. An energetic teacher will be 
constantly changing his methods, ancl adapting 
then1 to the various character3 of his ljugils. 
Freshuess and vigor are far Inore important yuali- 
ties Nevertheless, an unmethodical teacher, who 
woulcl do very well for a single pupil, is incapable 
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of conducting a large class. My own personal 
predilections are in  favor of a Socratic system of 
teaching, by asking questions, and so drawing 
out, -educating, - the mind of the pupil. I do 
not regard it  as good to tell the pupil every thing. 
I t  is our object to train hiin to exercise his own 
powers. 4 child who is always carried will never 
learn to wallr. But a child who can tvalk cannot 
get over a stile, and requires a lift now and then. 
It is a matter of tact to decide, in any particular 
case, ~ ~ h e t h e r  t,he assistance is to be given or mith- 
held. I do not feel coinp~tent to lay clown gen- 
,era1 rules. With a pupil who can listen and 
speak, understanding these wortls as I have ex-
plained them, there is little difficulty in ascer-
taining whether the supposed inability to proceed 
arises from want of power or fronl laziness, It  
very often arises from want of n-ill, not exactly a 
downright shirking of svorli, but a certain defi- 
ciency in determination. I n  such cases a guicliug 
hand is better than a lift. 

"That 111ethotl of teaching is best cvhich most 
stimulates the mental activity of the pupil, and 
that is the reason why rr~ethods after a time cease 
t o  be good : it is just because they are roethods, 
and become mechanical, and so fail to stimulate 
activity.

"Algebra should be taught as if to an intelligent 
person, Unfortunately, all th r  pupils in a class 
are  not equally intelligent. Still, people turn out 
w r y  muc11 as you treat them : dramout the germ 
of intelligence, ant1 it ~vili grow. A style of 
teaclling that is basecl on the supposition that the 
class is unintelligent, is apl to end ill making them 
so. To this end no slovenly worir sllould be al- 
lowed. I t  is a mistake to look only at  the answers 
of a set of exercises, and not to care about t.he 
orderly setting forth of the argunient that leads 
to the  answer. This is a practical detail that re-
quires some slrill to atljust : the mode of adjust- 
ment depends on the size ancl character of the 
class. Too n n ~ c h  of the teacher's energy is in 
danger of being abeorbed in exanlining exercises. 
The benefit of the exercise consists chiefly in doing 
it, and in so cloing it that it needs no sub~equent 
alteration : consequently the correctness of the 
answer is a most important point. But a practice 
of merely looking a l  the answer allows the bogs 
to  fall into slovenly habits. sncl inay lead them 
into the unsound habit of working up to an an-
swer. 

* '  Considerable difference of opinion is expressed 
as to j~ l s t  how the first s t ~ p s  in algebra should be 
talren. It mag be talren by using letters as gen- 
eral symbols for numbers, treating algehra as a 
generalized arithmetic ; and there is rnuch to be 
said in favor of this. In  this may algebra pre- 

sents itself as a language, and this is a view of 
algebra that ought to be put before the student 
a t  an emly period. Some of the most instructive 
of the early exercises in algebra consist in trans- 
lating general arithmetical statements into sym- 
holic language, ancl in fonning the equations 
which are the algebraical statement of problem-. 
Simple equation problems can hardly be begun 
too early. 

" On the other hand, the notion of the negative 
number can he acquired \I ithout the use of any 
fresh apparatus of sy~nhols beyond those that the 
student has been accustomed to in  arithmetic : 
and, as this is one of the greatest of the early d ~ f -  
ficulties of algebra, I have someti~nes tt~ought it 
wise to begin ~~71th of the it, so that  the d i f i c ~ ~ l t y  
negative quantity may be nlastered withont the 
con~plication which the use of letters seems to 
give to the rnatter. I think nlyself that it is nlore 
logical to beam with the letterq, but that it  is, on 
the whole, easier for the student to begin mith 
the negati7-e quantity. To talk about and explain 
5 - 8 is sirnpler to a beginner thar, the use of 
u and h. 

"But, whatever sequence of the parts of the 
subject is adopted in teaching, there should he no 
departure from a logical development. Algelsra 
is built up on caertain few asion~s,  and certain not 
Very numerous co~~ventions.A pupil should be 
led to see from the first the distinction between 
what is axionlatic ancl what is c~nventinaal; 
though, in the latter case, he may be unable, a t  
s n  early stage, to see the convenience of the con- 
vention : he is not a sufficient judge of this, in 
many cases, till his studies have proceeded snuch 
further. But he should be encouraged to see for 
hiniself that the propositions of the science are 
correct,ly cleducecl h:r. means of the axioms of 
mhicli he adniits the truth, and no matter should 
be tanght which cannot thus be put before him. 

'-The gradual extension of meaning which such 
a term as ' multiplicatioil' receives -first in 
aritlllnetic, when it is extended to a fractional 
multiplier ; then in algebra, when the nzultiplier 
is likely to be negative ; and finally in applied 
mathematics, when we contelnplate a concrete 
multiplier -is a rnatter which should form part 
of the teaching of algebra to all, \vho should thus 
be led to see that in rnathematics ' impossible ' is 
a word of only ternporary significance. A stu-
dent who knows only arithmetic is justified in 
saying that 5-8 is impossible ; but the itnpossi- 
t:ility is a stile to be gotten over. 

" In  loolting over exercises, it is often more im- 
portant to look over those that are wrong than 
those that are right. When an example has been 
clone riglit, correct in reasoning ancl accurate i n  



process, the teacher may look at  it to see where 
the form might ha\ e l~een improved, h o ~ ~  it might 
have been curtailed, ~ v h a t  steps mere superfluous, 
and so on. So long as any fault in reasoning has 
to be corrected, it is pren~ature to exarnine inele- 
gancies. I do not advise correcting too Inany mis- 
takes at  once. I t  dishearteas a pupil to have too 
many faults found a t  once. One rnistake in each 
exanlple is ordinarily enough. The faults of rea- 
soning are to be first co~rected, then rnistalres in 
work, and, last of all, mere matters of arrange-
ment. I lrnow that this order is distasteful to 
some pupils, who like first to be told horn to put 
their work domn. I recommend the other order : 
let thein first reason out the proposition in the 
way which they can follo~v l)y themselves, and 
nlalre no mistalre about it ; then theg are able to 
appreciate the advantage of particular modifica- 
tions of their process that a nlore experienced 
nlathematician inay suggest to t11em. 

"'s an exanlple of what I mean. I may refer to 
division by a binomla1 factor. such as ,?: -a. A 
pupil will a t  first naturally imitate long di~is ion 
in arithmetic; he may then be shown how the 
abbreviated, or synthetic method, as it  is called, 
is a mere re-arrangement ancl curta~lment of what 
he has clone before ; mhere:ts, if he had been 
taught the shorter n~ethod as a rule f ~ o m  the first, 
i t  \i70uld ha\-e been a mere un-understoorl rule of 
thumb. 

" I t  has been for a long time 111y practice, due 
to a hint from the late hIr. Todhur~ter, al~x7ays to 
require to see an attempt and an exact statement 
of his difficulty from a pupil, of any problen~ that 
he says he is unable to ~o lve ,  and which appears 
to nle to be within his reach. The reason is, first, 
that I may see wliere the precise ditiicultg is, and 
so lrnow what it  is that I hare to exalain : and. 
still more, hecause In tlie act of settlng forth the 
diEcultg tlie obscurity has a hablt of disnppeaiing. 
A student may thinlr he is unable to solve a prob- 
lem because he cannot see Ins nay  fiorn the be- 
ginning to the end ; but he can generally draw 
some conclusion fro111 the data of the yuest~on. 
I can then give him just the help he neecls, mhtre- 
as otherw~se I am liable to explain to lum mhat lie 
really understands, not lmowing what it is that 
stops him. 

"The influence of exa~llinations is nor. ivliolly 
bad, as at  first sight one m ~ g h t  be ternpted to 
think. -4 teacher who has not the prospect of an 
examination of his pupils before him is apt to 
thilllr that it  is sufficient if his pupils understand 
tile subject, ancl that requiring the111 to reproduce 
it is sul>erfluous. In this theg are liable to lose 
the great adtantage which the necessity of writ- 
ing out would have given them, ancl the teacher 
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is extremely likely to credit them with a lcnon7l-
edge that the exanzination mould have sllo~vn that 
they clo not possess. As a test of knowledge, 
then, an examination is useful ; nay, it  is most 
valuable. Rut when the examination is made an 
end in itself, and vhen  the object aimed a t  is t o  
produce a semblance of knowledge to deceive a n  
examiner, where the reproduction is made a pri- 
mary object instead of a secondary one, in sub- 
servience to the rnental education, then the in- 
fluence of the examination is mischievous. 

"Ho\vever intelligent and teachable a pupil 
may he, he will occasiolially malre mistakes. The 
commonest forms of theie annoyiag but compara- 
tively innocent nlistakes are nlisoopying either 
the question or their own work, a~ithmetical 
slips, and nlistakes with the signs + and -. 
These nlistalres do not always imply ignorance or 
inattent~on, and a teacher is unwibe to attach too 
~ n u c h  importance to them : a few of them are 
quite consistent wit11 a sound appreciation of 
principle. The ei'folt should be made to untler- 
mine the causes of theae faults, rather than to cor- 
rect them ~ x h e n  made. The chief of then1 is 
hurry. This is a growth of our age which sends 
clown the fib~es of its rootlets even to the minut- 
est arrangements of school-life. Set before your 
pupils that accuracy is preferable to pace ; ac-
custom them to the habit of exact speaking ancl 
mrlt~ng,even to the dotting of z'a and cro,sing of 
t's, -and such f a ~ ~ l t s  >\-ill largely disappear." 

THE STbTDPOF LAlWUAGE.  

HUMANlanguage is wholly a psycl~ological pro- 
cess. As .ion Hun~boldt lone: ago pointed out, it 
is nothing innate, hut a function ; it is no concrete 
object, but exists only in the soul of tlie indi- 
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