- DEPARTMENT OF THE INTERIOR -
BUREAU OF EDUCATION

L fee —

" BULLETIN, 1917, No. 27

' THE TRAINING OF TEACHERS

_OF MATHEMATICS
THE SECONDARY ;CHOOLS OF THE
COUNTRIES - REPRESENTED IN'-THE

INTERNATIONAL COMMISSION ON
THE lelACHING OF _,MAIHEMATICS o

~ B}'
RAYMOND CLARE ARCHIBALD

ASSOCIATI; PROFBSOR OF‘MATHEJWATICS IN BROWN UNIVERSITY
PROV[DENC& RHODE ISLAND

g th the Edltonal Cooptmpon of & .

D. E. SMITH, W. F. 05GOOD, J. W. A. YouNe
MEMBERS OF THE COMMISSIQN FROM THE UNITED STATES

H

‘ e | waseinetoN e
“COVERNMENT Pmmmomcs g o S

Ll . P L]
. o i
: - : ==




.
.l
hY
o
. y
. . : . "\.
. Q, . . .o %
® 5o by . ) *
- g , . ' . -
' ’ . . s . o
€ / . ) .
B . o 5 O
. ’ .
- Y . ’ ’
’ .
. * .
o . / : - | ’
RN -
0 0 . -
o g . .
. o Lo 0
. 3 * h ~ . - ‘ ‘
. . <
", K 0°0
' . NS 0
. L . .
i '
. .-
. N . A O - %
.’ 2
: —— .
ADDITIONAL COPI -
* NLICATION MAY BE PROCURED FROM .- .
DENT OF 1086 UMENTS .
~ - GOVERNMENT FRINTING OFFICK :
2 . C WASHINGTON, b, .
o . . . v AT
I L« " . . .80 CENTS PER copry L o
) . 3 !
! . . ] e 9 - . .
; . ' Al ' .
. . . s @
‘. - -~
g ! . s * M 2!
B L M
; . \ °Cp K ¢
2
- “ s .
. - . X o ,
. . RS :
] . .
L \ -
- v L . \
, .
\ .
. : / .
- ~.,( . o ot 3
L ] R « o N L
' -

ERIC

Aruitex: provided by Eric



Al ’v [} . ¥ i
: » .
) % L. 8
.‘ « >
“ e
# ., ... CONTENTS.
¥ o_ i‘ &—-—Q—a_.
Introduction ... eeeeieas Rt sl SN ol 50 N 24"
I Auwstralic ... .00 00 . ... SRS B WS oo ey Syl
IT. Austria........ o Qo I 0 0 0F B TS O T S0 O o & o

©IW’ Belgium
V. Dcn)nark
_+ V. England ;
VI, Fjndand........ E oo P v B Yo
VI l"rume ......... Wl o o S o0 im0 0
VIl
IX.”
D & {
. Xr-
XIL
*oXL Rnumanm.
XIV, Russia.: ... ~ i,
XV Spain...ooooaL
XVL Sweden ..o o
XVIL %wnzor]and
N \'\'Ill UniudSr.\u-x The

I'mvemuv of London, m‘ltnoulauon oxammatmns o B0l o o o Ao o
Appéndix B.—England; l‘ntmnce schnlarﬂhlps (-\mnmatmn papers, (ambridge
University. ... o
-\ppvn(hx (.—France: Concours for admusmn to tho Ecole \'ormale Sup(rmure
“and for the Courses de licenses i LU R £ 6 T
! Appendix D.—A grégation des smenceg mathématiques. ......... 53 oy Po06
Appendix B.—Germany: . .
Reifeprisfungen .. ;. .......... AT Y TNC IR S BL s
Lehramtspriffungen. ....... R A PO IR PR R
Appendif F. ——Iapan Exammutmn questions 5
CINLEX ... i S edeteneeenceens B L TRV e ey
LY . . ‘ . . ‘
Ay ~
& r;_ -5
- . 3 i L :
| S if
; Lk . ; ' : ’ ¢ i <t
. i i 9 B = 4
é{'_\'/l ‘. ’\." 54 }
3 § 5 T ; b )i: o
:.’ 5 1, ) ‘-: i ’: G = i

o

ERIC

Aruitoxt provided by Eic:



o

ERIC

Aruitex: provided by Eric

L e

E s s =
A -.. " INTRODUCTION. BRIy

.- K L e Ty,

During the deliberations pf the International Congress of \Mathe-
maticians at Rame in l,})of Steps avere ‘taken to organize an Inter-
" national Cgmmig’sion on’ the Tedching of Mathematics, ‘the members
of which were to' prepare or procure reports on the teaching of -
“mathematies in- different countries. Most ‘of these reports”were
ready. for the C_a,lbridgo congresg in 1912, bit since then several . - -
. mare have gppeared. - At this writing. 1> couiftries have publishied * .
178 reports, containing over 12,000 pages.” Germany has already
issued. 50 reports, - with a total of 5,393 pages. _About - fifth of " this: " -
space is'required by tha L hited States for its 14 reports (the ‘present .~
report being the fiftenth), angd abouta sixth of the saine space by, . - !
each of "the following countries: Xustria, with.13 ‘reports; Great
‘Britain, with'34 reports; Switzerland, -with ¢ reports; and Japan, ..
with-2 volumes. The reports of France 'c.o\;or‘sén.l_o 700 pages. Of .
- ‘more modest dimensions awg, in order of. size, the reports from Bel-
" gium, Russia (including Finland), Italy, Sweden, Spain, Netherlands, -
. Hungary, Denmark, Australia, and Roumania (1 report of ‘16 pages).
. From’this statement it ‘wilk be observed that much greater “detail -
=, is given in the ¢ase of some coumtries thar in:others. Moreover,« .
. even i’ réports of about the same length different sibjects aro em- -

* phusized.  As this bulletin is based very largely upon facts-drawn -
from the reports ‘to the Intrnational Commission, the, treatment of
ts g;ect!{'ons varies with the extent of data at hdnd, and lack of uni-* -
|~ formity is a netessity. “No claim is' made, for originality. of presens-
ation.” . 0 o o v
For_the most part only those ‘schools which are under thg immedi-

- ate diréction of the Goternnyent havé been cdnsidered,  And even

* kere discdssion is limited to tHe best schools for boys and to the teach- .
ers in such schools. "As ,a'x‘ul(?..t_hc schools fbl\g\irls are not as com- .

* pletely otganized nor of so higlTs standard. * T

-~ It has seemed to me desirable. to- include in 'this bullétin, when .

" pn_'ssiblex'vory brief independent sketelics of the educational con-- )

“ditions {n-the various countrics; so that the readermay receive

" here ipc nnected form condp.né«}d but'doﬁni_t'o acconnts of the follow- * -

" ing phases-of ‘educational work in the country undér discussion, in
so_far as they bear on.the prepuration. of. teachérs of secondary’

- mathematics:* (1) The general educationa] scheme; () sccondary- -

1 For greater detail along this Line the resder may be calerred to Monroe's Chelopedia of Education (3.
" volumes, Now York, 1911-1913). As to taathematlcal tnstruction the Bibliography of the Teaihing of Métk-
‘ematics, 1900-1914, by D. E. Sroith #hd K. Goldaiher (Bu, of Educ., Bul., 1912, No. 29), Washingidn? :
Government Printing 0mo‘e.\ls;2, contalns ttles supplementiry to the bibliogruphles in the following

: Aot
i ) TARG s e et
= (L AT an‘...’.yr ST o -.-
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.4 TEACHERS OF MATHEMATICS _FOR'SECONDARY SCH(QOLS,

»

schools a.n“d.'t gheir relation: to t
taught in-the secondary schools and the pupils to whom it is taygh ;1

“¢4) the -inducements (such as saliry, pettsions; social* position) o

(8). the uaiversities of- the country, the courses” of mathematics and”
allied subjects - they “offer, and the diplomas’ or . certificates ‘they
confér.  With-this in mind, one may get an intelligent idea both

young mien to take yp secondaryischool deaching as a professidn: <

of the preparation of the secondary-schaoot -teacher for his -duties

~-and’of the type’and caliber of men who take up such work. An

endeavor has been made to pictue conditions, of the preser, day. .

‘Only oceasional brief historical comments have been ntroduced.

“Ata meeting of the International Coigurission on the Teaching of
Mathematicg hold. ut Paris in April, 1914, the commission decided o
study the theoretiéal and practical’, prepatation of professors of

mathematics in the secondary schools of different’coungrics, It wes

. considered that such a work * wauld " constitute in a-ceFain sense
“the crown of the labors of the commission:” Early in 1915 » qucs-

. . M - N ., . - .
tiommaire, was. published 2 in order: to acqufiint those -who might

. coiseht g0 prepure- the ‘speéial reports for_differént €ountries Avith
“the questions which” the commission wished tohave them ayfswer, "
As'far'ns Ihave been able to leirn, only two reports based ‘upgh this

- questionnaire l\uvq been “published: at UAs writing;- these dre the

-

brief report (14 pagres)-by W Lictzmam. concerning Germany, and
the longer report .on Belgiuni by JoRose.” Tt s W8pedd that. ‘the

. general Teport submittéd berewith muiy e cBnsidercd a worthy coi-

“tributioh to the commission’s speciabinquiry, o ‘
- At the present time siperiniendents, inspectors, and principals in
‘many?patts of the United States have been foreed by public opinion

IR . e
hat scheme; «(3) the mathematjcs

H

to consider numerous radieal changes “in® methads of sov’twlur):-..‘

oo O .9 “ . [ o . n
schio] education? If a high minimum standard of préparatiolf were

“required un the patrt of ench teacher, and_the position of the teacher

for the m(}st-pnr\t, tosinte bellum days. "y

L Deeembge rory L

were madde such as-to atiracwin sufficient numbers the best talent in

- -the country, other «Iillimx‘lli'-:f would di%appear,  Most countFies con-

- sidered “inthis bulletin, Dave: far ligher standards than-we_with .

_Tespect to teachers “of athematics i secondary schools, “The
*"degree of (his supetiority is exhibited- throughout the following pages,

" and sonie.of the chief pdints are summirized in ‘the last chapter.

o In what follows, statenjents concerning countrics now at war refer;

.
d
oo

Y VFor fuller gocount ql‘t_hef'mk, In m{thetpaflea see Curriculs in Mathétiatics, o comparisan of courses
", tn (RY countries reprisented i (ke International. Commission.on th. Teacking of MatNemetici, by J. ¢, Brows

.. (Bw..of Educ:, Bul.; 1914, No. 45), Washingeon; 1915. - . Sty R

. ' .L"R‘ 5' mont Aaths

ue, tome 17, January, WIS, pp. 01-65. Ses also pp:ft2- 145,
ot e S . o

e

.

.




o
ERIC

Aruitex: provided by Eric

¥~ - THE SECONDARY SCHOOLS. .

P , ) L e S S a.
b LOAUSTRALIAL -~ 7 0

-~ Mistralia i politically. dividd iifo five States (Now Squth Walss,
Victoria, Quuensland;» Soutdy -k\ustraﬁln,f.-)\'vswrﬁ Australin), which

‘with the island of Tasania form avlmt: has heen known sinee 1001 |

- - tha -Comynonwealth -of Australia. At "i“;‘nb of -the ‘six” capltals
. . . B A PE

. TRAINING OF TEACHERS OF MATHEMATICS FOR "

~18ydney! Melpourne, Brishaniv.- Adelaido, Forth: and ‘Hohart? therg . °

- eXEES - univesity: supportedsin ‘part by Hublic funds * und in part

* by private endowmgiits -and’ fods:paid by ‘students. - And whilo tho

cducational conditions vary greatly an’tRo_differerit St ates .and not

“a little ‘in the, saue State, the universitios, whataver their status,

. are the crown of the educational sistem of which they form a"part.

c 'l'l1‘--:4~_q_u\lil'imi<',‘ilf "Now South Wales arigh Vietorial eacly with - popn-

Jation.of ‘mory- than one-ane mmm{'|_1)ill§éi|‘s.xltnql with universities

~founded woll gver. binlf” 4 fentury ngb;.mj«'\' greatly superior (.6 thoxe in

S e enornious Stata ef v;\\"ustm"l.l»Au.’e,trnlin. with its weattereil popula-.

‘tion ofs Joss than 300,000 peaple (i 1911y and“a yniversity which has
B - o

.

. been’incoperation but a short time.

. . R

The -peculiarity. 4 - Ayistralian ‘education is thae the State not only “controls, hug

7 womgiletely and ahsitutedy sapportd and regufates the aystem of pulilic_education, -
v 'w'idpm( support from or interferenae by the localities in.which_ the schoola may lie.
Aistratian education tendd therefore to lx'.»rou'&ril[i )('d',"ﬁ_;’lr;u'll.uﬂi(‘.;nil':l homogeneous:

. bt sinee local interest is naturally: fitfgh. the extefnal efuipment of the sehools ig
< oty of an_ﬂin’fc-'rim‘ (;hqnu'ti-r.._\vtllilb the qualifications of the teachers ane distincely
s spperior.  Primary. educatim _thrqughout Australiy 4% free, bt wcondary is not..

- The State acBudarg achools are fower and somewhal lows .imp(i,r'umt Athan thowe of a_

. “mipublie endowed or dendminational thamcter, " ) .

The arganization - of sngmn«lgy.~qadut'at.mlmn Australia 18 passing -
“through a period "of active d rolopment.+  But unt,ilr;var_v ‘recontly
the chief influence upon the \«"(}rk‘_'of,lhn socondary schools has heen
exerted by the universitios, not only through their raquirements at’

.« - “matriculation, but also through a gystom of public examinations takon " .

by pupils Mf 'htl'xe,s(.:pooh.ivlyil,hor, thay proposed to enter the univer-’

o . 1*The universities, tho‘;xh'_ nat State unl \:g::l_tiﬂ in the :m'nl senseiof the term, a2 In most caseslargely
" s supported by the State. “In some, lnﬂanm%ﬁlﬁ'e;fiomrﬂon-dl‘thefr_nw"rmm derivgd-trom’.the Treasury

15 80 largo that, excapt for the freédom of fheir administration, ¢ ym"u&;mm;(q,\ distinguish them

T frém State lnstitutiond

+
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. 6 . TEACHERS OF MATHEMATICS FOR SECONDARY SCHOOLS.

" them Has differed from State to State. "S\ince 1912 thoy aro. grad-
uslly being displaced by a much more Satisfactoty system of Sate
intermediate Yand leaving certificates. - Pha reqpirements for these.
oxaminations "imd certificatds givo- a faif: idea ,of the gtound the

toacher must BT in his instruction. : For thio Stxﬁ,os i exder

" 1Oxford’ Jocal examiiations. The ‘machinéry “in.’ connection with

"these requiremeiits are: - - RS D e
“e ’ Q JUNIOR AND SENIOR EXAMINATlONS. :
N S UNIVERSHTY OF SYDNEY, oo e

¢ .

- Till very recently the.junior examination was held in June of each
.- year. €andidates averagod 15 Yedrs of ago. Tho examination, was
intended to cover. the first. two or three. Years’ work of the socondary
-~ 8chool.. Every student matriculated at the university had to pass
the’ mathematical papors of this or an equivalent nxamjnation.
- Almost all of thoso taking mathematical classes in their university
" course also passed "the senior, oxamination in’ mathematics : beferp
entrance. The seniovxafxﬁr{ntion was usually taken from one and:
& half to two afd n hblf years after the junior; additional papors or
. 8eparate questions weré sof for hongr candidates. '
- In New South Wales the abovo junior and senior oxaminations are
now roplacod by the systom of State intermediate and leaving cortifi-
cates.. The former is awarded aftor thh stecessful completion of two
yoars  work in the high school. "Phe courses of study in the mathe-
-matical subjects are, in outline, as follows: -

includes mensurgtion, the plane figures®named in the syllabus beig the rectangle,
triangle, parallelogram, quadrilatera); and- circle. The solids are the rectangular
box, ‘prism, pyramid, cylinder, cone, and apliere. The simple numerical trigo-
hometry of the right-angled -triangle .is also intcoduced. This is not taken in the

- factory disctission of the points involved. | : .

o s. Algebra: The work in algebra of these two years goes up to simple ¢ase of simul-
‘tandous quadratics. The variation and change of sign of the expressions az+b and

" @?4-bz+c are studied graphically and algebrajcally. < -  <a :
Geometry: This course coders the’ subjeét matter of Fauclig’s, Elements, Books

1-111, with ssme freedom from his methods and sequence. Prop. 4, Book I, is

accepted as an axiom. Preliminary ‘practital work in geometry.will in most chses

- have been doné before enfrance upon the course of the secondary school. _

" into pass and honor sections. Practically all pupils have to do some
mathematical wark in those two years,‘but only those who have
shown Bpécial aptitudo for this study attompt the full course, Indeed,

" ;}m} take;ff);gl part of ‘the pass courss, but all' who desire leaving

- Cdrtificates to.count as equivalent to ,t{go' mgtric;ixlntign -examinatipn

- sitios,or riot. Thoso oxaminations afesithilar to the Cambridge and -

<. Arithmefie: This forms a part of the first and éecond\s'-ears' work for all pupils. It i

" arithmeti¢ course till after a simple geometric treatment has made possible a satis .
. ¢

" The third and fourth yours>work, in tho high schools fs' dividpd

1
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AUSTRALIA, - T T

have to satisfy the examinors’in one of- the two pass mathematical Y

papors, and thus have to reach a,certain standard in alfebra, gegme-

- try, and trigonometry. There are three higher papers set in mathe- -
hatics—one ‘devoted to goomatry and trigonometry;- another to -
algebra, coordinate geometry, and the eloments of the differential ;
.caleulus; ‘and the third to mechanics. ' .

The nature of the work in mathomatics tested at the leaving\
ecrtificate oxamination is as follows: " . .

‘Algebra:m A work in algebra distributed over the ‘third and fourth years
includes what may be described as ‘“‘up to the binomial theorem, with a positive
integral index:”” “Ihtercst and annuities are introduced after logarithms; and graphical . .
* illustrations of maxima and minima, etc., are given. The arithmetic course is sup- .
*. .posed to have been complgted in the first two years. e
The’ additional work for honors includes: Convergerice .of series; the binomial -
. theqrem with fractional or negative index; the exponential and the ithmic series,  *
‘It compriscs a coursein coordinate geometry of the straight ling':lrl circle, and a
9 short introduction to the differential calcutus. Ouly differentiation of powers of z
and simple ‘algebraic expressions. need be attempted; the results are applied to the
“ equations of tangents in coordinate geometry, to velocity and acceleration, and to the
deétermination of important areas, bllrfacm,, and volumes. - o
v Geomelry: The pass work completes the usual elementary ‘course in geometry,
withoat solid'geometry. Tho additional work for honors is as follows: Modern géome-
&v—including transversals; nine point circle; harmonic ranges and pencils; pole and
polar; similitude; and inversion.- -Solid gedmetry-inc]uding the substance of Euclid’s |
_Flements, Book XI, 1-21, together with theorems telatihg to the surfaces and volumes - -
of the simpler solid bodies. Geometric conics—including the more important :
properties of the parabola and the effipse. - ) * .
Trigonometry: *The pass work takes the pupils up to the s8lution of triangles. The
honors work, in addition, iricludes a fuller treatment of - the preceding, with circular
- . measure, De Moivr®s theorem, and cemiﬁypeé of series. - . :
Mechanics: This subject is not divided into passand honors. It comes as one of the
higher papers in mathematica. It is intended -to bg prgceded and accompanied by
experimental work. Indeed, in many schools the cotirsq is under the direction of the ..
science master. [t includes the usual elementary work in statics-and dynamics, with
elcmentary hydrostatics and atmospheric pressure. ©~ - : :

o, 0 UNIVERSITY OF MELBOURNE. , .
-~ . L ..
Hero the schemo of public examinations includes -the junior.and
tho senior oxaminations. The usual agd for the junior is about 16 P
* and for thé%enior about 18: : _ o e ‘
At-entrance to tho university a certain amount of mathematies .
is required for all the facultics, oxcopt for those of law gnd music. -
In arts—agthmetic, algebra and goomgtry; in eugineering—arithme-
tic, algobra,- geometry, and Trigonometry; in science~—arithmetic,
‘algebra, and‘geomotry.- “The scope of the examinations in theso sub-
’ Joets is very similar to that indicited above.in connection wi}h the
interinodiato and loaving cortifiates, . .- R G N &
i . . . . B oc . ° %

N . . R L T,

-
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, -Among the public.eximinations in this university are, the junior

- much the same ground as the junior and seniqr examinations in New.

. and goomd engineering—the senior examination must be passed

i Sydney. The public pxamination system’ has now been adoptdd by

authorities to recognizo it.

- tration, that spocial training”in the thoory and practice of oducation

" -of traveling scholarships enablo the bost of the candidates for- the

P3

8' TEACHERS OF MATHEMATICS FOR SECONDARY S_CQBOOLS;
: . e ¢« - M

1
. X ! » .
'%.. UNIVERSITY OF ADELADE. = o
and senior and a higher examination. These examinations cover

Soush WaRd and Victorias But the programs (in mathematics at least)
« do not includo the work pr(},scribod for honors.  The requirements at
entrance to’ the differont facultios gro as follows: Science and medi- -
_Cine—th senior examination must boe passed in arithmotic, algehra,

/in_arithmotic and algebra, geometry, and trigonometry. - _
-Up to 1913 somb of the schools of Western Australia sent up their

+ pupils to the public examinations of tho University ofvAdelaide, but
with the foundation of the- University fof Western Australia this
?mcticn has been_discontinued. :
N - . , <&

. UNIVERSITY OF QUEENSLAND, » L

Until the year Alf)lolthc socondary schools of Quognsland usually
sont up their pupils for thd public examinatiens of the Universgy of

the new University of Quocnsland. + The mathematicul programs for «

its junior and senior examinations are practically tho same as those

in Sydney. =~ - - ‘ L
- __UNIVERSITY OF TASMANJA. ;

The. scheme- of public examinations ineludes a junior and, senior
examination somewhat like the corresponding examinations in Syd-
ney. The scope of these examinations as regards mathomatics has,
however, been much nyrrower. A beginning of better things was
mado with the foundatidn of two State serondary schools in 1913
Tho education department proposes, with the assistance of dopart-
mental officers, secondary school toachers, and represegtatives Gf the
university, to frame a four-year curriculum on lines similar to-that
adopted in New South Wales, and it hdpes to got the unjvorsity;

.

~ = TRAINING OF TEACHERS.

~ For teachers in tho socondary schools—public or privato—a uni-
versity dogroo has been”in the past, and, stil remains, an almost
indispensable’ qualification. It is in all cases recognized to be der
sirablo, and in some cases ingisted upon by the reddlations for Togis-

bo included in-addqition to the work of the regular university curricu-
lum in arts-or.scienco. Further, in at least ono State a fair numbor

teaching profession to erljoy ‘a year or more in Europe or Amorita
'«




. 4USTRALIA. = . . & 9

at the.chief ingtitutions for the_tminfing of teachers, or in special .

study at the univérsitigs. . . .

It remdins todescribe the work,of the teachers’ colloges and to
give indications-of the courses in' mathematics at tho universities
which- have been dvailable for the future secondary school teachers.
For this purpoge it will be convenient to take the different States
soparatoly. I : S

. . NEW SOUTH WALES, .

The Teachers’ Training Collego in Sydney was founded in 1906 for
the tfaining of Stato school teachors and 5¥%hors who might desire to
take advantage of the courses on instruction given therein. The
collego provides'a varioty of courses of t ining, varyingin length
from six months to-four yoars.> The or: inary colloge course is the
two years’ course,® which qualifios for teaching in the cl of the
. primary school. For entrance to the regular college coursoag:’ionving‘

certificate o its equivalent is soon to be required. For the present

1 has been found desirable to admit studefits having reccived only

the intermediate certificate granted by the high school at the end of

two years of study: ' : B )
. The regular students of the colloge who have reachod the standard -
of the matriculation examination in the facultios of arts or science’
aro encouraged to attond the university classes, instead of those at
the collego, in _zho subjects of their course. They are admitted to
these classes without fees. Those who do sRisfactory work at the

= —_ S,
" “The erection of a new buildingTor the eollegoturommenced In 1914 0n land provided by the University
of Bydney. When completed ig was plaoned that it should provide truining for private secondary and
primary schools, as well as for Sfate scrvice. ) . .
! The minimum age of admission to the collgre is 17 years. The fces for training courses aro as follows:
= 8ix months, 7.€ 10s.; one, two, three, or four year eourses, 15£ per annum for those taking both geritral
and professianal subjects; fees are returned lo those who enter the service of the | Yepartment of Eguruunn.
3 Every student of the first year must take the following mathematical classes: )
Arithmetic.—There is no set academic work in syithmetlc; one hour per*week-of each term is given to
the method of teaching the subject. Amongst olhers the following toples are diseussed: Brief hisworical
review; reasons for teaching arithnietic present tendencies; resl applied problem movement; nature and
source of problems; use and limitation of objeciive material: place of oral and written work in the various
classes; topical-spiral treatment, variqua-mEthods of teaching sections of anthmeuc, the beginnings of
» bumber work; plan and purpose of meehanical work; teachi g of processes; the primary school curriculum,
Geumetry.— Brief stoncalgketch of the developiment of geometry; Egyptign geometry: Grook geometry; .
the work of Fuclid; the reform movemw the (ou‘hlgg of geometry; the present altitude toward thesub-
Ject; the nature and place of definition, axiom, pdBtulate, proof; experimental and demonstrational geom-
etry; the relation of solid and plane geometry; cofigruence, similarity, and homology of figures and their
appl extension 1o trig ry. .
4 short course In solid geometry. . . .
~ Algebra.—Those topics in elementary algebra which require speclal ireatment in class teaching are dig-
cussed, Including the following: Rolation of algebra to arithmetic; liters! anthmetio, formulae fro. arith-
metie :?’d }ncnsundon;'nouon of a negative; operations involving negatives; the equation; solulion of
problems by means of equations; factors and their pplications; ‘indices, logarithms, calculations, with
use of logarithm tables and slide rule; irrationals, numerical evlustions, usiog tables; ratio, proportion,® .
variation, and thelr application;notion of a function; grapbical Fepresentation of the variations of sfuno-
tion; discussion of roots of equations, maximum and minimum values from graphs. ! N B
Trigonometry.—The purpose of the courseis to investigate those cases of the solution of trisngles which -
. " are uséd Lo obtain heights and distances. 20 o ) ’
. Notion of an angle; {hstruments tn ¢ use for ring angles; sine, cnsine, and tangent of scute
. mﬂux ling slne and tangent tables; solution of nght-anglod trisngles; use of four-figure tables; ‘exten-

..

.
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10 ' TEACHERS OF MATHEMATICS FOR SECONDARY SCHOOLS,

" university - in their first two years have their college scholarships con-
.~tinued, 8o as-to enable them to graduate in arts orscience. The staffs_
* of the high schools are chiefly recruited from students of the Teachers’

‘College who have grhduated at the university in this way. o
A~ In additiog to these courses, a one-year course is provided at tho
college for graduates of the university who have not entered upon the
course of training in the regular way. This class is exclusively pro-
fessional and qualifies for the second-class certificate of -the Départ-
_ment of Education. ‘ - '
Further, special provision:is mado for training of teachers for
secondary schools. Graduate students of the college take the
. courses required for the university diplomas in gducation' or similar
" courses at the colloge itself. Candidates for -this diploma must
- have graduated in arts or scicnce beforevadmission to the course.
The spocial work for tho diploma can bo complsted in one year by
those who aro able to.dovoto their whole time to .it. The require-
ments of the courso aro as follows: :
* Lecture work: S
I. A first course in philosophy of education.
1I. A higher course in education. ’
1II. A course in principles of teaching.
IV. A course in school hygiene.
Practice work:
1. Continuous practice—from 8-10 hours per weck.
I1. Observation apd discussion of lessone—from 24 hours per week.

-

.

Inthe course on principles of teaching, somo instruction in tho
methods of teaching mathematics is given by one of.the lecturers
in mathoiatics; . , T

“®Practice schools for primary and secondary work' are associated
~with- the college. The principal is also professor of edypcation at the

’

sion of def) 'Llons of sine, cosine, and lan’gent to angles betweea 90° and 180°; relations bolyeen sides and
aagles of a thsngle; area of triangle; notion of triangulation and application to simple surveys; heights
. and distances in more than one plane. o \
.~ The mathematical work in the becond ygor is optional. The program for the class includes algebra,
trig Ty, dinal, try, h , infinitesimal calculus, and history and method of elemen-
, tary and

Throughout the academio work the professional aspect is kept prominently in vigw, 0 o

Algebra.—Ratio, priépgrtion,, variation, the progressions (aritbmetic, goometric, harmonic), permula-
tions and combinations, ivathematical induction, binomial theorem. . .

Trip try.—Gonunuation of first-yesr course, including angles of any magnitude, sin (A + B), cos
(A1 B), tan (A+B),sin A+ sin B, cosA +cos B, Relations between sides and angles of & triangle, solution
of triangles, heights and di s, circul , DDe Moivre’s th , simple tri ric series.
"elnfinitesimal calculus.— A course oa the p and applications of the differential and integral caleuius.
Graphical methods are frecly used where advantagcous. The course i3 designed partcularly to complete
the work in g y, mechanics, and tri ry. . %o o o 2

Mechasiics.—~The alm of the course is to teach the fund i hanical princip 8imple courses 3

. experiments iltustrating the follqwing: Composition and resolition of forces; principle ofilevers; pulleys,
inclined plane; friction; motion of falling bodles; circular motiop; principle of Archimedes; hydraulic

4
dary school math

) 3

" préss and pump; atmosphori pressure; easy- prdctical.calculations within this range. -
Regding.—Students do directed reading of mathematicat wo'rka]n the oollege library, as well as in the
followang textbooks: J. W. A. Young, Teaching of Mathematics in the K 'y and the Secondary Sck
. R i

. Wink, Histary of Mathematics, transiated by Béman and Smith.
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" .AUSTRALIA, ‘. , 11

university, and the work of the bollege is carried on in cooperation -

with the university, so far as possible. -
Let us now take note of the university mathematical courses, which -

aro .open ‘to our prospective high-school teadhers in conngction with

his course. There are three classes—mathematics I, II, and III.

Each is divided info three sections—class A, class B, and class C. 4

Candidatesfor the degree of B. A. or B. Sc. with honors attend the °

honors saction (class A) in each yoar, but it is possible4g reach the

" lowest grade of honors by specially good work in the secormd séction

(class B) in the three years. The programs for class A are as follows:

Mathematics I (first year): Algebra, geometry, trigonometry, statics and dynamics, - )
_analytic goometry of two dimensions, and the elements of the calculus. Those who -
enter it are expected to havg previously completed the mathematical work required
for honors in the senior public examination or an squivalent course. The class is ]
attended by studerits in arts; science, and engineering. . 2

Mathematics IT (second year): The infinitesimal calculus, differential equations,
spherieal trigonometry, apalytic statics, dynamics of a particle, and elementary rigid
dynamics. . The class is attended by the best students of Mathemstics I when they A
proceed to their second year. g . 0 ’

Mathematics IT1 (third year): Analytic geometry of three dimensions, rigid dynamics, -
higher analysis, and some applied mathematical gubject, e. g., hydrodynamich, sound,
the theory of electricity and magnetism. ' C

7

- In addition to these courses a two-year course has recently been
instituted in .the mathematics of insurance, chiefly, for actuarial |
students and others who desire .instruction in the mathematics of -
statistics. ’ * Vi - .

Since 1908 the teacher’s promotion depends not ‘only on the .
classification of His school as determined by average attendance,
but also on the improvement of his qualifications. To qualify for a
“higher grade the teacher must pass a series of examinations as well
as show “ the requisite degree of proficiency in practical work.”

»

Salaries paid to igh-school teachérs,

Teacherr. : . S| " Men. . |- Women,

' ‘ VICTORIA. . o . N
o % ° o . <o

. Those preparing to bécome teachers jn' the secondary. schools of
" . Victoria- receive almost all of their instruction’ st the university.

Unger regulations now in force; every teacher in_a secondary school#
‘must possess the university diploma in education or an equivalent - -
qualification. AIP candidates for that diploma must have passed
through ‘at least two years-of some degree course, and'must have s ..,

3 .~

G Ll : : o 9 % 0 °S .
. f ‘ R 2 N
I A il . h ' c e ..
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12 TFACHERS OF MATHEMATICS.FOR SECONDARY SCHOOLS,

<

<

- final year of special -\'v:ork\m cducation, “As ssmatter of fagt many of
y pecial edu 1 ) ]

those working for the diploma‘tatke their B, A3 or B. Sc. degree before -

-entering Uport- the special coursen education for the diploma. -

- Of the various groups of students-entering the Teachers’ College

at Melbourne only those taking the threo yea ;~course.for the sec-

ondary “certificate are of intcrest to us, - T se accepted for ¢his
. class must have passed the senior public exan\ination or an ©equiva-
- lent examinatiory, - The number admitted to the class is limited to 15

each'year. Their course of training is the sime as that for the diploma

of edupatior’xmt the university, with the addition of some special

.subjécets.  The first two years are spent in regular attendance upon

university classes in arts or, science. 1living passed the first and
second years’ examinations in arts and science, .they are then admi ted

. "to the specthl university courses in education for the diploma. - These
courses imgfude lectures on the theory of cducation; with special
reference to the methods of teaching the various subjects. - The
course-in mathematics contains the following:, .

(i) Special methads of téaching arithmetic, algebra, geometry, and ty.g"ngmot_ry,'

(ii) A’short history of clementary mathematics. ' o oNe .

(iii) General considerations on the teaching of mathdmatica,

Students are required further to teach 120 hours under supervision;
to attend lessons given by m(jmhcr.:‘.étho college staff; and also te
criticize lessons.  Part of this prack#® is obtained in the primary

. schools; and part in the specinl secondary practicing school attached
to the Teachers’ College, and in other schools. ‘ . .

There are about 50 to'60 regular students of the college each year
preparing for this diploma, and in addition about the shme namber
of iniversity students aré qualifying for it, ‘in order that they may
be énabled to take up work in.the secondary schools outside the con-

«.trol of the Department of Education.- :
* The authorities of the collegé are entitled to nominate six of those
“ who distinguish themselves in this course for a further year’s work.

At the Unbversity ’;)f Melbourne “courses in puré and applied

mathematics are offered for each of the three years: - .

Pure I. 'Pass—The course is“analytical. [t deals with the. elementary algehraic,
trigonometric, exponential, logarithmic, and hyperbolic-functions, with their graphs
and -derivatives; maxima and mihinta; elementary processes of dntegration; the.

-- analytic geometry of two dimensions, and clementary calculus. °*. -

Applied I.  Pass—Elementary statics and dynamics, with hydrostatics.» Honors—
A fuller treatment of the subjects of the pass class with the eloments of wéctor silgebra.

Pure II. Pass—In this course further work is done in plage analytic geometry
and calculus, Honora—This class continies the.work of I (Jionor;e)',in plane analytic

" definite integhl as the limit of a sum, Ionors—Algebra, trigonometry, elementary

*" geometry and the calculus, and it begina analytic geometry of theee dimenaiqha. '

- Applied II. Pass—Elementary anslytic statics and dynamics, with hydrostatics.
Honors—Analytic statics, dynamies of a particle, elementary rigid dynamics, and- .

hydrostatics. ‘ A <z
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Pure III.  Pass—Solid" geometry and the calculus, with differential equations,
Honors—In addition to the subjects for II (honors): The functions of a complex
2 vm}';‘;hle,.Fouriof's series and integrals, differential equations and calculus of vnrint.i‘ons. Y
Applied 111, Pass—Analytic statics and dynamigs, the elements of the theories

of " potential, hydrodynamics, elasticity, and electricity. Honors—More advanced - -
work in these subjects. ‘ .
- . oL SOUTH AUSTRALIA. .

The fellowing is an outline of the course of training for teachers in
the scools of South Australia under the department of edueation in
Adclaide: Lt , T >

1. At the age of 14 the future teachers enter the Aduinide high °

“school.  They remain there for three years ard receive a general
education. At the end of this period the ‘majority will have passed
the senior public exdmination in'the University of Adeclaide; practi-
cally every student passes in arithmetic and algebra; a large number -
pass also in geometry and in trigonometry. : PO

2. The students in training now becomg “‘junior teachers,” and °
spend one to two years in primary schools, devoting practically all
their time .to thoir teaching work, - . c L ,

. 3. Thereafter thoy enter the Teachers’ Trajning College. Hero .
the students attend univensity classes in various subjects, a certain
amount of freedon of selection beingrpermitted. About 20 per cent
take -up what is called first-yoar pure .nmthomn’ti.cs, an c.lomt‘mtary

*class at about the standard of the higher public examination in
algebra, geometry, and trigonometry. - o g .

Tho students also dttend sevoral training collego lectures, among
these™Mbing a course in the principles of .teaching. This course deals
with the methods of teaching' tho primary school.sybjects; about .
16 out of a total of 80 hours are devoted to arithmetic. Thoy also
spaid one morning per week at actual teaching in the primary schools,

Those who have shown special ability both as students and teachers
are permitted to remain a secomd year, or even a third year, at the
university. These students invariably take up a certain amount of

. . mathematics, usually attending second-year puro mathematics, as
they will in most cases havo already taken the first class. Some lso
take the clementary applied mathematics class. It is not uncommon
for mathematics, physics, and chemistry to form the bulk of their
-work. o i s o 2 .

Such students rave practice as before; also weokly diseussions on
the mothods of teaching. Five of these discussionis out of a total-of

! twenty-five -deal with elementary mathematics. The ‘majority of

" theso students become high-school teachers. - .= . -

The matRematical courses offered in the University of Adelaide are -

‘ very similar to those of the universities of Sydney and Melbourne,

Horace. Lamb and W. H! Bragg were for many years professors in

)

. this university: . o o IR,

. 5 SO P op 0% .
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14 TEACHERS. OF \MATHEMATICS FOR SECONDARY SCHOQLS,

_ o e - QUEENSLAND, ‘ _ .

. Queensland dogs not yet possess any spocial-collego for. the training
of teachers. 1In the “grammar schools” the staff consists principally
of ux;i'éorsity graduates. The high schools also aim at making s
university degree an .8lmost indispensable qualification for their
teachers. - . : ' - ‘
~ The University of -Queensland, which was founded at Brishane in

* 1909 and formally opened in 1911, has an important spheroof influs
ence, and the sume Zeneral schoma-of mnt-homnticnl,i’némwtion as in

-other States of- the Commonwoealth 18 in vogue.
v TASMANIA.

Under the scheme for training.of teachers which is being introduced

ir Tasmaunia candidates pass tho senidr_ public examifation and,

_ “matriculato at the university. The noxt year s spent in teaching
k- in_ selected schools. Thereaftor they onter the training . college at*
' Hobart,the minimum age at entrance being 18 years. They atfend
university classes for two‘or‘thn@o;ycz_us. All roceive professioml

training at iho.i:oﬂo;."o, h N teo : ’

:Mathematical courses at, the university aro similar to these already
described. N ' ' SR

WESTERN AUSTRALIA. !

The organization here heing I its infancy, there is nothing of
_exceptional interest to mcor&: o

The untiversitics of Australin arv staffod by British pmfoﬁésors,-nnd_
* thus tho'mathematical work of the couritry is fashioned in conformity .

" with -mucln\th’o‘smne ideals as those held ift the motherland.

BIBLIOGRAPHY,

H. 8. CARSI.AW, The fearhingj of Mathematics in Australia. Repn'rt presented lo the
International Commission on the Teachinig of Mathemayics. Sydney, Angus &
Robertson, 1914. 79 pp. Co '

In the sbove sketch 1 have many tl}nes quoted verbatim from Prof: i:nmlaq's mest readable report'

J. B. TRIVETT, The Officitl Year-Book of New South Wales for 1915, Sydney,
W. A. Gulick,-1917. - } . '

n

- -

a Edhuuon," PP 213-274.

Rept. of U. 8., Commis: Educ., 1915-16, Vol. 1, Washington, 1916. .
. = “Education in Australia,” pp. 641-850. - o )

.

Two other recent publications coniain considerable information about the univer-
sities: : . ’ . e o
(1) Universities n the Overseas Dominions, Board of Education, Spécial Reports on.
3 Educational Bubjects, vol. 25, London, 1912, pp. 118-171, 196-198, 238-269; - | ,
L. . (2) Congreéss of the Universities of the British -Em pire, 1912, Report of the Proceedings,
" Londbn, 1912; also the Year Book, 1914, : v

~
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Austria is nearly-116,000 square miles in extent,and its population
totals in the vieinity of 29,000,000. Of these, about 10,000,000 are
Germans; nearly 6,500,000 are Bohemians, Moravians, and Slovaks;
.at least 5,000,000  are Poles ; and some 3,500,000 are Ruthenians.
.- .The minister of public instruction is at the head of ‘the Austrian
educational system. e has inspectors of secondary schools in ¢éach !
~of the 14 Provinees of the Empire and certain matters of adminis-

subject-to the same regulations as those of the State.

s _ PR +SECONDARY SCHOOLS. - -- | .
L} - . "
‘Before 1008 there were three gencral types of middle or secondary _
schools: (1) The Gymnasium, () the Reslschule, and (3) the four-
_vear Realgympasium, the courses of study in all of which were based
upon four years of work in the primary schools. The first two of .
* these types are still the most prominent. " The narmal age of the -
pupit commencing secondary education4g about 10 years. oo
+ The complete Gymnasium ‘provides for-a course of eight years’
study, divided in!o two parts of four years cach. T he first part is
referred to as the Untergymnasium; the latter as tho Obérgymnasium.
- The course of study is characterized®by the great emphasis laid on
instruction in Latin, Greek, and German., In passing ffom one class
" to another the pupils undergo very seardhing examination. This is
characteristic of all the Austrian secondary schools. = :
The seven years’scourse of the Réalschule consists of twor cycles of
three and four years cach, corresponding to p°rogmms of the Unter-
* reglschule and Oberredlschule, Here the emphasis is laid on modern -
languages (Latin and Greek are not taught at all), mathematics,
- physics, chemistry, ete.; that is, on those.subjects which are designed
~ "0 impart tp'chniqd{ knewledge and afford suitable training to those
... intending to follow industrial pursuits. - ce
 As a result of a.ministerial. dbereo in 1908, the establishment of
Realgymnasien and Rofonn-reujgym'nnsign, cach with an eight-year .
course, was also authorized But, in whiat follows, ‘the Gymnasium

- . best secondary.schools.- = - . I
$ i _ms-ie thare wery 338 Gymnasion; of various fors, for Loys and 143 I(eu‘schujcn.
.oonme—18—2 . .l 4 15
., N - ' e Y : . '

-

\

:»"angd Realachule! only will be treated as representative of Austria’s. -

tration are assigned to local boards. ‘Church and private schools are 7 -

-
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< oftthe simplest bodies (also gf crystalline forms).  Play and elevation of simploe objects

.

-~ 16 <. TEACTLERS OF MATHEMATICS FOR SECONDARY SCHOOLS.

. e - RS . : A 2 oo
- The number of hours per. week- devoted to class work i tathe.
_ .niatics'(.\_f.),g‘c‘omotrigdmwing, amnd descriptive-geometry (. G, in
" these types of schools, is exhibited in {he. following table: !

-
.

— e et B T T ——et el

! : ’ ° © 5°ron 8 o - ! .
’ J I 1 j‘__ll . 1 3 ' AR i \ll.'_\lll ,;Toul.\
— e e . e s G, — e ‘..__‘.,
S— Moo i s LN 3 2!
Gymnssium.., .. .. .A{“ ”U' 3 . H ‘;] 5 gt fs .
M. E] Al k) 4 R 5 O EX
Realschule. ..o {17 ; ul 3 & apr -3 2, 0"{_, !
| i | :

. ° R . ( -

The total number of hours in these suL)jorts represents about 147 -
per cent of all class periods in the Gyiniasium and about 16.5 per
cent of those in the Realschule.” A A ~ 20 © '

In classes I-VIL of the Gymnasium instruction s given, according
to the program of 1909, in nrithmq&ic, algebry, plane and solid geom-
ctry, plane trigonometry, plane analytic geometry, and elements df
ealeulys,” : . ° o

To give a definite idea of the nature of the conténts of l.lwsg courses

-

a few selections from the program may be made:

Class 17 Eytension and completion of arithmetic and «algebraic studies of the
previous class. - Continued practice in solution of cquations of the first degree arising
“from the manifold spheres of thought inswhich they may be applied.”, Practice in
powera and roots by straightjorward examples.  Solid geome try.—Oblique projections ! +

by observation and common sense. Conceptiong and laws concerning the mutual
relations of straight lines and planes: liniited to the fundamental and typical proposi-
“tions and proofs with constant appeal ‘to observation and intuition, Properties
and calculations for surface and volume of prisms (cylinders), pyramids (cones), the
sphere, and their sectons and  portions when _in  scction. Euler's theorem
(S+F=E+2); regilar polyhedra. Obargymnasium—Class VJ: Trigonometry.—~The
trigonometric ratios, their geometric representation, especially for the purposg of
giving a firm grasp of the $haracteristics and relations of these functions.  Solution pf
triangles. *-Repeated «vmparison of trigonometric propositions and methods with those
of plan&and solid geometry. \aried applications .of trigonometry o problems in*
sarveving, geography, astronomy, etc., the data where possible to be obtained,from
- direct (even though tough) measirements” by the pupil. Class VII: Algebra.—
Arithinetic progressions tof the first order),’ geometric progressions. Applicatton
of the last especially to compound interest. Permutations and combinations in sim-
plest cases. liinotﬁial!heorom‘forpositiveintegmlexponent. Theory of probabilities.
Analytic geometry.—As a continuation of the graphic representation of single functions
previously given, further usk is made of the analytic method in dealing with lines
of the first and second degree with reference, wlien occasion offers, (o the geometric™
Arcatment of the.same figures and their. relations. Representation of direction coefB-
cienta (chiefly those of the cirves dealt with in class) by means of derivatives. Siniple
problems of differentiation in connection with problems in mathematics and physice.
Approximate solution of ‘algebraic equations (and of the simplest’ transcendental
equations which occur) by graphic methods. - In Class VIII the two hours a week are

“a Drawings of solid bodles to show several faces, ete., ot in true’ perspectives, but free-hand o}ﬁmstmcla& :
according to very simple rules. Cf. A. Hofler, Didaktik des mathematischen Unterrichts, p. 207 -

* *Ordinary arithmetic progressions ase said to be of the first order. Series such as By 2t4314 , .,
B+P4+3+...., are called A. IN of higher orders. - 5 .

.
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AUSTRIA. . . 17

. 3

-“given up to,a comprehensive recapitulation of the whole ﬁnge'é[ school mtl;emglica, .

gepicially ‘equations, series, solid geometry, trigonometry, and analytic geometry.,
Hrader and deeper treatment.of particular parts ‘of ‘the subject. Applications to -
the various subjects of the curriculum and (o practical life in place of merely formal
exercises. Retrospective and prospective consideration from historical . and philo-
sophical points cf view. e T

o 0 T \ .
FFor tfto Ronlschglo‘ the workis very similar. There is the same,
effort to correlnte mathematies with other branches of instruction on

_which it happens to bearand with practical applications in.actual life.

Though searching"examinations of “orientation” and * classifica-
tion” have been tho portion of studonts of the Gynunasium and
Realschule cach ytar, the final examinations (Maturitiitspriifungen) -

fewced.!  Some amelioration with respect to tho.oxtent of dotail here -
‘required was made imperative by the decree of 1908, L L

+ The mmain objeet of these eximinutions is to determine whether or
not the maturity, general efficiency, and ovelopment of intelligonce -
onthe part of the candidatetis sufficient to’ allow him to take up
studies in the universities or higher tofhnical schools. .Whilst the .
examinations for. classification” estyblish in somo measure the rating
of a pupil’s acquisition with reference to a certain part of the pro-
gram taught, the * .\(utqriliilspi’ii(xmg,” on therother hand, embryecs
the whole rango of knowltdge acquired by the pupil in tho Gymnasium :
or Realschulo. L S } o

The examination consists of two parts, a vnitg'on' and an oral. .The
former include§ questionson the required langunges, on mathematics,
on excreises in descriptive goometry, and tests in facility with free- -
hand -drawing. The oral’.examination’ i3 ‘on ‘geqgraphy, histony,
mathematics, descriptive goombry, physics, chémistry, and natural -
history. L _ o :

The examinatjon commission pronounces its vordict after.consid-
eration of all the written and oral examinations as -well as of the
grades received by the candidate in tests dyring the Inst-yoar of his
courso. When a candidata fails he may present himself a second
time at the end of a semester or of a ):(\x{r;“ but he .may not rcpeat..
the examination moro:than twice. . = - _ : :

\

. .

\}

UNIVERSITIES AND PREPARATION OF SECONDARY SCHOOL 'PEACHERS.

There are eight State universities in-Austria. The largest is the
University of Vienna (German), with over 10,000 students.? The
oldest, dating back to the fourteenth century, is tle Gorman-Bohew

1 CI. F. Wallentin, Maturitdtsfragen aus der Mathematik. Zum Gedrauche fdr die obersten Klassen der

" Gymngsien und Reslachulen . geatellt. 10. Aufiage. Wien, C. Geroldssohn, 1913, 84107 Pp-
Auftdoungen, . Auflage, 1908. 8+221pp. - . - .- R .

3 In the summer of 191§ this aumber was reduced t:) 3,473

0 % a .
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are' ut Krakow sid Lemberg. - : .

\

<

minn University of Pragzue. - There are thrée othor (German Universi. -
9 o . . 54 ‘ . . S e 2 . (PR
Jties, at Gratz,. Innsbruck, and Czernowitz.  The Polish _uruversmeg

. L o o9 - C v 09 . ' N '
Instructionin the universitios is imparted by means’ of: I, .general

eourses:- 11 s;:(-«*in] coupses; m‘ul'-lll, exertises ¥ proscminary and

seminary, =~ B > & N . .
1. "Bl general courses are ofganized with a _double aim: (1) To

. I’u‘ilislr fandamental theretical knowledge Yo thuse studying mathe-
o maties, in a purely seientific spirit -"nml‘pm{msing'tp {érmiiate their .

siudicswith the, doctorate: (2) to! prepare students destined for

sosecondary-school- teachirs. Expecially in view .of this second ‘i

'S

N

arcathe general courses usually n{gnlniz(‘d.iu eyeles of three or four
years, mid each yéar a’sdurse for beginners is arranged thyt they
Tty he taught differentinl and integrat edeulus as soon as possible,
Siee 1t s m‘l"ssnl'.\“fnr'!hu.s'ﬂl(].\' of theoratical physies. :

Buring the tiye yeam 1905 510 190910 professors at (1) the

Univessity’ of Vienna and 2y tie German seetion 'of the University
-of Prague gave the fMowing generl courses: - w0 ke
R} Differggatinl and integral ealéubus, 5 hours weekly during 2 semes-
ters; theor¥ ofumbers, 5 hours during 2 semesters; theory.of differen-

. “tinbequations, 5 hours durihg 2 semesters: ealenlus of prolmbilities, 3

= hours: definite integrals and ealenlus of varintions, 5 houss diring a°

semester; theory of linear differential equations, 5 hours: clliptie

funetions. 5 hours; theory of functions, & hours dugng 2 se 1 esters;

. algebra, 5 hours during 2 semestors: analytic géometry, 4 hours dur-

" Uing 2 semesters: theory of nvariants with geometric applications, 2

< houms: algebraie curves; =2 hours; curves and surfaces of the third

_order, 2 hours; synthetic geometry, 4 hours during 2 semesters; dif-

feréntinl geomelry, & krmm during 2 semesters: line, geometry, 2

hours: continuous grougk, 2 hours: noneuclidean geonetry, 2 houps;

insuriuee mathematics, 4- 6 hours during 2 semestcrs; mathematied
statisties. 3 hours; Ssickness and accident insurance, % hours,

(2) “Applications of tfinitesimal %aleulus to geometry, 3-4,hours;
theory of invariants, 2 hours: differential and integral caleulus, 4-5
hours.:during 2 semesters: systoms’ of algehraic equations, 1 hour;
differentinl equations; 5 hours; introduction” to caleulus of varia-

' tions, 1 hour: fundamental notions of analysis, 2 bours; analytic
¢ goometry, 3 hours through 3 semesters; elements of the theory of
functions, 3 hours; elements of the theory of numbers, 2 hours; alge-

+ braic_equations;” 4 hours; introduction to descriptive geometty; 2,

- hours; charactbristic featutey of inﬁl_[i,t(‘sinmlﬁkitdculus, 3 hours dur-
~ - ing Z:semesters;“theory of groups and algebraic equations, 2 hours;
~-selected ghapters_of analytic geometry, 2 hours; vector .analysis, 2
»_ln‘mm;.nliﬂ'm,'nt-iﬂ equations, 3-5 hours; contact transformations, 2
“hours; theory of tansformations;” 5 hourss An ‘equally elaborato

“ N 0 ° @ . <. . ) P
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> “these four countries there dre more professoms =of mithematies than,
: ! : S

~e T

Ty o avsmanl T .
- geries of courses is offered in the Bohemian. section of the I'n'i\'émit_v,'
o L oo . \ o BN

-of Prague, S0 . : . L,
Mathemdtical instruction in Austria *is. much handicapped by

I

teason of the fact that the faculties of the universities are so spapsely

.staffed with professors of pure and applied mathematics. 1 1909-10,
exvept’ at Vienna, no university had more than two sucheprofessors
‘and’only four had even one Privatdocent.” 1 Ialy afd Russin the .
nwnher of these_professors per university gxprages nearly’ twice-ns

)

many as in Aus(ria: iy France and Gerniany nearly one and wne- )

half times as many.” Imileed, at each of -a e of universities in

even at the University of Vienna, ] A L ’
In a memorial presentedsin 1905 to {.lw minister of public instrue-

tioh and finance on tclmlf of the: faculties of philosophy in Austriim.

unverkities the folloWing nornal program tmluln‘\llllﬂil"u ‘study at

. L)
" a=univemsity for w candidato as o teacher in-a (rnasium was
outlined: .~ . r , s
. 2 . 3 e © . . g R

Firat yejrl-——lnttmluctiow to mathematical. Analysis and to ?iﬁ_m\nrial exleulus;
eleuents of integral caleulus with exercineg 3 honre wweek  Itnaduction o geome .
try, firnt princi;'»hv of analytic anud ayuthetic reometry, :vi!h exeniss, 3 hours a

-~ week. A course of matf®matics for students of physies and clivhustry, 5 hours &
Teweek, ' . . . 0 o °® a
Secortd ‘year ~-Infegral caleulig and first principles of the thedry of functions of
-complex variables, with exercires, 5 hours w week . Analytic and differential geome.
uy, with exercises, 5 hourr a week, Prinv'gn'u{l propertax of alpebraic equations wnd
eleenta of the theory of numbers. with pxercises, 3 houm a wyek. .

- Third, fourth, and later years, --Higher courss on the themry o differential equations;
the calculug of variations. the theory of functions, the theory of groups of trangforma-
tions, on _thq-principlmpf arkhmetic and of ‘geometry. ot at least 3 hour a weok,
Seminary for mathenfitical uaalygis, 2 houm a week. Seminary for geometry, 2 hours
& week. " Reminsry for the theory of nunibers and higher algebra: 2 hours 8 week

.

*On this scheme the-memorial comments as follows: « .-
S e et

VAN p . 9 . . . l‘
* But it should. be emphasiod that this program indicates only that which s nhao-

- Tately necomary for future professoms in Gymnasien; if one wished 10 obtaift a ihore

extended preparation; which it should be the principal aim of the Hnivemity (o fur
nish, jt wquld be necaseary to augment this program by 1 whale series o_l-nmm‘in,:'
epccial fields of pure mathematics and on different branches of applicd mathenmticd
The program indicated corresponds, then, only to-a minimum. . Now. the execu-
“tion of such a program 1equiree st loust three profeseors, and further, thy number will *$
only suffice if each of ‘two of the three chuim has an ‘arsistant at ita dispieal.  The
exercises corresponding to elementary ('numos, vught to he directed by assistants
under the control of professors.  For, in order that exercises be truly profitable, it ia
. becersary thaf they be individual, as has been the case for a loug time in®higher
technical schoole for all practical brunches and for doscriptive-peoinetry. Thatis to -
wy, it is ot sufficient to work out some examplos on the blagkboard in the class
- room with one or more etudents;’ rather-is it necosary to-laydhefore the studéntsta
seloction of examples from which they' then choore Wtcording to their -peroniad ins ~
clinations some problems to aslve under the guidunée of the professor agd anristant,
Thié personal activity, even ‘to such A minor degree, is particulurly valuable for the

. q . a“ .
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Jphx of every Austrign university, one in each of the following fields: (a) For the

o ,.
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*‘courses giv@n at the University of ‘Krakow were: Mathematics in

"~ At least two of these chairs ought to be held by ‘“‘ordinary” professors provided with

-real variable, 2-3 hours, during 2 semesters; hypergeometric series,

" chapters of theory of functions, 2 hours; analysis situs, 2 hours,
\, theory of groups, 2 hours.

.. .other Austrian universities during the ‘same period. The three

* * *
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future profeesor; for, in his teﬁching;ﬁgznglx_t to diupl}y.certainty and Q]nthﬂ.um‘ .
On the other hand, the proposed reform: 6F the teaching of mathematics In tHe sec- .. |
ondary schools demands a suitable preparation of the professor.. | ) .
¢ Since of course the whole scheme of instruction in a country-depends first of all on
-ingtruction in the university—that is to say, since a good orgunizdtion of university ... {
instruction is of dqpital importance for general instruction—the faculty of philosophy
‘of the +Austrian university. regard it .as urgent to satisfy these exigencics of unj.
versity instruction. ' c ¢ . 0
There ought thénito beat least threg chairs of mathematics in the facuéty of philoso-

theory: of numbers and higher algebra; (b) for mathematical analysis; (c) for geometry,

ggniptanta. . 7 ,

. As this memorial did not-bring about any niaterial change in the
situation, we remark. that in thost Austrian universities the oppor-
tunities for scientific preparation -of the professor f mathematics
in secondary schools are inadequate. ' b

II. Having noted typical genoral courses*which nidy contribute to
t}{is,traiﬁing, let-us next consider the speeial courses. There, were
16 special coufses givert by Privatdocenten in the German divisior} of
‘the University of Prague during the:five-year period r_eferreZto

.

above. At the 'Univemity‘ of Vienna, however, "Privatdocepten
offered “ghe following courses: Mathematical statistics, 3 h urs,
‘during 2 semesters; elliptic functions, 2Vhours, during 2 semesters:
quaternions and other hypercomplex number systems, 2 h‘burs;
_theoretical arithmetic, '3 hours;, differential geometry, 2 hours;
potential theory, 2 hours; Pfaff’s problem,” 2 hours; clomentary
theory of functions, 3 hours; during 2 semesters; functions-of single

2 hours; infinite double series, 2 hows; infinite groups, 2 hours;
theory  of numﬁers, 3 hours; fofindations of geometry, 2 hours,
during 2 semesters;finite discrete groups, 2 houmkeviaw of more
recent Tnathematical works, 2 hours; complex number systems, 2
hours; selected chapters of higher algebra, 3 hours; calculus of
variations, 3 hours, during 2 semesters; theory of integral -trans-
cendental functions, 2 hours; determinants, 1 hour; the principle of
“duality in geometry,” 2 hours; integral equations, 3 hours; selected

during 2 sefnesters; Taylor's series and its analytic extension, 2 hours;
synopsis of -differential calculus with applications, 3 hours ; general

" The number of these courses offered at the University of Vienna is
ixearl;: twice as large as the total of similar eourses dffered at all s

4P<'A>land at the ‘end of the sev nteenth century, 1 hour; Arabian
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mathematig,’ 1 hour; history of mathematics in antiquity and the
Middle Ages, 2.hours. ~ - . '

Special lectures on topics having more direct ‘connection with the A
mathematical work in secondary schools ‘are not numerous. Occp-

. sional courses on selected chapters of elementary mathematics have

been given by Prof. Zindler at Innsbruck. Prof. von Sterneck
claims that the ‘two-hour year comrse on elementary mathematies
which he first offered in 1909-10 and which was organized $o as to be
- given™®Very third year at the University of Gratz, was the only
regular course of this nature in an Austrian university. He tells us °

.« that he expourrded thoroughly the laws governing positive integers;

discussed the introduction of negative integers in the usual way; .
treated rational numbers in a purely abstract manner as number

““paifs; discussed in detail Cantor’s theory of number seéquence. and

the related theory -of irrational numbers, as well as the successive

_ extensions of the idea of-power. In- order to discuss exactly the

cunvergence of infinite serfes, especially the geometric,. the idea of
regular sequerice was also introduced. Rules governing operations
on complex quanfities defined in connection with-pairs of real quan-
tities'were-presented in detail and the connection with the n roots of
unity mentioned. The foundations of geometry were not presented
.with the same completeness us to rigor. There the didactic points
“of view, first recommended by Borel and already employed by
Suppantschitsch in his textbooks on geometry for the secondary
schools, were developed, the questions of the.independence of the
axioms being left entirely to one side. _ . '

Spherical trigonometry is not taught in the Gymnasien. At most
universities the fundamental formul® are derived in the lectures on
analytic geometry of space; for example, at Krakow, Gratz, and
Innsbruck. More extended development occurs ih _seminary exer-
cises; for example, those of Gmeiner, at Innsbruck, and Mertens, at
Vienna; the latter in his proseminary lectures on spherical trigo-

nometry and considers the analogues on the sphere of such results as

Feuerbach’s theorem and Malfatti’s problem. Otherwise, spherical
trigonometry is developed in the lectures on astronomy.- .
Many pemons feel strongly that regular lectures on descriptive
geometry should be given at all Austrian universities,! but so far
such courses have been. established at Gratz and Innsbruck bnly.
. IIL ‘At every Austrian university, in addiion to the lectures,
Lthere are mathematical'seminary exercises which allow of a certain
amount of individual activity on the part of thestudent as opposed
to the compulsory receptive attitude in the lecture room. ‘Each
“ordinary” professor is supposedﬁtfb;conduct a section of such -

101, E. Mller, “Anvepungen tur Ausgostaltung des darstellend-geométrischef Untorrichts an fecks.
M 'y id :I q: l' 9 gmd °

nischen Hochschulen und Universititen.” Jareshericht-der deuiach
19, 1910, pp. 19-24. - n 5
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. seminary exercises. These exercises are for both begihnqrs and
advanced students. S i
The section for begitiners is réferred to at the universities of Vienha,

Prague (Bohemian), and Czernowitz as proseminary. The number of
~ hours per week devoted to all seminar exercises yaries from 2 at-
. Gratz and Innsbruck to 4 (2 hours proseminary) at Czernowitz in the
.- winter semester and 4 at Krakow; of the 3 hours a week at Vienng,

one hour is for the proseminary. ‘ :

Active parti{*ipation of members of the seminary in itg exergises is
- not generally compulsory. An exeeption to this is in the séction of

the seminary conducted at Gratz- by Prof. v. Pantscher, who

requires three students each semester to work on some topics, usually
quite independent of subjects of lectures during that semester, for
presentation before fellow students. This gives the students in the
seminary opportunity to learn, with the aid of the professors’ criti-
cisms, how su¢h matters should be treated, before the preparation
of the required “‘Hausarbeit” in counection with the examination
for secondary school teachers (Lehramtspriifung). Examples of
themes of such . required papers are as follows: Explanation of the
“convergence of an additive- aggregate of infinitely many rational

numbers; examination of the connection between m functions of n

variableg (Dini); the projective generation of space curves of the

third order; discussion of double integrals. .

In most cases the exercises are oral, Those for the proseminary
have, majnly, direct connection with the current lectures. In the
seminary the topics are chosen sometimes on the initiative of the

,students and sometimes on the recommendation of the professor. As
- & general thing it has been found that about pne-half of those who
.regularly attend seminary oxercises participate in its discussions.

The_value of such participation is generally recognized, and Prof. v.

Dantscher has proposed that .it should be required, during two

semesters at least, for all candidates as teachers in_secondary schools,

just as exercises in experimental physics are required. :

Ezaminations.—The present decreos regarding the proparation

- of secondary school teachers were promulgated in 1911. These re-
quire that candidates shall pass two examinatjons: (1) A preliminary
examination on philesophy andpedagogy; (2) the Lehramtsprtfung.

While rmore or less preparation for these examinations is provided at

the universities, the examinations are not conducted by the . univer-
. sities, but by State examination commissions whose members- are,
- however, mostly university professors. ) :

- (1) In the preliminary examination the candidate must show that
-, he Has'acquired: the knowledge of philosophy and pedagogy ‘essential
- for every teacher. ' This knowledge should .émbrace .the main ideas
n’nd_princ?ple’s of the theory of education and ingtruction and their
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thearetical foundations in psychology and logic, as well ‘as general
survey notions of the principal periods of the h’xsu\ry of higher
education since the sixteenth con tury. X

The candidate is not admitted to this examination 'B{eforo the end
of the fifth semester. In preparation for it he is recommended to
take a four-hour course of lectures in pedagogy, a four-hour course in
philosophy (especially psychology), and, when possible, courses in
school hygiene and in the ‘methodology of his special wubjects. o
is also strongly recommended to také part in seminary exercises in =
pedagogy and in his special subjects. . _ R
The examination is vonducted by the professors in philosophy and
pedagogy unde-the guidance of the director of the examination
commission, or of his deputy, and’ lasts about*half an hour. The
commission gives the candidate a certificate as to the results of the *

. examination., If a candidate is. not admitted to the examination

.groups which involve mathematics are:

on account of inadequate preparation, he is not allowed to present
himself for examination again until another semester has elapsed. ’
A certifieate that he ﬁms pnﬁ%ﬁw\ preliminary examination ‘must
he presented to the commission With the application for admission
to the Leliramtsprifung. ‘ . o

(2) The time required, as student -in a university, in preparation
for the Lehramtsprifung is about three_and one-half or four years,

~ and'the examination is the same whether the candidate is later to be - *

a teacher in the Gymnasium or in the Realschule: _ A
The examination is on subjeets grouped’in a certain way. Those
. (a) Mathematics and physics as majors.
~(b) \Descriptivé geometry and mathematics as majors. .
{(¢) Natural history as major, mathematics and physies as minors.
(&) Natural history as major, mathematics and geometrical draw-
ing as minors. : . : ' _
" (e) Philosophy and mathematics as majors and physics as minor.
(/) Chemistry as major with’mathematics and' physics as minors -
For mgthematics as major the official requirements are: Knowledge of

_ “general arithmetic,” of the foundation of higher algobra a}_gd theory -

of numbers and their significance f()r_olcmm;ta'ry mathematics; gle-
mentary geometry, synthetic and analytic geometry, of the .plane .
and of space; f‘oun(\]atiovg of descriptive geomotry;, differential and

- integral calculus and its applications to geometry, the elements of

the calculus of variations; f amiliarity with tho foundations of modern

- theory of fun¢tions; and. acqixaiutf,yncd:with the principal rQs_ults ’of."
-the inyestigations concerning the foundations of mathematics, - =~

" For matheinatics as minor: Knowledgé of -clementary’ arithmetic,-

: insight into. the structure of the field of real numbers’ and into oper-
8ti%hs with them; knowledge of elementary geometry to the extent . -

-~ o o .
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of what is taught in secondary schools, and exercises in space percep-
tions; accuracy and speed in the solution of simple examples applying
the idéa of a function and the elements of differential and integral
calculus to functions coming up in secondary school work. '
For (a) descriptive geometry and (b) geometrical drawing: (a)
Thorough ‘grounding if orthogonal, oblique, and central methods of
projection.including axonometry, knowledge of. rélief perspective; of
" the most important map projections, especially of stereographic pro-
jection and of cyclography. Familiarity with the constructions
" relating to curved lines (especially curves of the second order, space
curves of the third and fourth order and helices) and curved surfaces
(chiefly surfaces of the second order, surfaces of revolu tions, helicoidal,
ruled and envelope surfaces, particularly in_lighting-constructions).
Acquaintance with some applications of descriptive .geometry (as

construétion of surigiials, roof trusses, sections of stone (stercotomy)).
Knowlédge of projective and infinitesimal geomotry in so far as

- these subjects are necessary in the applications of descriptive geom-
" etry. Exactness and facility in constructive drawing. - .
(&) Elementsof descriptive geometry to-the extent of the program
of Realschulen. Axonometric representations. Elements of shad-
ows and linear perspective; the.geometrical construction of, and by
means of, polygons and the most important plane curves,.cspecially
" the' conic sections. Exactness and facility in constructive drawing.
- Each examination comprises three purts: The Hausarbeiten (theses),
the written examinations, and the oral eaaminations. o
_To prepare each of the theses the candidute has three months.
Thgge theses need: not necessarily show eapacity for discovery on the
part of the candidute, but they must indicate thorough' familinrity
with the literaturo and gontent gf the subjects. In connection with
. & vory large subject u general presentation of the outstanding results
may‘be permissible.  Again, certain illustrations of a theory may be |
worked out. The character of the topics is shown by the following
selection of themes of theses in recent years. (None of these sub-
jocts were discussed in tho- lectures nt eniversities whére they were

. assigned.) o 1
(a) For major: :- o . .
The theory of Fourier's series. . -

- Thesispperimetric problem. . .
Systematic presentation of the proofs of the fundamental theorem of algebra.
" Qn Abel's equation. . : . e
~. ’l_‘hgta( functions and their applications in the theory of surfacs of the fourth
- Va .

order. - . . 50 ..
I e g , Historical presentation of the progress in the theory of algebraic equations (in
‘A its léading features). S - o
) ( | Triply orthogonal pystems of surfaces.- . ~2 o @
- Transcendental numbers, especially+ and . :

Jacobi's functional determinants andggheir most important applica&ibha.' :
Method of de'rivaﬁqn of large prime n¥gpbers. .

o
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(a) For major—Continued. A ,’
The series for tanz and secz.and the most impd¥tant eoperties of their

- coefficients. . .
The significance of  in the calculus of probabilities and theory of errors.
Focal properties of surfaces of the second degree. ] .
Algebraic treatment of the 27 lines on a surface of the third order. -
Reye's complex. »  ° ) ' : ' ' . )
Rational space curves of the fourth order.
. dz

_ Study of the reprosentgtion by w= f )‘V(z?-a)—(z——m' .

(b) For minor: ~ . " :
Solution 6f equations of the third and fourth degree.

~ Properties of the nine-point circle. ' ~

Theorems of Pascal and Brianchon and their proof in the case of the c'ircle.,.
The _general term of the Lamé series and the propesition with regard to the *
greatest common divisor of two expressions.! g
Elementary geometric ‘l)roatment of the problem of tdngcncies of Apollonius, . °
A presentation of pages C4-G of Girard's Invention nouvelle en l’nIgé‘re (1629)
. in.modern mathematical phrascology and notation. _ ®
The determination of the 15 Archiedcan solids in terms of the radius of the
circumscribed sphere. K 5. , o0&
.~ Weierstrass's theory of irrationalFnumbers. 4
*. The theorems of F"ermat and Wilson. ; 4 '
In connection with the written and oral oxaminations, questions®
are usually asked on tho theory of symmetric functions, tho algebraic
solution Bf oquations of the first to the fourth degreos, and béttor
candidates may also bo questioned on’ the clements of the thoory of .
groups and on tho proof of the impossibility of tho algebraic solution .
of equations of dogres higher than the fourth. Questions on the
calculus of variations.are_usually omitted. In general, clarity =of
percoption and cortainty in handling fundamental theorems are
valued more.than the extont of minute knowlodge. ©
" In the written examinationihero is ulso’opportunity to ihdicn’t{e
. ability to apply theoretic knowledge to practical problems. Further,
the examinations pay special attention to the subjects of the fu-,
dents* university lecturps and seminary exercises. The *wriften
examination for a.mpjor lasts eight hours, two sossions of four hours
on the'same’day; Tor & minor four.lours are allowed. g
In 1908-1910, 241 persons passed the professorship examination,
with mathematics and physics as majors; 89 ht Vienda, 80 at Prague;. .
ﬁ& Czernowitz, etc., only 1. C »

Comparativelyfew stqdo}rt.s in Austria proceed to the docterate in
mathomatics—less than 50 in the last 45 yoars, Half of these were
“at Vienna, L. ' .
* - In the examinations of ‘candidates with math®mnatics as a'i'ninor—_—- .
that is, of those who may expect to bocome tdhchers in the lower .

© e

" UThis title refers to G', Lamé's-* Note sur 1a limite du nombre des divisions dans ia recherche dy plus .
grand commun diviseur .entre doux nombres entivrs”, Comptes Rendus, 1844, tome 19, pp. Ri7-870, * *

- The series of nimbers 1, 1,2, 3,5, 8, 13,34, . . . » Which here comes up, Is the recurring series often
culled the Fibonacc! Series, . - S 3 o 9 ¢4 - :
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7 - an'den technischen Hochschulen. (1. M. U. K., Heft 9.) - Wien, Holder, 1911,

. §L 608 also L' Enseignement Mathimatigus, tome 10, 1008, pp. 516-522; tome 12, 1910, pp. 326-341; tome

—— ; : |
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: . , .
- mathematical classes of the middle ‘schools—the ground covered ig
ususlly that of the Maturititsprifung. .Some ‘examiners also.
".demand spherical trigonometry and such things 8s the solution bf
an oqyation of the third degroe or'lay special emphasis on the dovél-_
opment of the power of space percoption. : ,

It is felt very strongly by some Austrian educators that the lowar
standard for teachers in the Untorgymnasien and Unterrealschulen
is decidedly dotrimental to the best intorests of these-institutions, ’

After a candidate for a.professorship in a secondary school has

. passad thg professorship examinationy he has yot to undergo a *‘trial

year” before he can bo assignod to a post. At least this is tue in
“theory; in practice the necd for teachers has been so great that most
of them have not had adequate professional preparation., Of over
200 candidates approved by. the Vienna examination commission and
~ ‘supposed to be having a “trial yoar” in 1908-9, only one actually | 1
completed the work of the year. _ ' T
This triak year is passed in a Mittelschulseminar, whick is- most .
succossful when it is directly connected with a Gymnasium-or Real- '+
schule. ,On ontoring tho Seminar the student is placed under a *
. certain professor who has chargoe of his development during the trial
" year. In the first few weoks the candidate vidits classes which® his - o
professor teaches, and ndtes the mothods employed and the p{,}f.
sonality of the pupils. The candidate next gives instTuction with
‘the aid or under the diroction, of the professor. * At the beginning of
the second semester’ the ¢andidate instrycts without aid for at least
- a month. Furthermors, all tandidates have weokly’conferences with
tho guiding professor and, tho director of the Sominar with referonce
"to various questions regarding instructjon, -school discipline, peda-
gogy, school hygiong, and notable publications4n. podagogic literature.
" Aftor 8’years of sorvice professors in secondary schools afo entitled
to a small pension in case of need. *The rate of pension gradually in-
‘creases until after 30 years of service it amounts to full salary.

.
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Syllabus of Mallaemahca Jor the Austrian Gwnnacmu. (Educational Pamph) -ts, No.22.)
London, Board of Educatign, Eyre and ontuswoode, 1910, 10 pp. -

E. CZUBER, *Der mathematische Unterricht an den technischen IIodu 5u{m

. (I. M. U. K., Heft 5.) Wien, Holder, 1910, 6439 pp.

R v STERNECK, Der mathematische Untergicht an den Unu-ersudlm (I.M. U. KX
Heft 7.) Wien, Holder, 1911, 6450 pp.

T. KONRATH, Der mathematische Unterricht an den Btldungsamlallm jar Lchrcr
und Lehrerinnen. (I. M. U. K., Heft 2.) Wien, lloldor, 1910, 27 pp. .

J. \LOOS Die_praktische Vorbildung /xlr dag kohere Lehramd in Oalm'etdl (L. M. ‘UK,
l'lcft 4.) Wien, Holder, 1910, 21 pp.

A. HOFLER, Die neueslen Einrichtungen in Osterreich fiir die Vorbildung der Mittel
schullehrer in Mathematik, Philosophie und Pidagogik. (I. M. U. K., Heft’ 12)
Wien, Hélder, 1912, 103 pp.

* Enzyklopddisches Handbuch der Erzichungstunde uater Mitu: lrlcung ron Gelekrten und
Schulminnern ... herarsgegeben von J. Loos. , 2 Binde. Wien und Leipzig,
A. Piclers \\'nwe, 1906-08. .
Artlclos: Probejahr,” ** Hospitieren,” and * Pixlagogische Seminaro,” |
W. FRIES, Die wissenschaftliche und praktische Vorbildung fiir das hohcrc Lehramt.

2. umgearbeitete Auflage. Minchen, Beck, 1910, 64216 pp.
& Band I, Abteilung 1 von Haadbuch dfr Eh(ehurm- und Unterrichtsiehre fir Mhmnsdula
.hersusgegeben von A. Baumeister.
E.MARTINAK, ““Zur pidagogischen Vorbildung fitr das Lehramtam Mxtwlschuien o
Zeitschnift fur die osterreichischen Gymnasien, 1904, 11. Heft. T
A. STITZ, “Die Ausbildung der Mltwlschullchmmt.skandlduwn """ Mittelschule,

2 1910, 4. Heft.




IIT. BELGIUM.

. The area’of Belgiim is loss than that of the States of Maryland
and Delaware together, but the population is somowhatgreater than -
that of the Dominion of Canada. N

‘Education is controlled b7 tho minister of sciences and arts, who
has undor him two goneral (tirectors, one for primary and onv for
socondary and higher education. For secondary education the
lejnistry also has an inspector genoral, nominated by .the King,
anil two ordinary.'inspoctors, one for the humanities, the 9ther. for
mathematics and science. Authority Js_exorcised over schools by
the ministry in effoctive manner through control of the Governmont,
appropriations, appointment of teachors, regulation of programs, and

prescription of textbooks. . J ~
i * .
SECONDARY SCHOOLS..

In Bolgium the better socondary schools proper may bo roughly
divided into two, classes, those supported by tho ‘Gevornment and -
those: maintained by the communos. Tho former are of two kinds:
(@) the Athénées Royauz (royal athonaoums, called also higher
middle schools); and (5) the Lower Middls Schools or Middle Schools,
The communal secondary schools (colléges communau¥) are mostly
contrelled by. the church or religious orders. In 1912 they included
15 colldges, which ranked about as high as the athénées.

. (a) The athénéos royaux, 20 in number, age subject to official con-
trol undor the direction of the King. In accordance. with a decree «
of 1888 the courses in the athénées wore arranged in threo puarallel
divisions:” (1) The humanités grecques-latines, with sevon yoars of
‘Latin’ and five years of Greok; (2) the humanités latines, with -
soven yéars of Latin, no Greok, and a vory -extensive course in
mathematics; (3) the huwmanités modernes, where modern languages
~ servé as the basis for teaching during the seven yoars, The threo
higher classes of tho lumanités modernes comprise two sections, the
scientific section and the commercial soction.! The classes during
the seven yoars of eachi of the divisions are numbered VII-I. Pupils
entering VII are about 12 yoars of age ? and have had the equivalent
. of 6 years of training in the primary schools, ' :

0

" . !Note that the scheme is somewhast simflar to that of the French lyctes, In QGermany these different <

typesofinstructionare given in different schools: the G y fure, the Realgy ium. and the: Realschul
! The minimum age of admission o the athéndes is 11 years, and an entrance examination must be
o : o ’
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The mathematical subjects taught in the athénées are arithmetic, »
. algebra, plane and solid geometry, plane and spherical trigonometry, *
plane_and analytic gooméyry, descriptive geometry, and surveying.”

Number of hours ;;rr weck devoted to mathematics and its applications in the differeny

divisions, A
4 ~ - oo
= 5 D R : |
L3 N {vw yi v 1Y [ m I T (Total
Greek-lotin humanities'.... ...... 3 3 3| .3 3 3 3 21 -
lLatin humanities V............... 3 3. -4 74 6 [} 8 M .
humanities:
(a) Scientific section.............. 3 "3 (] 4 [ 6 8 3
(5Y Commercial section 3 .3 4 4 3 v 3 zl. 2
N s

' The coutses I ancient h ities bifurcate st the bepinning of the third year, V.,

I, tho first two years. the mathematics is the same for all, and the
programs for the Latin humanities and the scientific section of the
modorn humanities are identical. The commaercial section differs

. from the scientific sectien in_Classes III-I only. In Class III of the - A

scientific section the following subjects are taught: :
In a:ihmetic: General theory of divisibifity of numbers, highest common divisor,

leagt «»mmon multiple, theory of prime. numbers, ‘Fermat’s Theorem, conversion |, 4

of ordinary fractions into decimal fractions and reciprocally, numerical approxi-

mations, weights and measures, operations on complex number3, cube root. In

al jebra: Discussion of the general equation of the first degree in one and two un-

kunwns, complete discussion of the general equation of the second degree, properties

of trinomials of the second degree, questions of maxima and minitna, progressions,

logarithms, use of tables, compound interest, and annuities. In geometry: Regular

palygous, measure of the circle, determination of x, problems, notions on the theory

of tansversals. In plane trigonometry: Fundamental formule, identities, construc- .

tion, and usage of trigonometrie tables, solution of triangles.. Surveying and lcveling. .

In Class T of the Latint humanities two. of the eight.hours & week
are devoted to a thorough review of algebra, geometry, and trigo-
nometry, with new applications of thé theories. In tlse remaining
six-hours some of the topics taken up are:

Determinants of the second, third, and higher orders; elementary perertiea, appli-
cation to the solution of a system of n equations of the first degree; in spherical trigo-
nometry: Solution of triangles, spherical excess, radii of inscribed and circumseribed
circles of a triangle, distance Between two points on the carth's surface, volime of
the parallelepjped and tetrahedron in terms of the edges and angles; in analytic geom-
ery: Principal properties of points, lines, conics, conics as sections of a cone, inter-
section and similitudé of two eonics; ;l} descriptive geometry: lriltrpductory notions. L

It may be added that the instruction in thé athénée is maintained *
at.a vefy high standard and carried out in such way as to -arouse -
keen competition for honors and prizes.” . These are' distributed as

~the outcome of three examinations each year for each class, the -
third being called” the Concours général. -A sample paper .in ‘the '
Concotirs général of 1910 for Class I in Latin humanities and scientific

.

.
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.. approximately’ to what is t.a}gvr;'u;) in (‘hc first four -ycars at the ,

30 TEACHERS OF MATHEMATICS FOR SECONDARY SCHOOLS.. I

section will give a further indication of the ﬁx‘tlnenlul»ical standards
of the athénée: : : .

12 Analytic geometry.*—Given a rhombua ABCD whose diagonals AC, BD, are,
respectively. equal to 2a and ?b;and intorsect in (). (@) Form the general e quation
of the conice § whose conjugate dinmeters have the directions of the sides B4, BC,
and which meet the diagonal A¢ in two points £ and F such that, OEXOF=-¢,
Show that the conics .S pass through four fixed points"and construct these” pointa
() Find the locus of the poles of A€ with respect to the conics 8. Find also the.
locus of the points of contact of the'tangents drawn ta the same conics, parallel to

- AC. (2) Consider, in cach of the'conies 8, the axes of symmetry /, the polar p of the

" vertex I, and the perpendicular d dropped from D on p. . Find the locus of the points
of section of d with I and construct this locus. 1. Descriptive gcometry. —Uidven o
line ¢, and the horizontal line a eutting the fronta] line b in the point 4. (a) Find on
the line ¢ the point 8, equally distant from the sides of the acute angle formed bya
and & (b) From.S drop the perpendicular 8D, 8B on a and b, respectively. (¢)
Construct the quadrangular pyramid $-ABCD, which is found by “cutting with' the
plane (a, b) the solid angle whose foyir edges are 8.4, 8B, ¢, 8§D, (d) Givea repre
sentation of this pyramid. applying the conventions with respect to the parts of the
dmwing of projections of parts seen and hidden.. 111 Demonsteily that the sy

- dihedrals of a tetrahedron satisfy the relation, ' B

—1 7 cos(ab)  cos (aw)  cos (ady 4
f cod (ba) -1 “cos (be) o con (bd) I.:"“
cos (¢a) " coe (cb) -1 cos (cd) ‘ e
. cos (da) . cas (db) cor (de) - =1 1

v . ‘ ’ ‘ .
where the fouy faces are denotéd by a, b,'c, d, and (pg) denotes the dihedral angle
formed by the faces called p and q. 3

If the trihedgal angle formed by the faces a, b, o is trirectangulag, show that the

“

;uc’(ad') +cos(bd) +cos*(cd)=1.

The student who completes any one of the eoufses of instruction
in an athénée and passes the final 6xniminntim’1.;ccéives; a diplome de
sortie,' which admits him to thi goal of his ambition, a university,
It will admit him'to any faculty. Only in the.special schools must
an applicant for admission, whether he has a dipléme ar not, be
examined on the program of the Latin or sgientific sections.

(0) Thé State lower middle -sehools, of whic,h there are about 90
for boys,? “*were created by the Government to meet the necds of
thé “higher artisan and commerecial clisses.”  Entering pupils for
these schools and for the athénées have the same preparation, The
courses of study are-arranged so as to occupy thrée yers: s The
obligatary courses are: French, “Flemish, history, geography, arith-
metic, algebra, geometry, zoology, botany, physics, chemistry, com-
merce, drawing, and‘gymnastics. ~ As to mathematics, it corresponds

-

1 For solution of thiess questions, see Matheaia, 1911, vol. 31, pp. 35-38, 01, 6. 24 :
® Mr. Roso seems Lo be incorrect in stating (p. 351) that thereare only about 50 of these séhools. (( States
men’s Year-Book, 1917, andsReports of the U. 8..Commissioner of Education, 1913-14, etc, .
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athénéoa -~ Pupils who have completed the course of .a lower middle
school are admitted.to IV of an athénée without exammuuon or to
I1I after successfully passm&, an examination. - o 5 "

THE UNIVERSI'I‘IES

There are no lnghor normnj schoals in Belgium, and except in’
very rare instances a candidate for 8 profossm\]up in an uthénée
must have feceived <he degree of doctor from . umvorsnty

There are}onr universitics—two belonging (o the State, at Ghent"
and Liege; the free umvomty at Brussels; and the largest of all, the
Roman Catholic university at Louvain? Each of these uniy ersities -
has certain special schools or institwtes connecfed with it. Per-
haps the most famous -6f them is the technical school attached to
the University of Licge. In each of the univorsities there ure four
faculties—philosephy, law, medicine, and sciences. It is in connec-
‘tion with tho last-named faculty that the future professors of mathe-
matics and profossors of natural science are formpd On entering
- the faculty of science as studeptd these candidates are Fequired to

present a dipléme de sortie from ah athénée or a collége, or cse to’
© o pass cqurvnlent (\\nmmntlons cither (1) before the faculty or (2) - .
bhefore ‘a jury (‘ompowd of professors of secondary teaching and
appointed by the minister of sciences and arts.  The students are
+ usually graduates from the scientific section of an athénée.s

In:nddition to pure mathematics the future professor is required . .
to study general physics and mathematicdl*physics, rational me-
_¢hanics, chemlstry, and cryst. nllography The program also includes -

a course in psychology, logic, and moral philosophy, .as well as. in
the history of mathematics. 5 o

Didactic preparation takes place at the same timo as scientific =~ '
preparatiop, eacli university possesimg a special chair of mathe-
matical methodology,

The scientific preparation extends over four years. During the
lirst two years the student prepares to secure the certificato as candi-
date in physical sciences and mathematics. For three ycars the courses
are the same for, all the students- of mathomatxcs in the fourth year
each takes up, according to his tastes, of other of these groups:
&nalysns (including djﬂ'erentml geometry ? hlgher geometry, astron-
omy and ‘geodesy, rationfl mechanics and celestial mechanics,
physics: The thesis for the doctorate is on-a question related to tho '

group chosen.s

T e e e matical texts used inthe mmﬁm loer midl schoot
. are given on pages 234-235 of the report of the suboomimission. S .
. 3The buildings of this. university were completely destroyed by the G » Aug. 26, 1914. " .
$ To meritorious and needy students the State awards, on the haais of o, rg, annual whohnhlp
amounting t6 400 francs. - Thess schol pe may be received each year ofthe course. hmumcnny
one’such scholarship for the section o( thumuu in ewh unlvmuy

101179°—18—=8
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,.* Rocherches relatives qux counexes de )'espace” (1901) and "ftudo de quelques surfaces algébriquea

32 'ln‘?ufzas OF (MATHEMATICS FOR  SECONDARY SCHOOLS;
. Thg aterials ok the program, which are about the same for all
universities, have hhn arranged in the following manner- by Mr,
Rose: e o ' ,

(a) PURE MATHEMATICS, . . ¥ .
© L Analfre— First year.~Differential and integral caleulus, “Three hours a
wdk' Limits; aggrogatce; derivatives and ﬂmen‘nlials; Taylor's and
Maclaurin's theorems; ox plicit and implicit functions; change of variahle:
maximdm amd mi'nimum" serics; goometric apMcations of differential cal.
culug to curves and to surfacos; integrals —processea of integration; various
types of integrale; arcas, surfacos, volumes.
o Seeond year.—Definite integrals, differentiation and integmtion; Fulerian
" integrals; differential oquations; integrablo ty pes: simultancous differential
oquations; partial differentiaf equations of the tirst ander; total difference
equations; caleulus of differoncos and calculus of variations. Three hours
a woek. . . 4 :

Third yea?.—Theory of & complex variable; synectie functions: study f
workaof Abe], Cauchy, Rismann, Weierstram and their disciples. Theory
of elliptic functions (alter Legondre), dhrechours a week., « -

Fovth year.—Six hours a week, and more for studeuta working for their _
doctorate in analysis.- Searching study of a topic in the theory of fune.
tions.  Ellipticifunctions according to Jacobi and Weierstmss, Rercanh
in diﬂemnlihl'g@umélry based upon the work of Darhouy ! and 1anchi -

The masterly work of M..de Ia Vallée-Poussin® gives o good
iden of the subjects covered iy the first two years, =~

2. Analytic Geometry— First year. - Three hours a wecek. Rovision of analyviic

" geometry of two dimengiona and study of analytic geometry of three (.

menaions. Pnriicuiur,.htudy of homogenecus, la‘tynlinl. triangular, and
tetrahedral coordinates. - Generation of ‘surfaces. Surfaces of the s -
. * . degroe.” Forsuch work the notable treatise by Servais of the Univenit v of
Ghent may be consulted. .

Second year. Three hours a week. FProjectigé geometry: Study of formea,
involition, homography, homology, conelation, duality, polarity, proptr ¢
tice and generation of conicn, pencils, mets, generation of quadrice,
properties.  The texts of F. Folie,¢ F. k. G. Deruyts, and uf Servais®
illustrate the requirementa: ' - : ;

For the pupils who apecialize in geometry during their thind apd fpurth
years, the professor takes up either the theory of plane and cubic curvesand
of cubic snrfaces, or the theory of forme in higher goometry. The number

-~ of hoursper woek dependson the professor. The works of F. Folie, . 1. 6.
Derliyts, M. Stuyvaert, Fairon,* and L. Godeaux may be mentioned.

1e

Y Q. Darboux: 1. Lecons sur la théorie générale des surfaces. ¢ parties. Paris, Gauthier Villars. 1:9a [T I
1914, 74618 pp. 2:20&!.,10!6,34»579;&9. 3:180¢,8+ 312 pp. 4:1898, 84 548 pp. , 11. Legonssur tes systemes

Aogonaus et les coordonnézs curtilignes, e 6d. - Paris, Gauttier Villars. 1910, 34567 pp. R

* L. Bianchi, Lezioni di geomerria differenziate. 3 vols. . I'isa, 8poerri, 1902- 1900 (2d edition ! volumes 1-2).
Becond German edition by M. Lukat. Leipug. Tegbner, 1910, 18+72 pp. . ) .

$C. ). de la Vallée-Poussin, Coxrs d'analyse infinitésimate. 2 tomes. Louvatn, Dieudonné, 1:3e &d.
W14: 2:20 6. 10127 0445249+ 484 pp, . O L . .

4F.J. P. Folle, Eliments d'une fhlorie des. faiscoous. Brusiljes, Hayes, 1878, 110 pp.  Glometric
ouplricure cartesienne, Bruxelles, Hayer, 1872, S - °
. 8C. Bervais: 1. Sur les imagi en-gé s,
Oolira de plomitrie anglytigue.” 2¢44, Gand, 190, T 3

9], Fairon, Sur les Involutions du guarrisme ovdre, Bruxefles, Hayes, ‘1900, 68 pp.—M. Stuyvaert,

PPlication aus cubiquer gauches. Gand, (804, 2

sagendrées par Jes courbes du deuxidme ou du trowsidme ordre” (1902).—P. Deruyts, Mémoiry sur Ia
théorle de I'involution et de homoqpphh nnlcumlg"' o), . - Ca
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() TURE MAHMIEMATICS-~Continued. . = o o
.3 .1Ig¢bm—1’bomugh.sl!| # of determinants. Goneral theory of equations; ]
resolution®and - micth ‘approximation to' the roota, study of imagina- ,
rics. Two hours a week in the-first yesr. Texta: Algebia by J. Neuberg
’ © urby P. Mansion, _ : .
4. Calculus of Probabilities—Third year. Ono hour & week. Principles and
- " problems;.-various gpecice of probabilitics. ,Bernoulli's theorem; theory of
© play; law of large numbers; thedry of least squarce; application to annui-
= tics and life Insurgpce” Toxt by Boudin.! oy a \‘,
by APPLIED MATREMATICS. . o
' 5. Astronomy—Second year. ~Physical aatronomy. 'l‘ht{ehomgn week. Study
of 'i'he‘ayalom of the world, syatems of coordinates, motions, sun, moon,
plancta, stam, comets. ~Applications of spherical trigonometry, elements
of goodesy: Text: Astrongmy (Collection 14auté) by Stroobant.?
-, Thirl year. Threa houph a weok. Mathematical aatronomy, application
of analynis o astronomyfrefraction, eclipacs, calculation of orbita. !
’ " In the fourth year the students-make a thorough study)ﬂ some-branch
‘of matheinatical astronomy. : 2 ¢ ot
6. Desériptive Geometry— First year. Four hours a week.  Review of tho prin-
. . ciples of the point, the line. and the plane. Study of trihedral angles,of -
S S and of surfaces, surfaces of the sccond deffbe and ruled surfaces,’
~  iotersections, glométrie cotép. Treatisce: By Chomé,* Breithof,* de Locht,

.

. Van Rymsglbenghe, and Chargis. , . )

7. 7\'::h'pnul Mechanica—First year. One hour a weele.  Vector grometry and

statics: Forces, equilibrium, virtual velocitics, funicular curves, machince.

H\ Secohd year. One hour o week. Kinematics: Velocity and accelers-

tion, finite motion, instantaneous mation, continuous mo i6n. -

" Third year. Dynarhice. Three hours a week. Study of the motion of
freo point, of a point oh a surface or on.a.curve. Relative rirotion.
D’Alembert’s principle and the general eqnations of dynamics (Lagrange
and Iamilton). Motions of.a system. Rigid systems. Percumions. At- °
traction of ellipeoids. Meclanics of fluids; hydrodynamics. Text: The
remarkable work by Massau.* ) I A

<Students who continue the study of mechanice during the fourth year
take up equativns of mechilnics and the principal theories of celestial
mechanics. ‘ B -

8. Mathematic-1 Physics— Third year, " Three hours a week. Study of tho prin~

cipal the -ics of optics, of, magnetism, I‘nd of electricity.

’

.

(¢} 9. HISTORY (. MATHEMATICS/ . ~——
~ Third year. Two hours a week. Mathematics in antiquity among the
Ao Egyptians, Assyrians, Chaldéans, Greeks, and ‘Romans. Muhematicg of
’ tho Hindvk and Arabs. -Middle ages. ' .

Fourth year. Two hours a week. Renaissance, modem'timm; contem-
porary history, detail®y stady of each of the branches: Aritimetic, alge- -
. : bra, gesmetry, analysis, mochanics, physics, . . :

——p— >
! K. J. Roudin, Lecons sur le calewd des probabilisés. 'The first edition was published anonymously in
autograph form in 1865; 3¢ 4d, (same as second). Gand, De Witte, 1889,  Autographie, i28 Pp.
*P. 8troobant, Préeis d* ie prétigue. Paris, Masson, 1903. 188+16 pp. : .
+ F. Chom¢; ). Cours de plomeétrie descriptive. 3¢ 6dition entidrement revue, carrigée et augmentéds. 3
vois. Bruxélles, 1808-100¢. 2. Eiéments de glometrie descriptive. Bn;xhﬂ%m% 1890. 134150 pp.
N , 1870,

¢N. Breitho!, Coxrs de pbumetrie descripiive: sutfacea, courbes. 2 v
. *]. Massau, ‘Cours de mécanique. ' 2 vols. 'Gand, Meyer Van Loo, 1803-1804. (Autographié.) 98+ - '
R4NVpp:  Legons de mécanique rationnelle,2 tomes, Gand, L'sssociation des Ingéaieurs sortis'des écoles .
 spéciajes, 1011-1913. " 1542504 174 M3 pp. - t : . i

.
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84 TEACHERS OF MATHEMATICS FQR SECONDARY ‘SCHOOLS, ‘

() HISTORY OF MATHEMATICS— Continued. . .

10. Elnnmtg-y Mathematics. - @ .
©.In thes course. on methodology (three hours a week, fourth year) the
principles atN-foundations of such matters are considered. Review of the
principal theories studied in the athénée with a view % practical lessons.
Notions of higher arithmetic, of various kinds of goometry, of tmnscen-
. dental numbérs. Text: ‘Methodology, by Dauge.! . . "
. (d) OTHER COURSES. .
11. General Physics—First year. « Four hours a weck. Study of the principal *
. " theories of experimental physics. *Treatises: By Schoentjes and Ilgon.
~ 12. Chemistry~—Secondyear. Four hoursa week. Genoral organic and inorganic.
T Treatises:’ By Swarts, A. F. Spring, P. Honry, Cliavanne.
. 18. Psychology, Logic, and Moral Philosophy—Sccond year. Three hours g weck.

The principal theorios especially of logic. > o :

14. Crystallography—Second year. Three hours a week. .. Systems, propertics,
representation. Types and properties of minerals. Treatises: By E. A.
Stober, G. Cesiro, Ledoyx. - .

Students in a university havo to pass annual examinations on each
- of the subjects of study during the year * before being admitted to
-the work of the following year. - Having satisfactorily completéd the

first two years of work they receive diplomas as candidats. .

The tests at the end of the fourth year include: (1) The presenta-
tion and public defenso of a thésis; and, for'those who are to become
toachors, (2)- the public delivery of two lessons, one on mathomatics,
the other on experimental physics. The subjects of these lessons aro -
given in advance by the jury and aro chosen from tho program of
the ‘athénées. D All tests having been successfully passed, tho candli-
‘dato bocomes a doctor of physical scionces and mathematics: .

~ The examinations occur each year in July and in October, and
there are several grades of diplomas: With success, with distinction,

with great distinction, and with greatost distinction. .

 PROFESSIONAL PREPARATION.

It is noteworthy that tho program for tho doctorate includes the
elements of the history of mathematics and a courso on methodology
of the teaching of mathematics and of physics. This latter course
deals equally with subjects taught in the athénée and with the meth-
ods ‘of mathematics in gendral. Tho -course lasts one or two years
(third -and fourth) and averages about threo hours a weok. The
lessons’ are conducted by a university professor who has gonorally '
. been a teacher in the secondary schools in his earlier carcor. . They
. have a bearing on the methods of teaching cach of the partsiof the
program of the athénée, and thé professor usually expounds each

.of these subjects through. the medium of -the students thomselves,
_ aided by his counsel and advice. Each student gives before his fel-

AR Diuge, Conrede méthodologie mathématigue. 3¢ o) ddljlon. Gand, Hoste, 1800 104525 pp. ,
", The pass markis 50 per comt, ' . N }

o

ERIC

Aruitex: provided by Eric



BELGIOM. - - gp
. lows practical lessons in mathematics and physics. These are after-
ards passed under critical review by professor and students. :
:2;:3 students are required to take a gourse in psychology, peda-
gy-is not taught at all systematically. - :
It is with such scientific and: professional preparation that the
future teacher in the better secondary schools enters upon his duties. .

w
. go

-7~ TEACHERS IN SECONDARY SCHOOLS.

In the athénées the teaching staff consists of an inspector of -
studies (préfet des études), professors, and masters (surveillants).
The head of a lower middle school is called a rector. - The inspectors,
rectors, and professors are nominated by the King, and must each

ave sccured the doctor’s degree at a university. The masters, who
are'chosen from candidates, are appointed by the minister of sciences
and arts. . . _ . o N

In general the nowly made déctor entors first cither (1) as professor
in a freo school, (établissement libre) or communal college; or (2) as o
toemporary or permanent surveillant; or (3) as substitute professor
' an athénée. After some years have passed in one or’ another of . .

* these capacities, ho may be promoted to a chair in an athénée; but in
many cases the doctor must proceed to this goal by way of the posi-
tion as surveillant. - ' .

. The mathematical chairs vary in attractiveness, according to the
divisions: (A) Greek-Latin, (B) Latin, (C)-(D) modern _'Bum&nitig’s,
with which they are connected. In establishments of secondary
importance (averaging ‘about 200 pupils) there are ordinarily three
professors of mathematics, one for division (A) in VII and VI, the _
coursé being the same for the divisions (A) and (B); a second for .
the modern humanities VII, VI, V, &nd IV, and for (B) V and IV -
finally & third for division (C): III, 11, 1 scientific~and division B): ,
IIL, II, I.  There is only one corresponding professor in each athéyée;: &
he is tho professeur de mathématiques supérieures. So, also, there is
always only one professor in division (A). On the other hand, the’
number of professors in the division of médern humanitjes ma§ be-
two or three and sometimes four, according to the number of pupils
- (400 to 700). : & .

But in any case as there are only 20 athénées, a smaller num-
ber of similar ranking colldges communaux, the nber of mathe-

© " matica! chairs is relatively limited. - ‘ 2 S

~ The number.of teaching hours per week varies from 18 to'21, .

according to the divisions. % . c T ey
“ The salary is composed-of two parts: (1) A variable part,. from
the' minerval,' which accries from equal distribution- among ‘the
professors * of fees paid by ‘the pupils; and (2) a fixed part. - - ‘
+This term Is applled t the fee paid by the pupilsYor scholastic tnstruction, . -
*memono’lduw,.h,z;,gymnquu.wd ml_ulqtu S o 909
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If the minérva' part does not amount to at least 700 francs

" -a-year, the State makes up the deficiency. In larger athénées this
part of the salary may range from 900 francs ‘to 2,000 francs, Or even
more. . *

As to the fixed part of- the salary, the initial amount is 2,600
francs. By periodic increments it may reach 5,500 francs in the
followmg manner*"" : :

, Francs. #° Francs.

Ihiti ary, 2,600 | After 15 years, 4,100

After' Qyears, 2, After.19 years, 4.500

After 6¥enrs, 3, After 23 years, 5,000 , .
After 9 , 3,500 | After 27 years, 5,500 -
After 12 years, 3,800

"Surveillants commence with a salary of 2,200 francs; but have an °
increase of 200 francs every three years; the years passed as sur-
veillant or as substitute teachier count in ﬁ\unv the salary of the .
teacher, who finally.becomes a professor.

" In the colldges communaux the initial salary varies from 1,800 to
2,400 fra‘hcs, the increases vary according to the schools, and the

_ minerval is not distributed among the profwsors “Thg, years spent
" -in & colldge communal are always counted'toward promotxon when .
_. a-professor is calle to an athénée.

At ‘the head of eagh athénée is a préfet ‘des études who does not
teach and who has been hosen from among the professors, at least
40 years of age, in another establishment. Apart. from the variable
minerval the salary of a préfet ranges from a minimum of 4,400 francs

., to a maximum of 5 ,900. francs; he has also free residence, heat, and
light. ' ' '
* The chairs at athé es of large cities are most sought after, because
of the higher ‘minerval and the attractions which large centers offer.
" As;a general thing professors. of imathematics start in- division (A)
or in division (D), and Wome years pass to division (C) if they
' have acquired distinctio y theirprofessional . nptltude and their
_ publications. There is no definite rule concerning advancement,
though the rule of seniority is ordmu.nly respected. '
. Fvery professor. 80 years of age is retired with a pension. This
-pension may be obtained when he is 55 years old if he has taught for
" 30 years, or if he has had to glve up work on account of disability.
- The basis of calculating the pension is_the average salary, minerval
. included, for the last five Yyears of service. The pension is 1/55 of
this amount for gvery year of semoe, including the four years of
study. Thus a professor beginning with any. title fn secondary-school
. 'work at the age of 24, and pensioned at. 60 ) years; counts first 36 years
. of service, then the 4 yeare_at the university. - He has then the right
o 40/55 of bis average ) 88y (40/55) (5500 +1700) = (40/55) X
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' .6,’.;00, if he has taught in a school of ordiﬁary i;npqrtaﬂée. 'The.“.'

pension must not exceed 7,500 francs. A - - :

As & rule-Belgian' professors of mathematics in secondary schools
do not: find time for scientific reséarch. Those who. do promote’
science by their publications may aspire to univerSity chairs. Such .
has been the line of advancement of Prof§. Weuberg and Fairon to the
University of Liege, of Profs. Schoentjes, Servais, ana'Stu'yvaert to
the University of Ghent, and of Profs. Donder ‘and Mathy to the
University of Brussels, - . :

To ste régents or teachers for the State lower, middlo schools,

the Government has instituted two normal schools at Nivelles and
Ghent.  Admission is gained (1) by .examination, (2) after study
in a primary normal school, or (3 after having completed the III or IT
in an athénée. The course of studies lasts three years. The students
who prepare themselves for the scientific examination! specialize in
mathematical studies in the second and third: years. The program .
of such studies strongly resembles that of the scientific divisions of

the athénée, except that the study of “spherical trigonometry is

replaced by that of mechanics. Pedagogy and methodology are .

sTANgd in thorough fashion; during their whole course the future
régents are required to give practical lessons to pupils of the * école-
d'application” connected with th§ normal school, and the final
examination calls for two lessons—one in science and one in mathe--
watics. The candidate who has passed all necessary examinations '
is qualificd to become a professeur agrégé de Venseignement moyen
dl degré inferieur or régent de I'école moyenne. Owing to their exces-
sive number, only about one-half of such graduates eventually find
a-place in a State or communal school, They start ordinarily as
infituleurs in a primary section connééted with the lower ‘middle
school, and after a term of years are appointed as professors. of lower
middle schools. The salary of a régent varies from 2,100 francs to
about 4,000 francs. Rectors get from 500 to 800 francs more* The
régent is required tg teach-about 25 hours a week.- _ .
The professors in the-normal schools are selected from mong:
(1) Doctors .who have completed their university studies; (2) the
» best of the régents. N L '

! There are three types of courses organized to develop teachers for different groups of studies in the lower

middle schools,

v oo
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tothe 18, 1916, pp. 335-352, _ :

This Interesting article was written in May, 1916, by an exiled téacher frﬁ the Athénde

_ Charlerol. ' . - .

. #8ur l'en's'eigne&nt des mathématiques en Belgique,” L’Enséignement Maths.
© eniltique, fome'N3, 1910, pp. 20-36, . ;
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A}thougl Denmark is Jess than/16,000 square miles in extent, it -
has a population of close upon 3,000,000 people. Their educational
system, which has always been closely associated with the Lutheran
Church, ranks high. $ At present church control is‘merély nominal,
although “both the bishops and clergy sorve, as members. of 'school
committees ox officio, and aid in the,selection of teachers and in the
administration of, the schools.” But apagt from this the schools
are under civil control. _ _ T

The minister of ccclesiastical affairs and public instruction is at
the head of the whole educational system, including the university. -
In each of tho. 18 counties of Denmark ho delegates certain dutjes.
{o the school council or skolergad; and to cach of 60 districts is given
control, within certain limits, of such, things as tho appoifttment of °
teachers, arrangement of courses of. study, and selection of texts.

g The system of Ianish clementary and’ secondary schools was'
. vewly organized by gaactments of 1903, which did not come into
coyiplete operation until 1910. As one result much greater coordi-
nation between the branches-of education wgs brought about. It~
now possible to find a” connected courpe loaﬁing from the primary
schools to the wniversity. Secondary: educu‘!,ioni proper begins in
the Mellemskolo or middle school, which thé pupil may enter at the

- ago of 11. years. The regular course lasts four yoars.!. Those who
satisfactorily completo this course may pass on’to the Gymnadium.
Hero, as iny-Swieden, the pupil must elect to follow one of three
paralleLlines of study which he will pursue during the three years of
the course. These l;nes are; Matheinatics-science, with neithor Lat-
in nor Greek; modern languages, with Latin, but no Greok; ancient
lunguages. When ho completes the work in any one of these sec- '
tions the -pupil, who is then about 18 years of ‘age, presents’ him-
self for thé “studernt's examination.” A certificato that he has
passed this examination is sufficient, to admit the student to the
university; indeed; the ufiversity grants to overy such student a
“lettor of academte citizenship.” - ' o, -

In the mathomatics-science section - of the Gymnasium mathe-
maties is taught for six periods a week during each of the three years,” i

\

1 Anextra year Is-ndded for those who wish to prepard for the Renloi'nAmon,‘ which is actepted ad anen. .,
" trance stundard for middle professional schools., R : D e g ; .
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The topics taken. up are as follows:

In Arithmetic and dlgebra: General equati‘oh of second degree; maxima and minima;
infinitely great and ibfinitely Mmall quantities; symmetric equations; equations of
“higher degree in two unknowns (it is showp by examples.in connection with the
lution of such equations that roots may be lost while extraneousroots are introduced);

" as compared with two periods a week each year in.the other sections,

* eéory of exponénts; calculation with irrational quantities; theory and practice of )

logarithms; arithmetic, geometric and harmonic series; permutations and combjpa-

. tions; binomial theorem with positive index: interest and annuities; complex numbers;

prime numbers; proof that a number can be-broken.up into prime factors in only one
way; algebraic. equations; the expression of the coefficients in_terms of the roots;
the cyclotomic equation. . :

In Plane Geometry~ Proof of the theorem of proportionality of the sides of two similar
triangles; general proof of the theorem on the area of a right triangle; general theory
of similitude with applications to simple construction problems; regular pglygons;
‘division of circle into 4, 6, 10, and 15 parts and calculation ol corresponding chords;
length of the circumference of a circle and its arcs; area of ‘a circle and of circular
sectors; the trigonometric functions of acute and obtuge angles withesimple applica-
tions te solution of triangles; application of rectangylar coondinates to graphic repre-

- sentation of simple functions (e. g., az, az?, ar?+bx+c, a:2) for special values of the

coefficiepts; various loci involving proportion; hannonic~rgnges and pencils; qfpTica.
tions to construction problems. : . 3

" In Trigonometry: Trigonometric functions of any angles; formule for the functions
of the sum, or the difference of two anglc)as, and for functions of double and half of an
angle; limit of “:,z for .2 0; eolution of simple trigonometric equations; logarithms

and solution of triangles. - 2 % 2 \ -
" . In Solid Geometry: Principal propositions on lines and planes; convex polyhedral
angles; the rectangular trihedrak and the determination of a point in space by rect-
" angular coordinates; polyhedra with proof that there are not ‘more than five species
of reguflar convex polyhedra and that the tetrahedfn, cube. and octahedron exist;
cylinder and cone; the fundamental splierical formqiw_nnd_their application to the
right spherical triangle; congruence, symmetry, and similitude; area of .curved sur-

. faces, such as of the cylindeér, of revolution, cone of revolufion, sphere; volumes of

prisms, pyramids, truncated pyramids, cones, spheres, and sections of spheres; proof
that plane sections of a cone of revolution may be ellipses, hyperbolas, or parabolas,
In the instruction especial emphasis is laid on the development of space perception,

In Analytic Geometry: Determination of points and curves by rectangular and polar

coordinates; the most important formula for the equations of the stfaight line and
- circle; parabola, ellipse, hypérbola; tangents, normals, asymptotes, diameters.
: P ( D G

*. In addition to these courses one of the followi;lg, AorB,is given:

A. Arithmetic and Algebra: Determinants with applications to linear equations;
éontinued fractions with applications to caleulation of irrational square roots and (o
the solution of indeterminate linear equations. Analyti Geornetry: ‘Discussion of the
‘genkral equation of the second degree in two variables. Solid Geometry: Icosahedron
“and dodecahedron; representation of a simple polyhedron by orthogonal projection
on two planes at right angles; plane sections.of these bodies. 0 o ¢
B. Infinitesimal Caleulus:. Infinitesimals; continuous and discontinuous functions;

. derivatives of 2% (n rational), of trigonometric functions, of sums, products, and quo-
" ‘tertgsof a function of a function; Rolle’s theorem; maxima pnd minima; Taylor's
“series for integral functions; definite and indefinite integrals; integration by parto;'
: bimple applications to geometry and 07 physical problems. = L

-~ J
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MATHEMATICS AT THE UNIVERSITY.

-

- The umversxty courso for the scientific tmlmng of the teacher in
tho socondary schapls ends with the ‘*Skoleembedsexamen (teachers’
examination). According to regulations of 1906, ». When a candidate
proso@imself for this examination with either mathematics (or

physi a major, he must also present as minors astronomy with
applick@hathematics, and chemistry with phys:cs (or mathematics).
The examination consists of two parts. In the second part the
examination is on the major only. Before taking this, indeed at
the ond of the first year, the candndate must pass a university ex-
amination, calfdd the “‘Filosofikum,” in logic, elements of the history
of phllosophy. and psychology. A

- In the first part of the examination the mathemaucal subjects
aro: Analytic geometry of the‘p]ane and of space; algebra; differential

+ and intogral caleulus, including the theory of infinite sefes; differ-

ential equations with a single mdependent variable; total and linear

partial differential equations in three variables; application of
analysis to geometry; statics, kinetics, and hydrostatlca, advanced

- portions. of gymnasml miathematics from a higher point of view.
For astronomy, in connection with applied mathematics are required:

< Theory of interpolation; facility in numerical calculauon, especially
in the use of tables and ephemendes, as well as in the numenuxl
solution of equations.. .

For the second part of the examination’ wnth mathematics as
major, candidates must be prepared to answer questions in the
following: Function theory and elementary number theory; methods
of descriptive geometry; projettive. geometry in ‘synthetic and
analytic presentation; more thorough ‘treatment of kinematics and

* kinetics; special study of some part of mathématlcs, .the history
of mathametncs (in connection’ with which the candidats must
make himself familiar with Euclid’s Elements and "Descartes’s Ge--

- ometry),! and either with the complete development™of g smgle
branch’ of mathematics or wnth the whole field of mathematics in a
given period. o
" Both parts of the exammat‘xons are oral and wntten the oral are *
public; the written examination of the first part last,s four hours
‘and the special problem of the second part ten hours. The ‘can-
didates who have: passed the Filosofikum and Skoleembedsexamen
are called candtdatz phdpaophm and candidati mgw!em, respec-
tively. .

. 'The degree of doct.or of phllosophy may be. won by any candldatus_
-magisterii who has received the highest grade and who has prepared

1To overy mathematician familiag, with Qreek mathematics or with the history of mthemuea‘ho "
names of Helberg Zouthen, professors at the University of Copenhagen, are well known. Thelr
,Influence s deubt.lul vable in thm nnulml requirements.
' . \ 2 - . .-
s .
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h ..a-satisfo:ctory thesis which has been printed. ~ Since the dogree of
doctor gives the jus docendi, the _thesis may bo regarded as a Habili-
tationsschrift.© Within the Past 100 yours less than two scoro of
‘these doctors havo been created. 5 ° P

THE TEACHER IN THE SECONDARY SCHOOL,

Since 1908 everyone who has been appointed as teacher in a com-
" pléte Stafe secondary school is a candidsius magisterii and-has had *-
two ycars of professional training, - The first year has beef nop- .-
mally spent at the Pedagogic Seminar established in 1906 and
maintained by the State. Before entering upon the work of this
» seminary each candidate must, as a rule, hold ‘a degree from the
university. During the first semester ho reveives theoretical instrye-
" "tion which includes: THe history and principles of, educatidn and
methods of teaching; a's udy of the development and present organi-
zation of Danish education; school hygiene, including the physio ogy
. and- hygieno- of .adolescence. Professors of university rank are-in
charge of -the’ instruction. The.oxamipations coverilg the wogk of
the course afe both wrftten and oral, During the secoid semestor-
*the candidate is occupied in practical work under the direction of
the inspector of capdidates for teaching positions in gymnasia, , He
~ is given special training in the teaching of his two gpecial subjects.,
" At first he listens ‘only, then instructs in the presence of the teacher
or the school director or the inspector, The day's work closes with
. critieal “discussion. * The candidate’s work of the semester ends
‘with -a preliminary oxamination which consists of two hours of -
teaching in his major subject and one in his minor, in the presence °
of his adviser, the headmaster of the'school, and the State inspector
-of complete secondary schools. After a further year of activity as
assistant er regular teacher in a State or private secondary school the
. candidato must take his final examination. , s
¢  This form of training may bo omitted ““if a candidato has worked
at least two yoars at a school and has his skill in toaching sestod
by an ezamenskommission, consisting of three oxperts appointed by
.the ministry for that purpose.” This last method is followad by
" most candidates for positions in the socondary schools. The private
schools in Degmark, as in Norway, have beon tho training groun!
for the teachers in the public' s¢hools, * . D
The salaries aro fow, i, goneral, even for Denmark. The maximum .
salaries rango from 2,400 krone (8646) for assistant toachers to 5,000
‘krone ($1,346) for principals, but a residence is also provided for the

- principal. -

 Thig sketch may be appropriately concludod by a sample of the

examination-problems in the skoleembedsexamen:
oL e ' R LA .

. »
9,
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" mtisly tho condition A+-6B=10,

"m is 2 ‘positive integor.

DEN MARK, . -, . 48
L ’ -
- . FIRSTY{PART.
.’ € (4bours.) ‘o ' oy,

Give a presentation of the theory of pole and polars for the circle Riyt=rt
Determine the geometric locus of the pole of the tangents to an ellipse with respect -
W a circle whose middlg point is a focug of the ellipso, Y n 0

1. (4 hours.) ! . ° .

(1) Bve that the two infinite scries

) ! n=x n= 2 ‘
A=y -1 s 1
- ) 3’ OF 7 5.

n=) " (n41) n .

,\

(2) Given that x»=0 and a=0, and F(x)=x?+4ar—(x+a), ((x)=x’+nx+a;.
Prove that F(x) is divisible by f(x) or (f(x))* according as n=6m-1 or n=6m+1I;

(3) Léet f(z) be a rational integral function of z,leta and b bo constants and a=0.
Prove that the differential equation } .

At Foidyary - -

has one and only one particular integral wRich is arational integral function of z; and ¢
give 8 mothod for determining this particular integral, ) -

-~ . {il. (4 hours.)

(1) On the arc of a curve is a fixed point O and any point M. The le‘ng'tb of arcs
OM =3 can assume the values from —a to +a, and the radius of curvaturoin M isgiven
by p=va'—~s’, With rectangular coordinaté system havirg ongin at O and z—axis
coincident with the tangent to the cyrve at O, find the coordinates of M ox pressed in
terms’of the angle between the z—nxis and the tangont at'M. C
(2) Determine the coordinates of the conter of gravity of the arc of tho catenary :
(regarded as o matorial homogenieous line), s g )

- . -
. . I K .

y=32‘-(*e~7+c *), '

which ‘extonda from the intersection with the y—axis to a point with the abscisea z.

- Show that the centor of gravity has the same.abscissa as the intersection of the tangents

af’the ends of the arc, and an ordinate which is half of the ordinate of the point of
intersoction of the normals gt'the end points of the are. ~ . - . )
¢ ‘ " SECOND PapT.
1. (4 hours.) . o . .
dius of convorgence r>0, the region of
convergence of the series f(x)=>a, (x2+x)" is determined. Seek the nature of con-
vergence of this series and show that the sum of the series for r>} sutisfieg the con- | )

(1) 1f the power series Ya,x® has the rad

. dition f(—x e 1)=f(x), and ascertain the series derived from the identity (14-2x)%=
“(14+4(x?4x))* in the above form, 20 & K

(2) The point (1, 1, 1) in trilincar coordinates is projected’ from the three dngular -
pointsa, b, and ¢ of the fundamental trisngleon the opposite sides to thd points P,
g.and r. A conic, K, is tangent to ac in ¢ and ab in r and cuts Pr'again in uand P9

“inv. A second conic K, is tangent to ba in r and be in p and cuts ¢r again in.y, pq"-'."

in z; z ia the point of intersection of the lines uv and Y2. What is the geometric locus
of zif K, and K,varyin such a way that v and 3 are harmonicully conjugate’to p
and g, - . c .




o

ERIC

Aruitex: provided by Eric

. — .
* . /1= s .
44  TEACHERS OF MATHEMATICS FOR SECONDARY GCHOOLS. .

’ | ’ , i ¢ hours) '

" (1) Given'that | x | » 1, and that the positive iﬁtégep n incroases without limit -

- Determine the limita of

_the indeterminate oquation

such examinations.

amligREoy - o s
] . An"n log ] l) «
and o O - . ’ \
' S p=n-1 :
Bn“",;' E] log l'\—i.’x cos ':-'47;’), L i
and writertho last as a definite integral. " g . =
(2) Determine the radius of convergence of the power-scrics .
* e xo A ‘- &S
. L 14 T ",'+g~n')‘
! ) n=1 n

and discuss the behavior of the serics on the periphery of the cirelg of convergence,
If for special_ values of » some of the binomial coeflicients in the above series are zero,
the corresponding members of the series are ‘to be left out. ]

(3) Show that r=3 y=11 are thie only positivointegral values of r and y whichsatidy .

1414 x4 x4 ximys, -
i, (4 hol;s.)

L
ot

A rectangular coordinate system (X, Y, Z) in space is turned with an angular
velocity w about the Z-—axia which is vertical. A straight, material, homogeneous
rod, whose thickness is neglected, of length 21 and mass M, is so placed that its end
points a and b move without friction along the X —axis and the ¥'— axis. At a éer
tain instant a is at the origin and has the velocity 2lw in the direction of the X - axis,
while b has & positive Y- coordinate. Determine the angular velocity of the rodin’
ita relative motion with respect to the system(.X, Y, Z) at a given instant; a1so doter-
mine the relative, as woll as thé absolute motion of the end and of thé middle point
of the rod. 11 theé system (X, Y, Z) haa turned through 45° and is suddenly stopped,
the rod will move further, since a and b slide without friction on Ythe X —axis and the
Y-axis. Determine the angular velocity of the rod immediately after the impulse.

Iv. Course problem (10 bours.) .

Discuss figured hu‘mbeh, especially polyén;l numbers and their nppli\cation
the representation of other numbers. : : -

Heegaard éim a list of works used by candidates in preparing for
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) . Boarg of Education, Special Reports, 1907, vol. 17, pp: 66-136. .
M. HEGLAND, The Danish People's High School, including a general Account of the
= "Educational System of Denmark.. (Buresu of. Education, Bulletin, 1915, No.

" 46.) Washington, 1915, 182 pp. . ) T ’ oy

" After an elementary ldwol course of elght years, there follows a four-year ou:munuatloti schodl

. proparing for the two-year course In the “ people’s high school.” This schoo] Is not properl, classed *
with secondary schools. Thnnomn;molwpﬂsmudng_uhm.- . ’
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It has been well remarked that—
few nations show the influence of so many different forces in their educational history ‘

asmay be recognized in that of England'—the church, the state. economic gonditions,
private enterprise sphilanthropic endeavor, educational theorics—all have cbntributed.
wme tradition to what is gradually developing into a well-defined aystem.
By det of 1899 & central Board of Education was created. . This

~consists of a president ard various State representatives, the chan-
cellor of the exchoquer,and the secrotary of the treasury. The act also
provided for a committes of 18 members (15 men and 3 woman) to act
(in an advjsory capacity to the bonkd. The: rumber of membeys in
this committee was increased to 21 in 1907, ’ e

" The board is divided into four departments:” ¢1) Elementary edu-
cation; (2) higher education;! (3) technical education ;,(4) university
edutation. ' ’ o

SECONDARY SCHOOI}S.

The secretary of “higher education” has 3 assistant secretaries
and 13 regular district ingpectors under him; there are also 27 part-
time inspectors. : ) o
<A secondary school as defined by the board, is a school which—

offers to each of its pupils a progressive course of instruction (with the requisite organi-
zation. curricubum, teaching staff, and equipment) in the subjects necessary to a good
general education, upon lines suitable for pupils of an age-range at | i
from 12 to 17. . This definition,” which applies hoth to those schools
grant 2 and to those which, though not in recgipt of éraﬂt, are plac

* their list of efficient schools,® determjnes the minimum requiremgdisu

¥, the board on
pon which the

* A\ 2 > . o LY
" 1 The term * hlu}r education’” as employed here Klm to the work of t he secondary schopls and ofthoss ~
schools, such as evening schools, which give instruction higher/* than ““elementary,” L%Ous,pqﬂ&-

% To secondary schools that meet certain specified conditons (including the provision for free instruction
of & certain number of pupils coming from the el ¥ schoels),” | grants are paid, as follows:
Far each pupil between 10 and 12 years of age, and who, for two years immpd?wly beforeentering the
sccundary school, had atlendod a public elementary school, £3. For each pupif12
An additional grant of £] for each pupil 13 tb 18 years of age in a school which satisfles.thé following

conditions: (1) Provides for ths preliminary education of el tary school teachers as b orhas s
pupil-teacher center {orm!u an {ntegral part of the school; (2) has offercd not less than 25 per cent oﬂno,\

Eduestion, edited by Monroe.) ~ - .

£M1 . .

? 0d July 81, 1913, there waére 1,008 schools on the board of education list of “efficlent " secondary schools -

for boys and girls. At these schools there were, in 1913, 179,088 pu plls (boys, ab6ut 54 per ocent). Crthis

total more thaii one-fourth were on the fres basis. g . ’
N . i

3 i T R

‘ V. ENGLAND.. \

board must insist. . o

Edtrs grants are made on the basi of ceriainotbsr consideratioyy. (A, T. Bmiih, In Cyclopdie of. *
m?—uom\o Araats o secondary sehool aad for the tratning of seondary schiool teacbars smounted to

t0 18 years of age, £8. . &
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- - for which England is noted. Apart from their mastery of professional problems, -

46 TEACHERS Hr 'MAmmmmcs FOR SECONDARY SCHOOLS, l

- Those cardinal subjects twhich must be taught irrevery such schoo):
aro: English languago and literature, at least one language other than
. English, geography, history, mathematics, science, agd drawing, - Al
“efficiont” s :hools must be open for inspection by the_board at alf
Whilo the “list” has a positive value as guarinteemyg that the
sschools included in it have been found-by_the bourd to be eflicient,
o conclusions should he deawn from (he absence of the name of any
particular school.  There are many schools of high, indeed of the
lighest, efficiency which hiive not applied Tor inspection, and which
' therefore not included in the “list.”" _Sych, for example, n’n-,'tlu-
following nine “great public schools,” kl:mn throughout the world
83 the schools pytronized by rich and noble families, and all founded
“ well over 300 year<igo: Winchester (founded in 1384), Kton (14300,
,'“‘stn)kmtor'(l;}(i()\. Rughy (1567, Harrow (1571, Charterhouse
'Qﬁ)l), Shrewshury (1551), which are boarding schools: and the day
schools, St. Paul's School (1509) arid Merchant Taylors’ Sehool (1561, )
The authority of the board of education has steadily increased
" since its creation in 1809. This uﬁthnrit.y, however, bears no resom.
blance to that eentralized in the French ministry of public instruction.’

It rests upon the voluntary assent of <vivie ot institutional authorities desirous
of sharing in the treasnry grants dr of promoting Jnity of aim and economy of
resources through a national awacy. Al Government mensures are closely sernti-

= mized by loca! uathorities intolerant of any etcfoachments -upon their rights. and

aro subjects of keen analysia and critivism hy the numerous educational asvociations

these associations exercise great influence cither by their political afliliations, or by |
their effective organizatiom of paepular opinion..

The educational system, like the n%liunnl life of Esgland, not only progreases by
cdmpromise,” but holds W what is euduring by a marvelous system' of checks and
counter clhecy.’ : o o ; '

, - This must suffico to indicatq genoral relations’ botweon the board

of aducation and soconddry scQools. A wide Tango of designation s
18 used for theso schools—for example, Liverpool Instifite, Kton
College, and Callington County School—and thair organization differs

groatly, . ) ' ' -

In the schools with simpler organization there is usually a six-year
course. Corresponding to these years are *Forms ' numbered 1, 11,
IL IV, V, and VI, but in this there is great variation of usage.
I and II are in the “Junior départment;s I1I-VI in' the “Senior

. 4_de;l)a.rtment. In large schools where there is more than oné class in
+ the same subject the better\pupils are often pul‘in ono class and the
" less advanced*in another. Furthermore, there is sometimes bifur-

&

cation throughi‘alection on the part of studonts of\the ““classical side, ”

. With Latin and Greok; as.opposed to the ‘ fodern sido,””. with French

N

oo * rAona'T. Siith, in uouroe'rc.yc_w;';_edm/uwwn,vol,z,pou. o
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- school. 4 :
At the Institute the forms may bo arranged in schomatic array as
fullm.Q: B . s . 2
. E »iT ﬁ; ' - : ' 2~ "]. [, '
- . ‘] e . = Lo Classical

"-h . 20600, o R, 1\' (. side".

| R "’f‘ J ANIY N .

| 1 ) S SN AN — V o N

o ENGLAND. L R ¥ |

~and Goerman. Oceasionally ono finds- ghe ““scienco side” and the

“Woolwi€h side” (as at IW’:‘H] emphasis on mathematics and
naturak science.” But no sifigle schomo can be indicatod which would
give an approximately definito idea of any largo group of schools.
Somo particulars may, howover, be given of two “efficiont” schools:
(1 The Liverpool Institute, with an annual attehdaneo of about 500
boys, and (2) the Bradford Grammar School ; and of a ceriai.n ideal

.

Junior .. -+ -Semor department.
department, ’
v

Wo find hero after V a *“Removo” form (R), ofton called “Shell.”.
Sinco I, wnd I, are’ the same, the bettor pupils can be put in o
group and the less advanced in the other. The subjects studied and
the distribution of hours is displayed in thie annexed table: '

L)
Junior department. : " Benfor department.
“  Subjects. - - :
.| L ‘ s |11, "ll.i‘ e | 111 | 1V | V | Re | Ry [ VL] vy Vi,

- e e ] e F -_._| o | — ——
Scripture. ... 1 ’ 1 l |
Latn... ! 3. 3
Greek... o)
-French .
Geeman.............f..., o
Gieograph, 1 ! ! 1
History... 1 1 1 1
Literature. ! 1 1 1
Compasition. . o1 1 1
Grammar............| 1 1 1 1
Reading............. 2 [ 2 ] ‘1
Writingand spelling.| 3 3 f 3 3
Mathematics.........[ 4 4 (1} 5

27| P poosgo

1 1
Bo‘mgerwt. |y 7| npawy 27,{

. VEach boy’s time tabiein upper ui@h is made up t0 27 hours by el-cuv-.
" 101179°—18—: 4 e o
L. ‘ ' N o )

.

/R,/ VI, }Moderﬁuido ,




" 48 . TEACHERS OF MATHEMATICS FOR SECONDARY SCHOOLS,

+  Norwood and Hope planned courses in ideal schools preparing for
business life and for eptyy into a university.! The following 418 the
scheme of work: for tke [atter:

-

Zdeal school schems of work leading to university matriculation. )

v

. P{z‘:;?‘ Lower course. ;Clmlmls‘:peclal' " Other specialists.
Bubjects. Age(about).|  Aga (about). Ago(sbout). | Age (about).
N .
0 n || 8| |17 sl .
.. _ A -
Religion.................... ol ol okl a oaf x| x| oafoal al
i 22 W O OO B [T B O
el B A g}'; » mif SIS
K 2
...... slgly] 18 ga}'; :, IR
2| 3 2| af a2f..|. Sl 343 3 .
: : of 8 8| s s i,
............ ol J N RN
\l ?} 3 3( ..... boo 000
o [ SRS R v
; g 2 2 .21, 2.......
" Classhoursper week.| 2| 32| 2| 32| 33

U 1 Bunday service is also to he sttended.
© 3 Either Greek or German is selectod.
3 In the upper classes German rather than French is usually elected.
0 \ 4 These hours may be divided at will between these subjocts.

" . Theother ““officient” schobl,namoly, the Bradford Grammar School,

- with about 200 pupils, has a somewhat difforent organization, afid-its
course in mathematics is among the best i | England..; We have here
a ‘‘classical side” and a ‘‘modern side,” In the formet the courso
lasts nine years, in the latter eight. . ““V" is for the ygsenth year ‘“clas-_
sical” and sixth year ‘““modern”; ‘‘Remove glassm’_rqr ‘‘Matricu-

 Whtle some schools are especially well equipped to prepare pupils for university fna‘tﬂculation, it should
benoted that'suchjpnplmtlon is not now unusnal in any secondary school, evon though there be onlyan
occasional pupil to be so prepared.  But under’new regulations of the bill not yet an act an. attempt

is to be made to constituto special departments (n the best schools of a district, to which promising boys

will be transferred from their own schools, In ion with its di of the relations of the [
secondary school to the university, the board: of education laid down the following principles, among
. others, in 1913: “ . o ’

" “The'specialization proper to the upper part of a secondary school is to be dmlnsuls‘hed frdm the special-
{zation which is natural and Proper to a university, and it s the duty of the board to secure thatthe higher
- work done in schools, while constituting s proper preparation for university work, does not. agticipate it
either in the thethods of study or In the nature of the curriculum. 0o .
- *Candidates for degrees in mathematics of science will from the time they enter the wniversity generally
. devote the whole of theéir time to the study of mathematics or of one or moré branches of science. Whila
st school their work i3 not (as too often happens) limited in any way. Those who propose tostudy natubal -
" science should continue to give an adequate smount of time to the study of mathematics, and those who
wish to be mathematiciansshould, simiiarly, comtinue to do work (including practical work in the lab-
oratory) at some branch or branches of natural sci - The board #is0 consider that thosa who will after-
", wards be entirely ocoupied with mathematical and soleatific work-shoukt; so long a8 they are at b
'+ oontinue to glve s substantial amountt of timé to literaey. work.. A thorough proficiency in the use oftye
3 English Ianguage and s good acqusintancs with othe linguagés will be in Aiter years of greater value to'
thém than the sinali smount of additional apeocialized knowledge which, by neglecting those subjects, they
- - might aoquire at school. ‘I¢is, mogeove’.of great importanoce that by tho'oontlnuod'g&udy of selected
" ‘masterpleces (whether humanistic or sclentiftc in content) they should train their minds td deal with the
mere general aspects of human thought.” o .- : . L.
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L :
lation” for elghth year ‘‘classical”; “Matnculatnon" or “Removo
~+science and mathematics” for seventh year ‘‘modern”? Sixth clas-
sical for ninth'year *‘ classical " and *‘Sixth science” or ‘‘Sixth mathe-
matical” for eighth year ‘‘modern.” The followmg is a synopsis of
mathematical work. '

Preparatory—Arithmetic: Elements. - s S0 &=, © f‘ .
I—-Arithmetic: Use of decimal numbers and fractions; factonng, lngheet common
factor and least common multiple; use of brackets. .
Algebra: Introduction to algebraic syrjbolism. T
Geometry: Fundamental concepta of feometry, such as line, point, dlrecnon,
ares, trianglec, solids. Intuitive and| practical Itroduction.

II—Arithmetic: Repeating numbera, coms, weights, and 'measures; proﬁt and loss;

simple interest.
Algebra: Very simple equations to fix the ides of algebm bolism, a6 ® 9%
Geometry: Const.ruchon and,mensiiration of bodies; simple division of bodlea .
11I—Arithgletic: Ordxnary and decimal fractxons, rule of three; square root; per-
centages. .o .
Algebra: The four fundamental operations \yith apphcauons; equatxons of the
first degree; graphs.

Geometry Angle, tm.ngle, parallels the i ple bodlea. euct dnwmg and .

. measuring; simple exercises,

IV—Arithmetic: Harder problems in fractions; change of ordmary ‘tractions into
‘decimal numbers and conversely; abbreviated calculations with decimal -
numbers, ard slmple interest calculation; rebates apd discount; logarithms,

Algebra: Breaking up of sums into factors; simple qyidratic equations.
Geometry: Through propositions on thp cucle fetbot equlvalent to Books 1-3
of Euclid’s Elements).
Trigonometry: To the sglution of right-angl iangles. . -
- V—Arithmetic: Bank, rebate, and sucount cslcdlatlon stocks and - sharaa. interest
7 and annuities.

Algebra: Quadratic equations and problems; theory of mdlcea loganthm,,

series; permutations and combinations.

~s

“ ° Geometry: To similar figures (Ruclid’s Elements I-V), - .
. Trigonometry: Logarithms; measurement of calculation of belghu and
distances; solution of triangles. . -

Matriculation—Arithmetic: General review.
Algebra: Quadratic equations; arithmetic and geomemc series; calculmon ol
' ¢ roots; proportion: ¢
Geometry: Through theory of similitude (Euclid’s Elemenw I-Vl)
Elementary mechanics and- hydroetatlce ‘ .
Remove science anld mathematics. .
Algebry: Theory of indices; logarithms; equations; series; grapbs.
. Geometry: Through theory of similitude. PR
" Trigonometgy: Bolution of triangles; goniometry.
-/ Meghanics and hydrostatics. .
Remove classical. . C -

Algebra: Fractions; highest common factor; least common multipley squm' ;
.- root; equations of ﬁx‘t and second degree; losanthma, pro ; -eeries; .,
R graphs. . . L,
Goomet.ry Throughtheory olnmilitudo' o Y I BT
1 With regard to solid geometry in English secondary school program, 5..‘., be 'umfn‘tb". i

“report in m Maihematical Gasette, January, 1914, vol. 7, p. 392, -
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. 8izth mathematics. . T ¥
" Theory of equations; plane trigonometry; statics; dynamics; -h rostatics; .
synthetic and. analytic geometry; modern geometry; _djfferential jotegral
calculus! . : w o O -
Sizth science. - “ . e
Trigonometry; statics: dynamics; synthetic and analytic geometry;
and integral calculus.!” « . . )

‘erential

But while such extonsive mathematical courses as these may be
found in secondary schools, there are many schools where the math- -
ematics’ includes ‘only arithmetic, . algebra to “progressions,”’ and
geometry equivalont to Books I-M of Euclid’s Eloments. In some
sohools, also, noither t,htfa]gpﬁm nor the geometry is even so ox-
tensive as this. * In other schools permutations and the binomia]
theorem for' a Positivo intogral index an@the equivalent of Book VI -
of Euclid’s Elements (proportion and six%ude) are addoed; but the
last subject, , - - . '
interestingnd important as it is, is too often wholly omitted because it is.not in-
cluded in the syllabus for the London matriculation examination, and therefore is
japtuafﬁiscournged in those schools (still too numero 18) where it is regarded as dan-

gerous to go a hair's breadth beyond the examination syllabus. It js similarly dis-
couraged in those schools which use the examination of the Oxford and Cambridge

o fointbourds ,

‘The programs of studies in secondary schools are largely doter-
mined by the universities. This occurs through the-influence not .
only of matriculation examinations, but also of such examinations
as thossof “joint boards,” of the “Oxford locul examinations,”.and
“of the “Cambridge local examinations.”* These latter (local) examij- . -
nations are of three main types: .

* - 1. Preliminary (for pupils 12-14 years of age); A

2. Junior or lower (for pupils 14-16"years of age)y, ~

3. Senior or school or leaving examinations (for pupils 16-19
years of ago). L .

This scheme of ‘examinations was established wolltover half a
cenfury ago, but not mgny years had pasepd before a standard
exqmination corresponding to university ﬁl?nt.ricu]nt.‘ion_ was de-
manded, and to meet this demand the Oxford and Cambridgo joint .
board was called into existence. g -

. 'A '
.Y Poran inieresung report by C. Godfrey on Calculus in the Public and Se,ndniy 8chools of England,

00 Mathematical Gazette, January, 1914, vol.J, pp. 233-240. .
# That ls, the board of iners for matriculation into Oxford and Cambrifjgo Universities. A sim'lar
boasd Is organized for tho Universities of Leeds and Bhefllold, Victoria Unlvorsity, and the University
. of Livorpool. Tho mnathenmatical requiroments hers are (the University of Leeds calendar 1913-14, -
" Pp. 154-185); “Arithmetio. The elementary g y of triangles, pegaliel , and ciroles, and of
nmnumxﬂd» figures.  Algebrs, tncluding quadratic equations, with the arithmetical and geometrical

" " progressions and an elementsry treatment of irrational quantities and of proportion.” . .
. "+ 8 These examinations under the direction of Oxford and Cambrjdge Iversitiesare referred toas “local”
b.m-m they take place at the schools, or other convenient ¢ jentfrs, and not at the universities, :

o
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- Bubjeots, Board of Educatian, London, vol. 26, pp. 473-483, 500-518.
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This board conducts examinations for three certificates:
1. Lower certificate. 2

»

2. School certificate, . =~ - ' - - -

and a third certificate to be referred to later. . -
Corresponding to the matriculation examinations of tha Uni-
versity of London! are the “responsions” at Oxford and the “pre-

vious examination "’ or “little go’’ of Cambridge University. Broadly

speaking these examinations, the Oxford senjor Jocal, the Cam-

bridge senior local, and the Oxford and. Cambridge school certificate
have the same value. Some characteristics of the mathematical
pafts of these types of examinations may bo noted by studying the
papers given in Appendix A.. Into these characteristics I shall not
go further than to remark that all examinatioris are written, and suc-
cesphul candidates are rated as ““pass’’ or “honor” (first or second).

Sometimes to attain ‘““honor,” questions on “‘additional math-
ematics” and of a more difficult nature must be answered.

But there are yet other examinations for which many secondary
schooL} prepare pupils. These are for the entrance scholarship ex-
aminations in various universities of the country.

The entfffice scholarship examinations at the Oxford and Cambridge colleges are
conducted on practically identical systems and differ but slightly in’ detail. "At'a
rough estimate, the Cambridge colleges award 50 or more scholarships, exhibitions,
and sizarships every year for proficiency in ) gpathematics. Their value varies from
£30 to £80 per annum. The Oxford colleges annually award for mathematics about
20 scholarships of £80 and 10 exhibitions of from £30 to £60. Most of these are ten:
able for two ycars, but they are renewed for one, two, or three more years, subject to
satisfactory progress befng made. The age limit at the time of examination is 19,
The subjects of examination in both universities are: Analytic and synthetic geom-
etry, algebra, trigonometry, differential and integral calculus, and mechsnics,

Papers set at Cambridge in 1910 are given in Appendix B of this.
bulletin. . S . ;

The preparation for the entrance scholarship examinations is
similar to that for the /higher” examinations;” the passing of which
confers certain rights in university and college. ‘Among such ex-
aminations are the Oxford higher local, the Cambridge higher

-

local, and that for the higher certificate of the Oxford and Cam-.
. ( . .

bridge schools examination board.?-

g oo

1 Enml'psuon Papers for 1916 are to be found i Appendix A. The following works may be consul
In this connection: e . o .o . g
L. Matriculation mathematics papers.  Being the papers in elementary mathematics set at the matrioy.

lation examinations of the University of London for June, 1008, to Jung, 1015, with full solut!om to the -

Papers of June, 1915, (University Tutorial Serles.) London, Clive, 1915. 136 pp. o a
2. Matriculstion model ansicers: mathematics. . Being-the London University matriculation papers in’

* methematics from January, 1013, to Jube, 1915 (University. Tutorial Series.) London, Clive, 1018,
© 7 3 Matriculation mechanics papers. Being the London University matriculstion papers from‘Sopgem-- -
* “bet, 1903, to June, 1015, with model solutions to the last paper and-additional Questions, London, Qlive,

1915, 130 pp. G
* Papers set st these different examinations in 1900 and 1910 e given in Bpecial Reports on Educational
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In-the preceding pages some of the noteworthy features of the re-
lation of secondary schools to the géneral educationsl scheme have '
.-~ been lescribed, their wide divergence in ideal and in work has been
* - -illustrated, and the nature of mathematical courses taught has
been indicated.” The prominent rdle played in the school organiza-
tion by preparation for examinations by various boards of examiners
- suggests the thought that much of the energy of the-teachers and -
pupils must be unfortunately diverted to attacking certain types of -
problems and examinations, rather than to dévoloping a mastery of
‘the subject in question. But 'this evil has boen recognized and is
being dealt with.! - R
Having now observed what mathemafics is taught in secondary
schools, we must next consider one of the main features of the prop-
aration of the teacher for his work, namely, his course in one of the
* universities, ' : ‘

'UNIVERSITIES. .

~.The universities ‘of England are situated at Birmningham, Bristol,
Cambridge, Durham, Leeds, Liverpool, London; Manchester, Oxford,
- and Sheffield ; there are also university colloges at Nowcastlo, N otting-
ham, Reading, and Southampton. All of these institutions, with
the exception of those at Oxford, Cambridge, and Durham, rocoive
Government grants. The annual attendance of day students is about
12,000, of students gt evening classes about 8,000. In addition to
these there are at Oxford in the vicinity of 3,400 students, at Cam-.
bridge 3,700. - A : .
-, The organization of such universities as those at Birmingham and
- deeds especiallyremindsoneof that at the better American universi ties.
- The University of London, long merely an examining and, degree-
o conferring institution, was reconstituted by statutes of 1900 as a
. teaching university and a federation of 26 colleges and schools giving -
instruction in ‘arts, law, medicine; theology, science, engineering, eco-
nomics, and musie. . Sons of noble-ard wealthy families who seck a
. university education usually go to either Oxford or Cambridge. - Here
* one finds many of the most brilliant students of the country, those
- who have won in competition ong of the numerous entrance scholar-
- ships. Itisespecially among graduates of these universities—homes of
culture and all that is finest in English life—that teachers for second-
ary schools are sought. ' As Cambridge is preeminent in mathematics
in England, teachers of. this sitbject gre much {n demand among
@/ “honors” men there. . - . T
~ ...For definiteness, therefore, I shall confine my brief commént to
;. the Universities' of Oxford, Cambridge, and London. o
. It is well known that Oxford has 21 colleges, pach with its. own
teaching staff of tutors and lecturers; that each student is assigned

’ lcémpu:w.lolﬂp'l’pqp—’,m@&pp.ﬂm.‘ﬁ ' 0 ©
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to one of these colleges and ¥ras a tuter to whom he looks for guid-
ance, advice, and inspiration in preparing for the various examinations
of his university career; and that this preparation démands a high
standard of scholarship. .Great stress is laid on _ease and facility of
expression, off the ability to form' independefff judgments, on origi-
nality. No one édn get “first” in the- class lists on mere hard wBrk
and “grinding,” or by a display of erudition and an imposing array
of facts. The strain of the examinations, especially in the final
honors school, is very severe. At Cambridgoe the scheme ‘is ‘very
similar. o o @ = W ~ L

In all three universities the courses lead normally to' a ‘pass-
degree’’ or an ‘“honors-degree,” as bachelor of arts ; the pass B. A.
is attained three years after matriculation. The prinicipal examina-
tions may be exhibited in the following table: - - -

University examinations.

Exsminstions. | - Oxford. Cambridge. . .. London,
Entrance....... Responsions................... Previous ¢little-go)....| Matriculation (matric.). |
Intermediate, . . Pass moderations (passmods.) |........................ Pass intermediate or
[after 3 terms). . liminary arts (after | %m 1
Pass B. A...o..| Final gu.s school (groups) | Tripos Part I [after 3 Pmﬂnnl[aﬂq:ym]‘.
v | [efter3years). . years). - :

. Ezaminations for the honors B. A.

.

Examinations. oxford. - - . Cambridge. * | - London. .
H Entrance. +.....| Responsions.................... Previous (little-go)....| Matriculstion (matric.).
Intermediate...| Honor moderations (honor | Tripos Part I [after 3 Honors intermediate or Honors
- K mods.) [after 5 terms). years). ° g:lrl'minsry arts {after 2
"Honors B. A....| Final honor school [after 4 | Tripos Part II [after 4 | Honors fina} fafter 3 years).
3 years].: i years]. l , . :

Let us suppose that our student wishes to pursue mathématical
studies in the honor school at Oxford. He will be allowed tospecialize
almost to his heart’s content. According to the regulations of 1913,
the following'is the examination program for the' final honor school
of mathematics, which is one of nine schools. 4

Algebra, including the elements of the algebra of quantics; theory of "equatiom;;

trigonometry, plane and spherical; infinite series and infinite products,
Geometry, pure and-analytic, of tworand three dimensions,
Differential and integral calculus; differential equations. ) -
v The elements of the’theory of functions of a complex vgriablo, with applications
to the elementary functions and to elliptic functions, S “ :
“The elementa of the calculus of finite differences. . - ‘ ) ‘ '
, The elements of the calculus of variations.. > T R
" Staticsand dynamicsof particles, rigid bodies, and strings; the elementaof analytical "
dynamics; atatica of rodsslightly bent. Hydrostatics; the elements of hydrod ynawmics;
waves on Yquids. . o , o 0o ?
Attractions; theory of potential, -~ - - 4

s,
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Electrostatics; magnetostatics; steady electric currents (flow in linear cireuits,
laming, and solid bodies), . . -
_Electromagnetism (magnetic force due to currents, induction): electrodynamics
. (mechanical effects of currents); dielectric currents (propagation of Blane waves in a -
homogeneous dielectric): ’ Y .

Vibrations of strings; propagation of sound ; vibrations of air in pipes.

The elements of geometrical optica. .

Spherical astronomy. . ’ ~

Half of the 10 examinations in this program are 'in puré and half.
in gpplied mathematics., - They occupy about 30 hours, on 6-consecu-
tive duys. - . : ? ’

Oxford ¢oncedes that the most talented of English mathematical
students usually go to ‘Cambridge. It is not surprising, therefore,
that the program for the tripos examination is much more elaborate !
than even that for honors at Oxford. On the other hand, the mathe-
matical opportunities for the specialist in the University of London
are riot as numerdus as those'at Oxford.?

But while it is possible that a graduate of ore of these universities
may have received a very broad training in mathematics, it is also ]
true that he may, at the. end of his course, know no more mathe-
matics than &fe Tequifed for responsions, namely: Arithmetic, and

. eithor'Euclid’s Elements, BooksI-11, of algebra.

: TEAGHERS IN SECONDARY SCHOOLS,

The organized training of teachers for English secondary schools
'is in its infancy and extends at most to a postgraduate year in a -
university. For nearly a decade the board ofeducation has given
financial assistance to institutions’ training secondary school teachers,
_but while this feature is being increasingly emphasized, it is never-
theless true that less than 40 per cent of the total number of secondary
teachers (of bays and girls) have had some training, and that not
more than 15 per cent have been trained for the specific ‘work in
which they are now engaged. e .
According to rogulatigns which went into foree in 1913, students’
inay be trained as teachers in secondary schools in (1) training col-
leges, (2) certain secondary schools. - B
In order to be recognized as a training college under these regula-
"tions— T . : o
an ingtitution must be an institution or & departmént of aninstitation organized *
for the purpose of giving‘instruction in tlke principles and practice of teaching specially
" designed for persons who are preparing to' become teachers in secondary schools as
*. defined in the regulations. Lo, .

.1 This program is given on pages 194-98 of- 8peotal .Reports on Edncationsl Bubjects, Board of Educa-
" tipn, London, vof. 27, Tlie examination pspers for Parts I and 1T of the mathematical tripos are pub-,.
-~ «lished annvally in psmphlet form by the Cambridge. University Priss, ° 5 o0 [

“.! -9 ¢f. H. Bateman, “The W"!’k of an English Mathematical Btudent,” Mathematics Teacher, vol. 5,

- 1918, pp. 147-18%
DI 3 .
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2. The training college course must be confined to purely professional inastruction. -
4. (a) Adequate provision must be made, in secondary schools approved by the
board fof this purpose, for the instruction and practice 'of,g&xdetu in tdaching and in
school organization and management. ) : .
(8) 1f the training college is a department of a secondary school, this conditionw -
. may be satisfied, provided that the student has ample practical experience during the
year of training in the school of which the ollege is a part, -

6. The course must’extend, over Dot less than a full academic year.. .

7. At least 60 achool days must be spent in contact with class work under proper
supervision in schools approved for this purpose by the board. Not less than two-
thirds of the teaching practice must be taken in a secondary school ‘or schools. -

Training. of 4eachers in secondary schools may be carried, on under

the following conditions:

by the board, i - . .

(4) Any person proposed for recognition as a teacher in training must be not less than -
21 years of age and must have obtained an approved degree conferred by some -uni-
versity of the United Kingdom or some other university bf recognized standing. . In
the case of a woman who is not eligible to receive a degree, a certificate showing that
she:has fulfilied all the conditions which entitle a man to obtain an approved degree
will be accepted for the purpgse of this article. .

(¢) The course followed by a teacher in training must provide for a systematic

* course of study both in the practice and in the principles of teaching in accordance
with a scheme approved by the board.” The scheme must provide in each case for
s special study of the methods of teaching a particular subject or group of allied
subjects. o . : ' :

(d) The course must extend over not less than a full schoo! year. The whole year
must ordinarily be spent in the school to which the'ueacher‘in training is admitted,
but arrangements may, in certain cases, be made for the absénce of the teacher from
the achool for part of the year for the purpose of attending a course of instruction in
the principles of teaching at a university. . ‘

{¢) A school will only be approved for the purpose of this chapter if the head master
or head mistress or some other senior member of the 8taff is specially qualified and
has the necessary interest and leisure to supervise the teacher's training.

\ 22, Whena teacher in training has been trained for a year in an approved school
under conditions which the board can regard as satisfactory, the board will indorse a
certificate given by the head master-or head mistress of the school stating that the -
teacher has completed the.period of training in a satisfactory manner, * .

. 'The regulations give also a “List of qualifications  other than
degroes which will be- accepted as qualifying students for admission -
A to training eolleges.” These are: . LY .

L. A tripos certificate granted by the University of Cambridge to women, provided
that the examination taken was one. which, if passed by a man after three years’ |
residence, would entitle him to a degree without further examination. . Women -
students who have been allowed the ordinary degree in & tripos examination will be
regarded as possessing the neceesary qualification,  * . . e

. - I1."A diploma or certificate showing to the satisfaction of the board that the appli- .* - * -~

cant, if 4 woman, has fulfilled all the conditions which, if the University of Oxford -
granted degrees to women, would entitle her to a degree in that university; so that =~ -
she has obtained honors in the second public examination or has passed the first and

C 5

21. (a) The school must be on the list of eecdndary schools rec"ognized as efficient
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second public examination ! at that university or such examinations as are accepted
by the university as equivalent thereto. »
IIL. ‘A special honors certificate of the higher local examinations (Oxford and
. Cambridge) granted under the following conditions: o .
(a) That the certificate includes at least a pass in twolanguages(other than English)
and a pass either in mathematics or in l(?ic; and
() That the holder either (i) has passed in four groups or sections, obtaining a
" . first or a'second clasa in at least two of them; ok (ii) has passed in three groups
of sections, obtaining a first or a second class in at least two of them, and
holds in addition (1) an Oxford or a Cambridge, senior local certificate in -
onors, including at least one subject not included in the three higher local
0 groups or sections, or (2) a higher certificate of the Oxford and Campridge
", schools examination board, gained in one year, exclusive of drawing and
- music, and including at least one subject not incJuded in the three higher
) l'oca.l groups or sections., i o

. Among the institutions recognized as efficior:t under regulations
of the board of education for the training of teachers for secondary
., schools~are: (1) Departments controlled by, or forming part of, s '

+ university or university ‘college; (2) training colloges provided by
~ othér bodies. . Departments ‘of the first type are to' be found at
‘Birmingham University, Durham University—Armstrong Colloge,

Leeds University, Liverpool University, London University, Victoria

Untiversity, Oxford University delegacy for the training of secondary

teachers, and Reading-University College: An example of a training

college of the second type is the Clapham High School, in London.

To illustrate, the methods of operation, sonte details follow with

" regard to organization in units of each of these types. For the most
part the statements have been made by the institutions in question.

(@) University of Liverpool.—It is little more than a decade ago

that & diploma in education for graduates, along the present lines,

was established. The courses of study qualifying far the diploms
were placed under the gontrol of a special board, in organic relation

 to the facultios of arts and science, and including persons representing
secondary education in the city. ' '

Candidates for the diploma must be graduates of some university
in the United Kingdom, or have obtained such other , academio
qualifications as shall be approved by the senate of the university,
Before admission to the examination candidates present certificates
of (1) having fulfilled the conditions as to practical teaching, and

: - (2)having attended for-af least one session? subsequent to their final
examination for a degree a course of study approved by the diploma
board. ' : , '

~_The diploma examination consists of two parts, theory and prac-
tice. . Candidates are required to pass written examinations in thé

>

"5 following subjéots:

3 First. publlo é2amination—miodsrations atter 3 semesters; socond public examination—examination
forthe degres.. ., . ' : :
% Onesession consists of 3 terms of about 10 weeks each,

o
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1. Logio, et.lnos and psychology, mcludmg psychophysrology,
their application to education. 0 *
2. Principles of education, with specm] reference to methods of .
teaching the usual subjects of the secondary school curriculum ;
principles of general physiology and school hygiene. -
3. A* prescribed. period of the ‘history of educational theory and
_ practice.
In respect to practice, ca.ndldates are judged (1) upon reports’ by
the professor of education, and (2) upon written records of their work
in school and upon their tonchmg before the examiners. Candidates
are required to attend at approved practicing schools for a period of
at least 250 hours. They are, as a rule, .attached to one school .
throughout the session, and, so.far as possible, they undertake work
such as would be allotted to a member of the staff. They also attend
lessons given by members of the school staff and study the methods
of teaching the specla] subjects in which they ate interested. The
general supervision of their work. is.in the hands.of the university . -
staff, but each syudent is also under the direction of one teacher, who
* reports on his p{'ogress The $tudents are requlred to keep a record
of teaching observed and of courses of lessons given, to be submlt.ted
to thie examiners. .
The fee for the complete course is- £10 and the exammatxon fee
is £2 additional. ' .
(b) Clapham High School.—The department for the training of
« toachers for secondary schools was opened in 1902.  Students desiring
- to enter miust possess a degree, or. equivalent qualification, or hold a
higher local honor certificate. .
Throughout the course students follow lessons given in the school -
by expenenced teachers. They themselves also teach, under super-
h vision, which is relaxed as they gain experience and power. They,

' ENGLAND.

learn the wvarious dutics of a form™ teacher by being sent as assistants
in a form, for not less than half a term at a time. Visits are paid to

* other schools of differont types, and students gl:re criticized lessons
in outside schools. Lessons are followed by general discussion, W'lth
the specialist in chiarge of the subject.

The course covers three terms, and the plan of study lncludes
instruction in the theory of education, based on psychology, logic,
ethlcs, and the history and practice of education. ‘Instruction is also
given in ‘the use of the blackboard, voice production, and school

, hygwne ' ,
“The fee for the course is_£24. o o~ 4
Such orgnmzatxons give }romlse of & more eﬂicnent. group. of sec- A
_ ondary teachers in the near future. ‘Not so long/ago— S

" of the 9,126 full-time, teachers [men and women] in secondtry schools which reeewed
.grants from the board oi educahon, 5,348 were without pmieemoml t.mmng ot t.lm

r : P R ST 28  H8agy
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_ higher than &20’01 There is<usually no automatic increase. If & mu'7{ wishes to
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group of untrained‘ teachers, 2,731 were also wi'thoint degpees from college or uni\"ersit,'v_-
The total number of socond@ry teachérs without degrees was 3,715, R

It appears that véry fow secondary teachers appoinfed in the last

"decade have not had the cquivalent of a university course supple-

mented ‘by practical training. But even 80, it is noteworthy that a
university graduate may be engaged tq teach a subject about which’
he has not increased his knowledge since he lgft the secondary ‘school.
As Mr. Fletcher comments: It ig “a matter of grave ¢oncern that
half of our mathematical teachers of boys and girls have had no-
instruction in mathematics beyond what they hava had at school.”

" If we consider only the. best grade of secondary schools for boys,
the scholastic equipment of the teachers in the subjocts taught ranks
high, the, work that the teachers do if characterized by great thor-

oughness, and their personal influcnce’is such as to inspire the finest $
_ ideals of manhood. ~ ‘ : 1y .

‘T have been unable to procure any comprehensive statement of
salaries paid to teachers in English sécondary schools.. ‘But even if
such a statenient has- not baen publishcd, enough has come from
authoritative sources to demonstrate the wido variation Tn salaries
and, in most instances, their great inadequacy. The scrious offect
of this condition on the persenncl of the teaching forces is now
generally recognized, and it is hoped that through the authority of
the board of education much needed reform in this connection may
be brought about. : ' .

In August, 1900, Dr. W. H. D. Rouse, headmaster of the Perse
School, published some strikjng facts which would seem. 1o give a
true presentment of general conditions-at the time.! He found that
the average salary of assistant masters’ in 300 schools men(ioncd/

-~

in the returns of the Charity Commission was £135.22, and that &

‘similar average for 20 East Anglian schools was £ 103.6.

In 11 emaller schools the uv,émge aalary is £52, apd these data combined give a
sum just below £12) as the average sélary of the assistant, Residence, i. e., board
and lodging, is included in some cases; but we may leave this out of account, becauss
it is payment for extra work done out of school. The Victorian public schools, such
as.Clifton, Cheéltenham, and Marlborough, and others which though noted in the past
are of late growth, such as Tonbridge and Bedford; are not included in the above
list, whick is meant to illustrate the usual condition of country grammar schools, If

. these be included, the average will be alightly raised. . At Cheltenham there are one

or two posts at about £300, one at least of £100 only, and the others range from £200

' to £250as 8 rule. Clifton-and Marlborough do not greatly differ. The state of thinps

in Bedford is thus described by one who knows: “There is no scheme of salarics in
either of the two big sghools. Each man fights Jor what he can get; if he makes w,’good
bargain to etart with,?all for him.” * A.few years ago thé'average salary at Bedford
174, but many form masters received £150 or less; sonie under
£100, all these being nonresident; At Tonbridge there is in my table only ore salary

" 18iifiies in Becondary Bcbools,” Conte porary Revirw, vol. 78, pp. 275-280,

Y . ..
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- marry or thinks his inereased experience makes his seryices more v‘aluab]o, he may
have to get another post (if he can) in another schodl, As to the smaller schools, the .
_account of the of a Cambridge B. A. of my acquaintance may be of interst.
Hg began in A:E?e% Grammar School at £15, resident, and after several moves from
one private achodl to anqther, where-the pittance wae somewhatincreased, he attained,
sfter nine.years’ experience, to the magnificent stipend of. £140, nonregident, in the
grammar echool of a country town which for his sake I forbear to mention. A London
B. A., whose lifg story is also before me, now receives £]30, nonregident, after 18
vears” experience. The same pitiful stdry comes from scores; of amall country
schools. ) ’ . K . , L
The headmasters’ salaries present a pleasing contrast. " In the best-paid of the -
schools ‘mentioned, Tonbridge, the Lieadmaster receives £5.000 and upward, ‘while
his assistants have less than £200. The usual 'ai'émge is ten times that of the assistant,
falling to five times in the East Angliad schools and even occasionally toless. Sofaras
my knowlodgqgéos (and as regards rome of these schools it is not negative knowledge),
nejther headmaster nor‘goverriing body has expressed any dissatisfaction with the
state of affairs ‘or has ever considered means whereby: the salaries of assistants might
be permanently improved. The chance of succeeding to & boarding house keeps
hope alive in some schools, and this rather than the carned reward of merit would
seeni to be the present educational ideal. - - N - >

! : ol ) 2
The following definite indications of salaries in four types of

secondary schools were taken by Norwood and Hope in 1909 (pp,

367-568) from a list issued by the assistant masters’ association :

A. LONDON SCHOOLS.
1. City of London School. . L
(@) Upper scalg, £300, rising to £450 by annual increments of £5 156, 4d.
(b) Lower scale, £200, rising to £350 by same increments.  Five masters
are paid on the higher scale and 15 on the lowet.
2, Mercers’ School. - 0. .
(a) Upper scale, £160, rising to £300,
(b) Lower acale, £120, rising to £200,
B. PROVINCIAYL SCHOOLS. .- s .
1. Manchester Grammar School. . o
e " Ordinary scale, £180, rising by £20 every two years to £300.
" 2. King' Eduard VIJ School, Sheffield. .
(a) Five mastors, £220 to £250, rising by £10 annually to £300,
T (b) Five masters, £180 to £200, rising by £10 annually to £250,
(¢) Five masters, £150, rising by £10 annually to £200. .
C. MUNICIPAL SECONDARY SUHOOLS. ' , o O
1, Bournemouth. C : - . .
£120, rising to £150, with three.special salaries of £170, rising to £250,
* . £160, rising to £200; £140, rising to £170, . a
2. Hartlepool. ’
’ £150, rising to £200. °
D. COUNTRY AUTHORITIES. .
1. London County Council. oo . )
£150, rising by annual increments of £10 to £300, on atisfactory reports,
* with further annual increments of £10 to £350 » 3 o :
2. Surrey.. . L
. " Nongraduates, £100, rising by annual incremerits of £5 to £160,
" . Graduates, £130, rising by annual increménts of £7 10s, to £250,

N
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Provision for the pensioning of _teachers in secondary schools is
oertamly meager. -

A number of wealthy endowed secondsry schools have for yme—time had individual

pension systems of their owhn, operating unddr provisions of their respective schemes

. of government of charters, most of which were received under the endowed schools
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