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" Dr. Mrcnuﬁ E. SabLiry C. B,, vice chancellor Leeds University,

NATURAL SCIENCE TEACHING IN GREAT BRITAIN.

’

REPORT OF THE COMMITTEE APPOINTED BY ,THE PRIME MINISTER TO INQUIRE
INTO THE POSITION OF NATURAL SCIENCE IN THE EDUCATIONAL
SYSTEM OF GREAT BRITAIN,

Ay o . ’ . . .
This committee was appointed in August, 1916, and consisted of the
following 17 members. eminent in the educational, scientific, and com-
mercial life of tlie nation:”

sir J. J. Tiomsox, 0. M., . R &, D, Se,, master ¢f Trinity College, Cam-

bhridge, chairman, ' ‘
Right MHon., F, D. Acrax . I’ (Laberi for North West Cornwall, and secre-
tary to Board of Agrku ure, .

Prof. . B. Bakes, C. B, K, D. Sc,, F. R. 8, professor of chemistry at Iwmperial
College of S(-lvn(e ad Technology, Londan.

Sir Graay Barrour, M. AL, director of education, Staffordshire county council,

i WiLLIAM BEArDMORE, Bart., chafrman Willinm Beardmore & Co. (Ltd,), engi-

neers and ordnance manufacturers
Sir Ginsenrt CrLavasiTon, Bart, chairman Londonr and North \\\\s‘t‘ern Railway.
'\Ir C. W. Cook, M. A\, h(‘udmxmwr ((‘lltl‘}ll School and Public Thainlng Center,
Woml Green, N,

- Miss E. R. GWATKIN, K %o ©

Kir A. D, Haw, K. . B, permanent seeretary Board ot Agriculture,

sir Henry Hean, M.JA, M. D, F. R. 8., editor of Brain, and contributor to
medical journais. o

Sir HENRY IhissegT, M. P, Chorley Division, Lancs,

Mr. D. H. NagEL.

Mr. WILLIAM NEAGLE.

Maj. F. G. Qonvig, LL. D, C B., director of Sclence Mpseum

I'rof. E. 1. StamLINg, M. D, F. R. 8, Jodrell professor of physiology, Univer-
sity College, London, und sclentific ad\lsor to Forces and Ministries,
Mr. W. W. Vavanan, M. A,, mastér of Wellington College,

By the terms of reference the committes was “ to inquire into the
position occupied by natural science in the educational system of Great
Britain, especially in secondary schools and universities, and to ad-
vise what measures are needed to promote its study, regard being,
had to the requirements of a liberal education, to the advancement
of pure science, and to the interests of the trades, mdustrles, hnd

t Compiled by Walter A. uontgomcry, lpechlllt in (orelxn vducatlonal lyueml. me
of kdumtlon. P . .
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* in this presentation of the veport.

6 NATURAL SCIENCE TEACHING IN GREAT BRITAIN, '

proféssions which particularly depend upon allied sciences,” Tn
considering the provision of scholarships, bursarjes, ete., the commit-
tee was instructed to take into account the report of the conwsuliative
committee of the Board of Education on this subject,

At numerous sessions the committee receive d the evidence of wit-
nesses including the repregentatives of all branches of scientifje
thought in Great Britain, A large part of the information on which
the report was based was obinined in answor to questionnaires ad-
dressed to schools, universities, and industrial firms, the mdst sig-
nificant of which aré apponded. The separate sections dealing with
Scotland and Wales, Leing of loeal interest and value, are omitted

-

The conplete report was formally presented to the Prime Minister
on February 19, 1918, : .
INTRODUCTION., . ‘

. - L I L] - - . . L

2. Not for'the first time las our educatlonal consclence been stung by the
thought thiat we as a nation neglecting  sclence.  Attention was alled (o
this neglect by the report of the royal commission on the nine publle schoolw
o 1884, when it was recommended that all boys should receive instruction in
some bmneh of natural science during part at least of their schoot caveer, A
commitiee of the Brijlsh assucintion dealt with the zfubjectv aguin in 18646,
drawing the valuable distinctivn between secientific’ Information aud scientitic
traintng, and making recommendations which influenced the course of scidnee
teaching in schools. That there wus need tfor these exhortations cnn he proved

© without any elaborate survey of the history of science teaching in England, In

1863, at the very tlme the public sclwols commission was holdiug s inquiry,
the only instruction in sefence at one of the greatest schools in Eugland «as
given on Saturday afternoon by a visiting teachier, and his meager Appuratuy
was stored in so dump n cupbeard that his experiments usuully broke down.
It is not surprising thut the hendmaster of this school told the comiatssioners
that * fnstruction in physicul sciences wig, t*xcépt for those who have a taste,
and fntended to pursue them as nmateurs or professionally, practically worth-
less.” Steps hat bLeen taken before these dates at certuin schools to intro-
duce the Teaching of science, but this work was done under great dificulties and
was regarded with jealously by the stafts, with contempt by the boys and with
indifference by the parents. )

‘Gradually, thauks to these reports and to the efforts of gl(‘tf.enchers within
the schools, this Benjamin of subjects won toiemtlon, lf‘ not affection, in the
family circle. Meantime public interest In sctence was belng aroused by the
achlevements of scientific workers like Darwin and Kelvin and by the writings
of Spencer, Kingsley, Tyndall, aud Huxley, and this interest was reflected (n =
the schools., _ s : . . L 4

During these years, however,,'secomhry education was within thé reach of
but few. The big pubdlic boarding schools—then t9 be numbered on the fingers
of two handg—educated & limlted nuwber for whom a road had been made
by family traditions ‘or Increasing wenlth; the old established grammar schools
Scattered sparsely over the country offered to othyrs fn their fmmediate ‘neigh:

borhood opportunities of ‘education often most engerly. séized and fraitfully
* used ; dut boys, éven though they found In most 'schools science. tenthing avatl.

) <. able If they sought it out; were ‘sometimes denled it altogether, and they were -

Bl Vo o
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INTRODUCTION, 7

certainly discouraged from pursuing it unless they lhad shown ineapacity for -
classics or wathematics. For girls even these Hinited opportunities did uot
exist,  Information about their educatiun at this period is scianty, but it may
sutely be suid that no orgunized instruction in sclence was available for them.
Thexe weaknesses, which persisted long nfter the butte of sclence was hulf

_won, have never heen entirely removed by a great stireing of pablle opinion,

even though our defects in scientific eduwution have been titfully puinted ow
and td sonte extent earrected, R
Further, while the secondary school, so far ax it existed, remnined under

o the chussieal tradition, the schoois which grew up uwlier the science nnd art

deparicent tended to he one-sided in the opposite direction, fostering sclence
1o thes exclusion of lherature.  The river of educational -enthusiasm, never
too Strongy wius colisequently split into two weak streams.

The problem hus, of course, heen affected by the wile extension of second-
ary education that har marked the last 15 years, but the older se¢hools have not
yet been entively freed from all their prejodices. and the newer schools, in
spite of their hetter bulnnee of subjects, nay perfinps have issed some of
thelr opportunities, ‘

3. Fromi,schools <o few in mber and so Hmited n aim. recruits for the
universifles eould not be obtsined in abitindance.  There were professors of
scientific subjectx at both Oxtord dnd Cutubrldge all through the eighteenth
and nineteenth centuries, amd no doubt they artracted to their lecture rooms
individunt s(u‘fe-nls_ but it was not untit hull‘-w‘u_\' through the Intter century
that the estublislutaent of honer schools i natiral scivnce gave formal recog-
nitlon to the position of scienée.  For sowe 3"9:|rs the sennty cluss lists benr
cloquent withess to the dearth of students. The reports of the university come-
missions show hew this dearth was not the only difticulty with which the -new
subject had to cope. Clussics gnd mathematics certainly held a privileged
pusition, and it required the steady effurts of men who were looked upon a8
dangerous reformer« to why the firm ground whjch sclence now holds.

But Oxford and Cambridge were nnt to be left in sole possgssion of the
undverslity ‘territory in England and Wales. Durham had been founded li 1832,
London University in 1836. Between that date and the end of the century the
Royal College of Scienco was founded in London and 14 university colleges
were establiched in the more important towns., Many of these subsequently
developed into universities, At both stunges of their career they did Incal-
culable service to the cause of science In offering stimulating teaching and
opportunities of research to many—men and women—who were pressing to
enter the realms of new knowledge., But even though there was a blas in
favor of sclence they were handicapped, as the elder universities were, by a
lnek of students. Evea those with the enterprise to force their way through
the obstacles of thelr circumstances canie cften ill-prepared by previous edu.
catlon, #nd much abllity wns left untap . - That 80 much was done under

such ppndltlgna only iIntensifies our regret’ that ko much was lost. Genlus hasg

oubted that & ead amount of the
nd steady sctentific progress de-
ty or on account of misdirection,

iceds that have made us once again con-

8 way of saving itself: but it can not be
general ability on which ‘eduncational t
pend raun to waste for want of opport

4. And now it {8 the war and {

sclous of the nation's weakness ifi science. But it 18 for the sake of the long
years of peace quite as much as for. the_ days of war that some improvement
in the sclentific education of the country I8 required. JTust ngw, everyone Is ' -
prepared to recetve sclence- with open srms, to treat it as an honored guest o,
. qur.educational system, and to glve it of opr.best. - Just now, it seems -almoxt

3,
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unnecessary to take actlon to Insure agalnst any relapse Into the old cpndi- .
tions, but experience of the past shows us that temporary enthusiasin ngeds
to be fortified by some more binding material. —Good will is much, but good
will weakens, and we must not sacrifice the future to our fears or even to our
love of Ifberty In educational matters.' It ought not to be beyond the wit of man
td devise a' scheme of education that will be durable, yet elastic; a &heme
that, whije securing that every child should be equipped with a knowledge of
. science, will net cramp the teacher by a syllabus or even by a riglg tradition,
o Some of the advocates of sclentific training have damnpged thelr cause by
¢laiming too much for their subject and by seeming to depreciute the value -
of the Ilte’nry_studim which had temded to monopolize the attention of the
ablest boys who' enjoyed secondary education. To many, Greek ‘and Latin
have seemed enemies who,:from having occupied the educutioual ground be-
times, have been able to dig themselves in and to hold an almoest impregnable
position,"due not «o their merit as educational instruments but to the accident
of priority. There Is truth in thig, but we do not think that the surest method
of victory is to be found in the overstatement of the merits of science or the
depreciation of the value of ¢lassics. Some of the ablest minds hnve received
from their classical fustruction enduring gifts thut have begn of gregt service
to the State and of great refreshment to their possessors. It is our belief that
a better service can be done and a like refreshment gained by those whom we
hope to see dducated on the wider Hues luid down in our report. The lrimaniz-
ing Influence of the subject has too often been obscured. We are, however,
¥ confident that the teaching of science must be vivified by 2 development of its
human Interest side by slde with its }nuterlul and mechanical aspects, and that
whiie it should be valued ns rhe bringer of .prOsperit_\" and power to the indl- '
vidual or the nation, it must never be divorced frons those liternry and historical
stuflies which touch most naturally the heart and (he hopes of mankind. :
5.:There can be no need now to, labor the fmportant part tMat science should
'play in our education, but m mories nre short and it may be well to register
in formal words~fur future cowfort, if hot reproach, what ail would readily
grant at this moment, \l is not possible to give an exhaustive account of the
scope of science, but it f3 not superﬂLlyus to point out that 1t has several dis-
tinct kinds of educskiqnal value. It can arouse and satisfy the element of
wonder i our natures.” As an Intellectual exercise it disciplines dur powers of
mind. Its utility and applicabllity are qb\'lons.' It quickens and cultivates
directly the faculty of observation. It tenches the learner. to reason from
. facts which come under his own notice.. By it the power of rapid and accurate
o generalization is strengthened. Without it there is a real danger of the mental
" . .habit of method and grrangenent never being acquired. Those who I}ave had
amuch to do with the teaching of the young know that thelr worst foe 1$ indo-
lence, often not willful but due to the fact that curioslty has never begn stimu-
lated and the thinking powers neveér awakened. Meniory has generally been
. cultivated, sometimes imagination, but those whose faculties can best be reached
.~ through external and sensible objec\s have been left dull or made dull by.being
expected to.remember and apprecinte without belng allowed to see.and criticlze,
In the sc'l.ence lesson the eye and the judgment are always being called upon
for an effort, . and because the fesult is within the-vision and appreciation of
the learner hé'ls encouraged as he seldoin can be When he i dealing with litern-
wviure. It has often been noticed that boys witn they begin to learn .sclence
receive. an_inteliectual. refreshment which makes a difference even to thelr
« literary work. " It is Po¥sible to Imagine.a tiine when. the obstacle_to progress '
in aclentific education might be. the.attitude of sclentific teachers, hut that time
S W e a SaAL e L . T S AL
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. SECONDARY, ELEMENTARY, AND PECHNICAL EDUCATION. 9

fa far distant, and it 18 hard to believe that the teaching of a subject whose life
depends on discovery can for long be sterilized, as has beeén at.one time or
another instruction in almost all the other branches of human knowledge.

Too few parents of this generation can satisfy their children’s curioslty about

" ihe wonders of the heavens, the movement of tlie planets, the growth of plants,

(he hiistory of the rocks, the dawn of unimal life, the causes of tide and tempest.

How necessary sclence is in war, in defense aud offense, we have learned at a
grent price.  How it contributes to the prosperity of industries and trade, all
are ready to admit. How valuable it may be in opening .the mind, {n training
the judgment, in SUrring the imagination and in cultivating a spirit of rever-
ence, fow have yet accepted in full faith.

A nution thoroughly trained in sclentitic method and stirred with an enthusl-
asit for penetrating and undqrstnndlng the secrets of nature would no doubt,
renp n rich material harvest of comfort aud prosperity, but its truést reward
would be that it Would be fitted by “an ample and generous education to per-
ot Justiy, skiffully, and magnantmously the offices both private and public
of peace and war.” ]

8. Our terms of reference hnve been stated ahove, We are conscious that In.
sne directions we have not carried out our instructions to the extreme lhnit
of thelr interpretation. Time nnd the cireuthstunces of the war have pre-
cented ug from probing by personal inspection the way in which the work
the universities and schoolg of all kinds i3 actoully being done. We have tuken
zonf faith for granted in nll cases and liave on this basts tried to assess the
nimy professed and the materin]l arrangements made. OQur recommendations in
the main refer to the multipiication of opportunities, to the creation of a suit-

“ahle enviromment, and to the removal of hampering restrictions; we must not

e tnken to underestimate the less pouderable elements of a scientific educa-
tion. T1f. on the otlier hand, we mny seem to have overstepped our terms of
reference In sonte directions, it nust be remembered that scientific education
enn not he disentangled from the general educational problem. #qundaries that

. in theary séeni to the looker-on well defined are in practice obliternted. .

The war, a8 we have said. has continually hampered us in our, Inquiry, and it
must sadly retard the realization of our hopes; on the other hand, it has in-
ereased the urgent need of action and it may be it has silenced some opposition,
It certainly gives no excuse for the postponenient of a start to recover lost and
to win new ground. Such ground, it is true, will never be surely held unless
l?s glowly won. But it will never be won at all unless the present opportunity
i{ seized. To postpone action intll equipment and bulldings nre perfect, or the

- supply of Wise teachers nbundant, until the enthusiasm of the parent Is roused

or the patronage of the employer 18 secured; untll all fear of officials has van-
ished gnd complete confidence exists between the literary lion and the sclentifie
lamb,’1s to place an obstacle In the way ‘of progress, an obstacle greater even
{than the war. ° , i

v .

. . . * . % e .

g .

1.,6ECONDARY, ELEMENTARY, AND TECHNICAL EDUCATION.
. : » T - .

7. In our terms of reference special emphasis i3 laid off the consideration of
the position of sclence In secondary schools and universities. Asitisin secondary
schools that questions as fo the neglect of sclence and improvements in aclence
teaching are ralsed in the most ‘acute form, we think it desirable at the outset
to conslder at somé length the conlitions at predent existing in these schools~

. Y 2o [

~

1
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and. the modifiéations which in our opinion are desirable, . . " *. L
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Ad versitles. The provision of sclence teaching, which must fnclude practicnl work.
L 18 not-a matter of cholce but of. regulation, puch achool must submit fts cur-
e . riculum for the approval of the boqrd of education and must further satisfy
B the board that the provision maden the time table for the teaching of science

2 - * .. ‘mpector. and the exemptions approved: Science Is thus included in the normal »

< by, D.abolit the age of 16, except Ina

10 NATURAL SCIENCE TEACHING IN GREAT BRITAIN, '

v

THE POSITION OF SCIENCE IN SECONDARY SCHOOLS.

A.—Boy® Schools In England,

8. Under this heading we propore to deal with those schools which eduette

- boys up to the age of 16 or over, and whose curriculiun covers the subjects won-

erally regarded as essential for a liberal education. These schools comprisis—

(a) A vumber of well-known endowed schools commonly described s

“public school.” including the seven public schoola of the public
schools act, 1868 ;

(b) A number of grammar schoolr and v and municipal setrools, which

receive grants from the State.

(¢) Proprietary and private-schools,

9. To avold any misunderstunding with regard to the classificution of sehoofs
which we have adopted as a wutter of convenience, two considerations wust be
borne in mind— 0 ] :

(1) Whether a school applies for the parliatuentary graut or not nwy
depend on financial or other considerations which are only indirectly
of educational signiticance. The chnracter and status of a schoal ure
oot necessarily determined by its relations to the board of education.
There is, Indeed, from the edueational polnt of view, no sharp divid-
ing line which separates schools recelving grants frow those which
are lndependent of State afd, .

(2) Agaln, so far as the science subjects studied and the scope of the

{ Iustruction in science are concertied, no real distinetion can be drawn
between those State-nided schools which suceeed in keeping a numlber
of thelr boys up to 18 and other schools with the same leaving age.
In both groups of schools the secience teaching Is tn generai confined
to the elements of physics and chemistvy ; botany and 20010y ire,
. as a rule, taught only to those boys who intend to enter the medical
profiession, while geology. as fur as it i 'taught at all, 1s taken {n
connection with geography, or informally as part of the activities of g
the school scieutific soclety,

- .
*w

I. GRANT-EARNING SEOONDARY SCHOOLS.

10, Nearly 30 per cent of the boys in grantearning schools enter before {he
age of 12 and.nearly 80 per cent before the age of 14. Under favorable clreum-
' stances, where entry takes place. not later than the age of 12, there is usually
& course of work in phydics and chemistry extending over four years up to the
“age of 16 and leading up to an examination subth as the senlor local, or thd
matriculation examination of the University of London og the northern uni-

+ 1sadequate in amount, having regard to the legitimate claims of other subjects.
It it 18 desired that indlvidual puplis should omit sclence—applications of this
kind are tare in boys' schoole—the reasons must be stated to the board's In-

- . course of all boys attending thegé schools, and the course in aclence will continue
amall number. of schools In which thie.cur.
ol exgreleed by

K
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SECONDARY, ELEMENTARY, AND TECHNICAL EDUCATION. 11
the board through their regulationx is supplemer::ed by the syatein of inspection
and allows wide freedom to the schools tn devising thelr curricula. .

Apart from the control exercised by the board of educafion, there is the influ-
ence of tradition. 8Suviue grant-earning schuols were at one thne organized
science schools nuder the sclenge and art department. In these schools specific
and considerable requirements :&'0 made by the departinent with regurd to the
time to be glven to sclence, and special grants were paid for sclence teaching,
Theugh these condltious no longer hold, their effect to sowe extent persists. In
the schools which have been established since the act of 1902 science has, from
thie first been included on an equai footing with other subjects us an cssential
element of the curriculuin.

1. The weight which it nttached (o science o the curriculanm varies from
<chool to school, leing dependent on loenl eircumstances—the charncter of the
lu’»‘,\s' aftercareers, the influence of public opinion as refiected fn the views of
school governors, the predilections of thie hend masters, and so forth—but in
rewitrd to graut-carning schools taken as a whole, we feel able to sceept the
as<urance of the reprosemu'tiws of the Asslstunt Masters' Association that
“science occuplies a position in no way infertor to that of any other suhject.”

Indeed, so far as worls beyond the age of 18 Is concerned theré are more
grant-eavhing schools providing organized instruction of an aavanced kind in
spienee apd mathematics than in classics or modern studies. The result Is secn
in the scholarship awards at Cawmbridge. For n large group of ovlleges statistics
covering a period of 10 years show that 249 scholarships and 96 exhibitions were
won in all subjJects by boys from 113 grant-carning schools, and that of thesa
scholurships and exhibitions the number awarded for science (S8 scholarships
and 45 exhihitions) wus larger than for any other subject on which nawards were
ninde. These figures show that the nunther of tlie abler boys who specialize in
sclenee {s a satisfactory piroportion of all those who receive advanced justruction
at grant-earniug schools, . !

12. It must not, however, be assuied that the conditions of science teaching
fn grant-earning schools are wholly satisfactory.

(1) Tt is agreed that entry into grant-earning secondary schools shonid not,
a8 a rule,"be deferred to & later age than 12; but many boys are
admitted at 18 or 14, in some cases unsuitably or {1l prepared, with
the résult that their progress in school subjects is ndversely aflected,
and harm i8 done to those with whom they are classified.

(ii) It i8 even more serions that large numbers leave before completing the

course Tequired to carry them up to the stage marked by a first school

examination eppropriate for boys of about 18. Statistics published
by the Board of Education show that In the three years ending July,

1918, nearly 71 per cent of the fee-paying boys and 49 per cent of the

boys who pald no fees left after having spent less than three yenrs

at & secondary echool; and that 84 per cent of all the boys who left
fn this same period had not attained the age gf 16. The large pro-
portion of boys leaving at this early age Is du® to (1) the parents’
nability or reluctance to forego the wages which boys of 14 can enrn;

(2) the. want of appreciation of the value of secondary education,

even from the point of view of success in after 1¥e; (8) the tradition

of .beginning work at as early an age as possible; (4) the desire of
the boys thembelves to escape from the restraints of school life,
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12 NATURAL SCIENCE TEACHING IN GREAT BRITAIN. ’

on the great mass of their puplls entering at an age which should certalnly
» Tot be later thau 12, and remalning at least to the stage marked by the first
school examination.

(1li) We have alrendy pointed out that in respect of advanced work science
in grant-earning schools stands generully in"a better position than
other subjects. Rut the actual number of sehools providing properly
organized advanced Instruction in science, that i8 to say not merely
glving teaching to lsolated Individuals, is all too small, not from lack
of will on the part of the schools or of abllity to give advanced ii-
struction on the part of the teachers, but chiefly from dearth of puplls
willlug or ablé to remain at school for a further course of instruction
from 16 to 18, Only a very small proportion of boys who attend
grant-earning schools pass on to the unfversities. The resulting e-
ficleney 1un advanced Instruction is perhaps the most serious source
of weakness in these schools. It affects not only the work done in °
the highest forms, but also the whole course, for the existence of a
class of boys carrying the study of science up to a retatively high
standard is a stimuluy &0 the teachers and reacts favorably on the
work throughout.

(l\) If adequate provisiou is to be nmdo buth for the general work of tle

J school and for ndvanced courses, 1t is. clearly necessary that the
&chools should be sultably staffed and equipped. These matters are
further dealt with' in a later section of the report, but we would
here point vut that the scale of staffing is not always sulliciently
generous, and that oftey it Is devised without regard to the fact that
advanced work invdlves a larger proportlon of masters to boys in
the school a8 n whole, Unless this fact is recognized, the work elther
of the ndvunced classes or of the main part of the school Is bound to
sufferr  Inasmuch as the extent of the science instruction wili neces.
sarily vary in different schools, it follows that the requirements of
mch individual school require to be separately cousidered by the re-
eponqlble authorities, B p.

(\) The amount of time to be aliotted to science is not specified fn the
reguintions of the board of education, but must come up to the mini.
aum which the board, having regard to the circumstances of the
school, are prepared to accept. Thoughk in many schools the time
actunliy glfrto sclence fu the third and fourth years of the period
12-16 Amounts to one-fifth of the whole time spent in school, we were
informed that in & conriderable’ number of schools the time for

. sclence might be as little as four three-quarter-hour perfods a week,

' “or even less. In some schools, awing to the pressure of other sub- )1
Jects, the time allotted to aclence has been reduced in recent yenrs,
and the minimum which the board has accepted is in our opinfon tvo

. low to insure that sufficlent Lbportunity is afforded for the carrying

out of a satisfactory ¢ourse. As a consequence of an lnndequnte

.nllomnce of time, eithar physlcs or chemistry 18 not uncommonly

dzopped. at the age of 15, \\lth prejudlclnl results it no other science

subject 18 taken.

(u) Agaln. the scope of the work is orten too restrlcted even within the two

miin subjects to which it is almost untversally confined. Thus im-

_portant branches of physics, such as light or electriclty, may be -

wholly emitted,- and we were Infoimed that in some cases physics

2o R up to’ t.he Age q_t 16 means llttle more thnn Dractical’ heuts - .
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and heat, while In chemistry the theoretical foundations of the sub-
ject are often neglected.

(vit) Further, in spite of the fact that the majority of bO)s leave at or before
16, the schemes of work are often only the initial stages og a plan
whicli will never be completed. They are, in fnct, influenced indi-
rectly by the requirewents of univérsity entrance scholarship exami-
nations, which are designed for those boys who have specialized in
geience. This holds good even in those schools in which few boys In-
tend tago to the universities or remain after the age of 16.

(viit) Lastly, we are in agreement with the view that there might e a greater
differentlation between the curricula of secondary schools in thic more
thickly populated arens where several schools are easily accessible,
There Is rooin indeed for the moditication of curricula sv as to
allow of less time being allotted in some of the schools to the study
of lunguages other than English, and of more tiine being given to
selence, mathematics, manual instruction and drawing (Including
mechanical drawing) in the lust year or two yenrs of the course,
Thix would not be difficult to arrange, at uny rate in those schools
where a large proportion of the boys lenrn only one language other
than lunglisb A curriculuin of this kind is more especially to be de-
sired i schools from which boys pass into engineering and other in-
dustries of a sclentitic character, and might wel be framed with an_
eye to its suitability for pupils. who will enter senior technical schools,”

What we are here suggesting is alloml,\ done in a few schouls, and
we understand that the work as n whole hns become more effective
and is more successful i stimuiating the Interest of the boys just
héenuse it has & more obvious purpose.  We think that the plan might
usefully be extended to a larger number of secondary schools where
tocal circumstances gre favorable, We would go further and suggest
that in some secondary schools no foreign language shauld be co
pulsory. In all schools where no time or only a limited time I8 given \
to the teaching of a madern hlngungé"ﬂ is essential that English sub-
jects should he regnrded as of at least equal fmportance to science
and recelve corresponding attention,

Ti, PUBLIC AND DHEPARATORY S8CHOOL8.

13. In n large number of public schools the practice Is for boys to enter at’
134 to 14, after having spent three or four years at a separate preparatory
school. Some schools have preparatory departments for boys between the K

ages of 9 and 13; but even in these schools the majority of boys over 13 have

come from preparatory schools under separate control,
. s . . . . L)

PUBLIC BCHIOULR,

14. While grant-earning secondary schools are compelled by regulation to ..
make provision for the teaching of science, those public schools which are not
State-alded are under no such obligatlon, except so far as sclence may be pre-
seribed by scheme as part of the curriculum. Forty. or fitty years ago ‘higher
secondary education in this country was ta all Intents and purposes an educa. .’
tion n classics and mathematlcs. Since then it hus come to be recognlzed that -
other gubjects, including oclence. have a claim on school . time-tablés and cur-' S

: rlcnla. The problem ot nndlna room for what are: ‘called mode sub was n@@,
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.may altogether miss Instruction in sclence, Agaln, in certain schools seienee

‘or even to one period a week. The evidence Justifies us in saying that science

" # Bclence Bida” In & few schools the ormoization, tocludes uparate clasafcal, modern,

L
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everywhere dealt with on the same lines. The schools have responded to g
varying extent and in difterent ways to the claimis which have been muade o
educational and utilitarian grounds for the recogultion of subjects formerly
left out of account. Nor is it only in the schools of cvtuparatively-odern foun.
datlon that such claims have found recognitlon.  The ovlider schools, too, hive '«
establixhed luboratories and provided opportuilties for a cousiderable amount 1
of Instruction in science for those buys at least who desire to leurn the sunjecr,
With a view to arriving at the facts with regard to the present position of
&clence in the public schools we issiued at an eurly stage of our proceedings ;
guestionnaire to those schivols which are rvprca"cnuq on the Head Masters
Couference but’ are aot o receipt ol purliamentary grant.  An exdmination of
the duswers shows that while the great majority of these schouls offer artequate
opportunities for the study of sceince o those boys whose pavents deslre i,
thére has in the public schools as a whole heen no generul recognition of the
principle that sclence should form an ersential part of secondary eduecatlon,
1t this principle weve recognized, all Lovs would receive u rensonable amount of
Instruetion in sclence, extending over n suabstantial part of the school coursc.
They do not now. : .

15. The majority of the Larger schosls we wrganizel into separate classical

I modern sides,' the divigion betweett the two gides oxteuding half or rwo-
thirds of the way dowit, or even frow the top to the bottom of the school, On
the wodern side the time given (o scieuce is as & rule adeguate, and full oppor-
tunities are provided for boys who wish to spectalize’ in the subjoect In the
upper forl‘ls, On the clussical side the position is very different. ¥t -vuries,
however, greatly in different schools. In one famobs school uo provision i«
wade for any teaching of science on the classical side a8 part of the regular
school curriculum. Iu another, boys v the classtcal sud modern sides hmve
ocqual 'opport\mltlcs for recelving instruction up to the stage at which specializa-
tion begins., More commonly sonie small provision for sclence I8 made in the
time-table of the lower or widdie furms of the clanslcal side. It shonld he
observed that If the tenching of science on the clussleal side 18 confined to the
lower forms, a clever boy who Is placed on entry high up on the classical side

can be taken In the upper forms of the classical side s an alternative tv n
modern langnage, but here It tends to he neglected by hoys atuing at classical
scholarships. Lastly, where science uppenTs as a necessnry subject in the
classical side curviculum, the thie given to it Is usunlly Mhmited (o two perlods

has recefved scant nttention on the classical sides of the public schools.

18. It is not, however, always realized that In the blgger scliools & Inrge and
increasing majority of the boys are to be found on the modern sides where, as a
rule, the time given to rclence Is reasonable, But any satisfaction that might
concelvably be felt on this score must be largely qualificd by the following con-
siderations. The modern sides In the older public schools are n Inter growih,
orlgﬂ’tlng tn response to a demnnd for au edueation of a vonclassical type, It
can not, however, be sald that up to the present there ham been elfther in the
schools or In the universities any clear conception of modern studies which
might give these sides a meaning and an alm. The teaching of classics has
behing it a longer tradition and is on the whole better understood, with the
result that teachers are on surer ground. It lovks forward to an end which

. ‘e term ' Modern 8iden™ Iy hére umd to Include what Is soshtimes called =

and scietice sides. "In thess the opportuslties for stience ‘lastruction are less on the .~
c M&nuutnn when no ‘separate ecleace side eifste,” . o oY . B
w3l g Xl n
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i clearly marked by the Oxford School of Litere Humanlores or the Cam-
l.ri<_l',.:e Classical Tripos. The modern side teachers, vu the other hand, have
to deal not only with the future candidate for a uuniversity houors degree
science, mnihemutlcs, or modern languages, but with a large number of boys
who will pass divectly into the ranks of commerce or industry. Agaiun, the
classient stdes have all the advantuges of a4 more effective working of the form
system thay Is easily attainable on the modern sides, where the work is so
much distributed among a larger number of masters that no one master sves
sny group of boys for a lavge part of the school week. The wmodern sides
sufter, in fact, frow diversity of etfort and iudetiniteness of aim, and these
couditions do not wake for strenuous work., These wenknesses are aggravated
by the fuet that, for reasons dealt with elwewhere, the classicul sides include
a4 large proportion of the abler hoys, Further, the establishment of modern
sides Dad the unforeseen result of pwoviding an exeuse for the neglect of
scionee on the classical sides. In our view It is n very real defect In public-
school organization that boys chonld in many scheols huve to make thelr cholce
between u classical side in wbich scichee is almost wihiolly néglected and n
moedern slde In which the general educatlonul conditions are 1%
unfavorable. . o

We believe thAt if these defects e to be remadied 1t will be netessary fo
seenre; firstly, that the character of the existing entrance scholarship examl-
nations hoth at the schools and at the colleges of Oxford aud Cambridge should
be altered so as to get pid of the excessive slwvl:nlizntimf by which the work In
all subjects 1s now chinracterized ; secondly. that the aims awd character of a
nodern education shonld he mwore clearly detined, not only in schools but also
at the universities. )

Sehool orgnnization ls still fuwrther complicated by the existence of army
sides to meet the supposed requirements of thos hoys who are competing tor
cudetships at Woolwich and Sandhurst.  In this connection 1t yeems to us most
fmportant that science should be made a compulzory subject for entrance to

many ways

the Royal Military College. for, apart from the Importance of the subject for

an, officer, dealt with elsewhere in our report, the present itherty to neglect [t
would thwart any scheme for a general cdueatioa such as we recommend,
and perpetuate the existence of special, army sldes. We see no reason why
the education of army candidates should differ from the education of other

buys of the same age. oo

4
L] * » * * * 4. e

18. It iz noticenble thut in several of the larger public schools no provision

is made for the tenching of sclence in the lmver forms, which often contain a

snbstantial proportion of the total number of hoys In the school. This implies

that, except in the enre of those boys who, will later specialize 1n sclence, in-

Rtruction in the subject {R confined to a period of twvo years—Ii. e., from about

‘149 to 183, In view of the fact that ln State-alded schools introductory work ing

experimental science i1s comonly hegun at 124, and of the experience of the
Royal Naval College, Oshorne. that ratisfactory work can be done by boys
of this age, we can see no reason in the nature of the subject for the post-
ponement t111 14 or 14} of simlilar work in public schools. We are confirmed
in this opinlon by the evidence of one of the representatives of the Head
Masters' Association, who stated that “between 12 and 18 boys, arrive at a |
stage when they could appreciate experimental investigation,” and added that
“a beginning would then be made with general chemistry and physics.” The
postponement of such work tfll 14} results in lmiting undaly the period over.

-
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wifich science teaching Is given, and setting boys of 143 to do work which s

too elementary for their years.

19. It has already been pointed out that the abler boys at the public schools
tend to pursue a classical course, This Is lurgely due to the influence of (a)
the school entrance scholarship examinations and (b) the entrance scholarship
examinations at the colleges of Oxford and Cambridge.

(a) In the examination for entrance scholarxhips at most of the public
«chools, the papers set in clussics are of such a character that to do well in
them a boy must have devoted mueh more time to this subject than to any
other. As great welght is assigned to these papers, it follows that nmany ot
those who compete for these scholarships have alrendy specialized to a very
considerable extent {n classics, nnd before leaving the preparatory schools have
received a blas which makes them choose clussies as their main subject of
sludy at the public schools and the universitiex, It results from this that (R3]
fome boys whose abilities lie in other divections than classics wiss the en-
courngement which s legitimately attached to the winning of a -scholarship;
(2) others are enticel along a path which dees not lead them to their true
destination; (3) the curricula of wany preparatory schools mo unnaturally
distorted, =

() The system by which entrance .~¢~Iml:u'.-hi|n.~' are distributed among the
different subjeets is not the snme in (he two unfversities, At Oxford the pric-
tice I8 to announce thut a definlte nuwmber wiil be given to natural sciehee and
to each of the other subjects,
scholarships and exlibitions awarded for all subjects at the Oxford colleges
was 1,028 scholarships and 815 exhibitions,  Of these, 115 scholarships and® 59
exhibltions were awarded for science, 630 scholarships and 838 exhibitions for
classies, 122 s('lmlul"shlps and 137 exhibitions for history, 141 scholarships and
61 exhibitions for mathematies, and 61 sehotnrships and exhibitions for other
fubhjects or cotubinntions of subjects.  The number of scholarships and exhibi-
tions awurded for science, 10.6 per cont of all the awards, seems to us far 0o
small in comparixon with those awarded for some other suhjects, and we think

. that an increase in the mnuber would promote the study of sclence at the publi¢
schoola.  As things stunl there Is n definfte findicial inqucement for the nbler
boys to pursne a classfenl course, .

At Cambridge there I8, in general, no mlotuwnt of scholarships to epocl.\l
fubjects before the examiuation, and the number of scholarships jn any sub-
ject is deternilned by the relative peiformance of the: eandidates who™reach
acholarship standard in the several subjects.
 selence is, In respect of entrance scholurships, on an equal footing with other

subjects, For instance, nt thie large group of colféges already mentioned, out

of 885 scholarships and 378 exhibitions in all subjects 228 scholarships and 10)

exhibitions were awarded for science or for seience and mathematics combined.

That a substantial majority of thie abler boys preseat classics as their sub-
Ject 'in the scholarship examinations even at Cainbridge fs e\‘gdent -from the
scholarship end exhlbition statistics of the past 10 years; and, further, the
scholarship winners at'the unlversities are, as might be expected, Iargo‘ly drawn
from those who have already won entrance scholnrahIQs at the public schools.
* * & The signlficance of these facts is unmistakable.
that & considerable majority of the atler boys 1n many ‘of the public schools
pursue a course designed to lead up to university entrance scholarship exam-
Joations In classics, but these abler boys are-to a.large extent directed toward a
course of this kind by the character of the entmnce scholahhip examlnnuons
conducted by the ‘schools themselves.

-

-~ PR L
LS *
= % “w L
«-,kv—;‘;’ RS A A "
B M G s YRS Ty
’*&s aod s

For the period 1006-1915 the total number of .

There is reason to believe that.

Not only is it true *
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We can not think that there {8 any natural distribution of abllity in relatton
to literary and scientific studies which corresponds in any way to the actual
distribution of scholnrshlp n\\ards for these two kinds of study; und it is
hapossible to avold the conclusion that the effect of exlsting entrance scholar-
ship examinations at the public schools 18 to divert to speciallzed literary and
linguistic studies of a particular kind boys who might have been sucecessfut in ~
other tields. In this view we are contirmed by the evidence given hy the heud
waster of Rugby, who remarked * that it was perfectly true that the scholur-
ship system as it was at present worked at schools and the two universites
toxlord and Cambridge) had the effect of encournging hoys to pursue classical
~dies when they might have taken up other subjects.”

University entrance scholarship examinations have”a further effect in that
they Influence the charncter of the science work of the schools fromm which 4
selolnrship enndidates are drawn.  We have already referved to this point in
contectlon with the State-ulded schools: the smme eriticism appiies, though
in i Jess degree, to the public schools, as tley lose nmny‘of their boye-at 18 to 17.

20 We have had some criticisms to nutke on the orgunizatlon and currienta
of public schools, hut it ix o mistake to regurd the publie-school eurriculim
ax sowetbhyg for which head masters must hear the soie responsibility. The
schools are influenced not only by the rbqulrmuent.!' of the uulversities, hut
niso by the changing values which ave attdacbed to different branches of study
and by thie pressure of public opinfon; nnd our main concern must be to secure
tlue ali who guide such opinion should recognpize that a living knowiedge of (he
fucts and principles of science forms an essential purt- of n-\elg well-balanced
erineational, course,

o sum gp. we think it is manifest that so far there has deen uo gencrad
and suflicient recognitton of science as an essential part of (he ecurrienlmin
for all boys in the public schools, that the effect of the scholarship examina tions,
both at (be schools thems<elves wind at the universities, and the Inequulity in
the nuniber and value of the scholarships awarded in different subjects tell
wEninst such recognition ; and that many of the ablest boyg who enter the publie
schools pass on to the universities ignorant of science and with ittle “or no
ldea of its hmportance as a factor in the progress of civilfzation or of fts
influence on humaun thought, -

PREPARATORY SCHOOLS, s

21, For information In regard to preparntory schools we are chiefly in-
debted to the witnesses who spoke for the schools represented on the Axsocin-
tion of Preparatory Scheols and to the sununary of answers to a questionnaire-
virculated by these witnesses hefore they wave evidence,  From these answers
it npbéurs that, in the wnjority of the 307 preparatory schools replying, no pro-
_viston is made for the teaching of sctence (inciuding wnder this head nature
study and practical measurcments) as part _of the regular curriculum. It is
even more significant that, while the report drawn up by the joint committee

" wf the Head Masters' Conference and the Axsoclation of DPreparatory Sechool
Masters and adopted 4n 1916 tncludes an nappendix on  elementary selence o
training. no time is alloted for science tesching in the time-{able suggested for .
prepargtory schools. There ave, in gur opinfon, sound educationnl reasons for ., ! ‘
postponing the beginning of the systemdtic study of chemistry and' physics till '
the age of 12} or 18, apart from the fact that the schools fn-question have not
the necessaty. staff of equipment to undertake work of this kind. But it is
nuch to be regretted that, as an introeduction to more tormal work-'1n gelence, .~ ¢
there, should be no preliminary. mstructlon in nature study. brondl’ interpreted., B b4
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or ln practical mensurements... Furtber, it does not appear that the omlssion
of such teaching s compensated for by increased attention to handwork and
drawing., There is no doubt that in framing thelr curricula the preparatory
schooimasters have heen largely Influenced by the requiretnents of the entrunce
exwininations and entrance scholarship examinations at the public schools,
1t is also clear, from the nnswers to the questionnalre circulated to the publie
schools, that while these exnminations age deslgned to test the knowledge und
ability of boys in English subjects, Fren®h, Latin, mathematies, and sometimes
Greek, knowledge of such science as might properly be taught to boys of pre-
paratory school age Is either not tésted at all or tested only In an Incldentn
manner. Again, until three years ago, nature study was inclnded as an
optional subject in the common entrance examination for public schnols, hur
we. were lnformed by one of the representatives of the Preparatory Schools
Association that “ few candidutes took it, the reason belng that the xubject
wias not required as a condition for entrance into public schools,”

22, Tt s most unfortunate that the curricula of muny prepariatory schools
ghould be so far determined by the examination réguirements of the public
schoots as to lead to the omission or comparative neglect of subjects wleh ure
appropriate elements in & education of hoys of prepyratory school age. Quite
apart from the questlon of examinations, we are of opinfon that ull preparatory
fchools should mmnke regulur provision for the teuchln'g of the elements of
natural sclence with handieraft and drawing. By the elements of natiral
science we here understand what i_s known as nature study, 1. e, physiography
nnd an elementary study of anlmal and plant life, together with practicul
exercises, . .

The ¢lements of natural sclence thus defined should, in our opinlon, he a
necersary subject in the entrance examinations of public schosls,

also recomuend that steps should be taken (o secure that this stthjoeet
should be Included 4n the entrmnce scholurship examinations at public schonls,
ad that fuilure v it should have ns mwuch inttuence as fallure in any other
gubject In disqualifying a candidate for election to a scholnesblp.  There i

it is true, sowme dlmsron(;- of opinlon a8 to the ndvisability of tmposing any

test in sclence for boys of 13 or 14, * ¢ = Experience alone can show
how the difficulties of exnmining hoys of the nge of 13 or 14 in sclenee, nd-

mittedly greater than in -the cuse of classies or narthematies, can hest be-

overconie. - . .

If thie neceseary reforms are to be effected in preparntory school timetables
and currteula, it will be clearly desirnble to secure the maximum anount of
cooperation hetween the head masters of the preparatory schools atd of the
public schools. The estublishment of thesYolat conmnlttee 18 a step fn the rl:ﬁt
direction. We recognize 12 partlicular the efforts which bave been made to
rive more Importance to English subjects In the entrance scholurship examing-
ttong, and we think that, in the hest interests of Iater sclence teaeching, great
Importnnee gshould be attached to =ound work in clementary mathematics nnd
physfeat measurements and to familiarity with the use of dechnals and the
metric system. R

foe » L e " » » .

In our view the exnminations for entrance schotarships, 1f they are to con-
tinue, should be designied malnly totest intelllgence and general ability. They
should not be used primarily for the purpose % picking out Hkely speclalists
in" classics, mathematics, or any other subjects. Nelther should they be of
such & character .as to demanil or favor special’ tntensive proparation. The
evils of the present system would be mitigated by reforms in the ichdracter of
Wi o : R & P - . 5 . s
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the examinations, in particular by a reduction in the rahge and difficulty of
the qnestions set and by the recognition of subjects at present iargely or wholly
{141

. L] L] : (] .. . .

B. Girls’ Schools in England.

24, In considering the facllities for instruction In science which are avail-
ahle for girls of secondary school age, it 1s necessary to refer in the first pluce
to the character and extent of the existing provision of secondary schools
for girls. At present 333 g]ris‘ schools and 224 mixed schools (with a school
population of some 95,000 girls) are in receipt of parliamentary grant. o
adidition, 4 mixed schools and 85 ;:lrlu schools (of which 17 are private schnols,
the remalnder being company or foumlntion schools or schoofs under .the con-
trolb of religlous societies) have heen Inspected by the board of education und
declared *eflicient.”  There Is alsé a large number aof private schools which

“have not heen Mispected, and In regard to which po officlal inforwation is
available! Theré can, indeed, he lttle doubt that private schools play a
mneh lurger part in the educational provision for glrls than for boys.

1n the last 40 years the fdeals of women’r cducation have been raised nnd the
opportunities vastly increased, but there still remalins some uncertainty in the
publte mind, If net in the minds of those hest qualified to speak for edueation,
ns to the nature of the educntion to he provided for girls and the relative im-
portance of the varfous subjects. Some parents still confine their idees of edn- -
cution to the lterary subjects, together with musle and art.

Among the schools, whether .grant earning, ** efficient,” or uninspected, which
provide secondary education for girls, there are a certuln number of welf-known
schools which are nmiove or less comparable to the Iarge public schools for hoys—
scliwolg from which a proportlon of girls normaily pass on to the universities
and other placey 6f higher education. But the custom by which boys are sent
to preparatory and public schools for a course of education extending fron
S or 9 to 18 or 19 i8 not followed to the sume extent in the case of girls, A
certain number of girls of secondnry school age bhelonging to the wenlthier
claxces of the community receive thelr cducation largely or wholly at home;
others spend a short perlod at a secondary day. or boarding school—often a >
private school—and luter go abroud. A considerable proportion of those at-
tending schools in which the éourqo extends over a perlod up to the age of 18
or 19 have not in the past looked foFward to enfering any professional occu-

_ pation: indeed, few professions except that of teaching have been open to them.

There 18 1n consequence proportionately less advanced work done in girls’ than s

in boys' secondary schools of stmilat type.

It can, we think, hardly be questioned that while thie inajority of the parents

of these girls desire or are at leust prepated to acqulesce in a secondary edu-

o4 for their song In whk-h sctence shall find a p)nce. the recognition of .

scifice as an essent!al element In the secondary education’ of girls I8 far less '

general, This applles with even preater force to mathematics. We are not
suggesting that this fmplied distinction between the educational requireinents

of boys and girls In respect of sclence is Justified, cither by the evidence of. -.

psychology or by conﬁh!orutlons based on the cempeting claims of other subjects_

In a erowded curriculum or by the nature of the after careers to which glrlsﬂ

nmy properly lodk forward. We are only calllng attention to the fact thaf;

o mnm‘lnu‘ilv or unmnﬁclmmlv. a dlsunctlon of this kind is not lnfrequently made,

'The same is true ‘ot 8 lage numbcr of. nchooln unaer m control of nllzwuu eom-~ ’

o
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When we turn to conslder the actual position of Bclence. in giris’, gecondary ‘
reliools, it hecomes necessary to point ont that in regard to the great ma jority ‘
of private schools we are unable to speak with any certain knowledge. These
schools exist because they meet n certain public demand. They include some
sehiools of high standing, and, in additlon to the other good work they do, pro-
vide useful opportunities for experlmetits in education. but it can scarcely i
be doubted thut they are more likely to be influenced by that traditlonal con. '
eeplion of gigls' secondary education which lnys special stress on tngunzes,
llterature, and art, and are less ltkely to be adequately equipped for (e teaching
of =cience than schools which are in receipt of publig funds, We were not, indeem) |
surprised to learn: from the representatives of the Asxsociation of Sch-)u_-u
CTeachers?® that n a lurge number of private schools science was nltom‘hvr
omitted from the currlculum. e

25, In the btmportant: group of sémndury schools o recelpt of grant it is
noticeuble that the regulations of the hoard of ednchition require that provision
shoutd be made for the u-m-ging of science, inciuding practieal, work, bnt allow
) girls who bhave reached the age of 15 to omit sclence or mathemwaties (ahet

than artthmetic)in order to take an approved cotirge fn domestic snlijw-ls.
From the evidenee before us, it appears that [n inspected giris® schools the time
given to science between 12 nud 16 Is not, more on an average than 2 hours per
week, rpresenting one-tenth or less ot the whole tine spent in schood,  Fxeept
fn the torms prepuring for an examination, such as the senior local, it is guite
commaonly 14 hours per week. ‘That a much smaller amount of time fs given tn .
xeienee In girls' schools then in boys' schools M due to various causes. (i) The
shorter schonl week, the increased pressure on (Ktlnu\.-mhld caused by the
, lueclusion of domestic subjects, and the greater aWeution given to musie aud
drawing; (1) the lack in some schools of ndequaute Ii]l»()ﬁll«ll'y neeomniodation
(i) a shortage of tenchers qualitled to tench science, ¢ ¢ *

I the memoramhn of evidence submitted by the Assoctation -of Scienve
Teuchers lesds suggested that between tie ages of 12 and 16 not less than one-
seventh of the total gehool time—say three hours—shoyld be devoted to scicive.
We think this is desiruble if serfons attention 18 to be glven to sclence fnstrne-
tion in girls' schools. Bt it s necessarg to add that the representativis of
the Axsociution of IHend Mistresves, who were no less nnxlous that science
should be regarded as an essential eletnent in the secondney currleulnm for <
girls, thought * it wuuld Le diflicult to tind the thne for ather subjeets 1f tiee
hours a week were allotted to science as proposed by the Assoclation of Sciepee
Teachers.”™  Under the clremmstances 1t Is difticult to make n recommendation
-which can be carrled out in all types of schools, * ¢ o . ‘

28. There ean be no doubt that the problem-of the envriculum fs more ditli-
cult In girls’ schools than in boys' schools, Existing ;.:ll'l.:"svhouls have for
the most bnrt grown up durlng a period whieh has seen a great Increase in
the number and varlety of the callings followed by women. Despite the -
creasing prominence of thesk voentionul alms, 1t fs stlll true that the currieu-
A réemaing =omething of u confpromise, between conflicting tdeals for, wonnn's

f - education. . It Is not within our reference to deal wifh the Iarger .qu(‘.\‘tlnu's fu- 1
: volved, but we feel bound to express our opinton that there is real need at the |
E, . present time, both for a clearer definition on the part of those prlnclpuk‘\' con-
T e ocrned of the scope and aims of secondary education for girls and for a fl\-‘nnkor

e o . B

’

' recognition of the Nmitatlons 1mposed by the shorter school week, Welba
* faced these limitations by acquiescing in a smaller minimum of time for selence
é;:u .0 .2 This ls an assoclation of women teachery, wainly in secondary schooly, . | °
B Lo T .o S . o ° ©° 8o
] ~
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7

fol girls thRn "&r boys; even this 18 an increase on the time cnmmonl\ glven
al present.al: 1t is possibly outside our province to make proposals for the con-
seqent mljux(nwm of the time-table, but in view of the importance of the
mutier two suggestions may be thrown out:

(1) In many giris’ schools (and indeed 1o many boy# schools also) a greater
amount of the I8 devoted to the study of mathematics than is really
needed (o attain the standard-aimed at. This is lurgely due to the
division of the subject, for teaching purposes, into three comjpuirt-
uwients—arithmetie, geometry, nlgebra—often taught to the sume class
by different tenchers. Experience has shown that the ground can be
eovered at a much more rapld rate if the subject of mathematics is
treated as a whole, and that a shorter time suffices 1f the mathemat}end
mistress can distribute it as she thinks fit.  StIn gredter savifig of
thue con be effected if scelence and muthenuitios are taught fn proper -
relation to one another, ) .

(i) In schools which keep the greater proportiqn of thelr girls to the age
of-18. soe time might be <pured from other subjects in the 12 to 16
perfoil.  This could he fully compensated for by ®iving Increased ut-

s tentlon to these subjeets In the 16 to 18 perlod.

27, With regard to the gencral conditions affecting the eguention given in
prant-eareIng girks' schools, the obServations we have made in scetion 12 in
counecton with hm\ schools on the desirnhility of scenring cavly entry and
a longer school life” upply equally to schools for girls,  The stutisties pmb-
lished by the bourd of education show that o the three years ending Jutya
1013, nearly 70 per cent of the glrls who puy fees and nearly 24 per cent of
those who do nout left_sfter having spent less than three years at a secondary
sthool, and that 20 per cent of ull the girly wha left did 80 before they had
artained the age of 15, These figures, though far from satigfactory, are an
improvement on those quotéd for boys, the reason probably being that girls
of thut age have been less In demund us w age eurners, ind that more of them
rebmin ut school in order to prepure for the tedehing profession,

230 Turning to the nature of the sclence te aehing whicl - is actunlly pm\i:h-l

in fuspected glrls schools, we find that, uftol’ course of nature study tn the

carller-years, and elementary physles and chemistry between 12 rnd 14, botany .

is the wl)j(‘(t taken from 14 or 15 onwards fn the majority of schodls. The
member of schools in which there is nny serfotis {enching of physics s apart from
th+ tntrodugtory work between 12 and 14 Is quite fnsignificant.  Advanced wor k
tikes the form of botany, or, less usunily, chemistry, or both of thesc. subjects.
“‘I'here hds been a striking improvéfient in the tenching of botany in the Ilast
10 years, due to the greater insistence on the physiologicnd aspects of the sub-
Jeet for which the ehrlier introductory study of physics and chemlstry is a
necessary basls, The continued prevatence of hotuny~ s the chief science b
Jeer in girls’ schoots, and the position formerly held by deseriptive botany us
“the sole sclence subject In many schools, ean be expluined by the Lellef thpt
1he snhject 18 In itself better suited to girls than sclences which demand some
knewledge of mathematics, aned also by the ubsence in some schools of adequute
uccommodatlon for work in experimental science. These conditions explaln rhat
“geneera) neglect of physics tn girls’ schools to which our attentlon was called
by 1ore than_one Mtnoss. It was strongly urged upon us that the neglect ot
Ihysies in these schools 18 much. to be regrettedt, not only In virtue »f the fin- .
Jortance and iuterest of this branch of natural knowledge, but also Lecause
Irnorance of physics 8 n hindrance tothe praper training.of future sélence
lmchers and a serlous lmpedlment ln the \\ny ot ln!l-easlng the. number ‘of .

+
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wonien .who look forward to entering {he medical profession. ‘J‘? 'hihk these

considerutians deserve serlous notice. T8
B s . . . . .

80 The geherdl conditions of sclence teaching in girls’ schools are les]
. favorable than in slmllnr schools for boys; and 1t would appear that, despite
the progress made In recent years, the results mre'less satisfactory. We feel,
indeed, that there is need for a tuller reallzation than has so far existed of the
“iufportauce of science in the secondary education of girls. Every young mind,
* whether of boy or girl, should be led to appreclate the wide field of Interest
opened out by the study of natural science and should be trained to understand :
and apply the metlrods of scienfific reasoning and Investigation. Moreover,
Mthout wishing io press too far the claims of vocutional instruction, we would
point out that, in connection with a lagge number of the after careers follownd
by women, a knowledge of natural science and a training fn scientiic method
i8 much to be desired. We are thinking not only of those girls who are destinemd
to undertake sclence teaching or to enter the medical profession and closely
ailied careers; there will be\many others who will take up industrial research,
different types of social work actory inspection, welifare work, sanltary inspec-
tion, health visitiog, etc.; others again will pe malnly (oucerned wlth dowestic
duties, For all a training In science is lnvaluuble.

22 _ NA'!'U_n_A';."scimcx,mcnmo.m-mﬂ anrﬁ‘m*

i

GENERAL EDUCATION IN" A SECONDARY SCHOOL.

81. We consider that the best preparntlon for any occupation or profession
is a general education up to the stage reached- by the average boy at the age of
18, followed, where possible, by a more speclnllzed course on 8 limited range of
sitbjects. This general education should provide no;mally “tor the study of
’ Eriglish, including history and geography, languages other than English, mathe-
) Wtuml sclence; each of these subjects should be regarded as an
P e integra f the education of both boys and girls, and a fair balance shouhl
Int waintained Between the time aliotted to them. We are supported 1u this
view by the unanimous testimony of all the witnesses who have glven evidence
, on this point,
It is contended by some that a general education need not include all these
- sihjects; there I8, however, no consensus of opinion in favor of the omission uf
i any obe of them. We have ourselves suggested that there might well be some  »
g s(‘h«)olx dolng work of o recondary grade In which no foreign langunge would be
compulsory. (See #ecs. 12 (Vi) and 96.)

The polnt 18 sometimes made that the study of sclence dan he more effectively
pursued if it fs taken up In the later stnzeq of school life. ’I‘hlq may be true
for the boy of murked ahility who at a certain stage throws hls whole encrgles
Into the tutensive study of sclence. -But we arc concerned with the education
of the citizen, with the diffusion of selentific conceptions and the habit of mind
their study induces among the general mass of the educated population. If the
nrnctlce were adopted of meking no proviston for the study of sclence till 16 or
Infer, the majority of students would miss the opportunlty of galning any
. -7 knowladge of the subject: g Q

‘We suggest that for boys’ schools when the secondary 8cthol® courre covers a
nerlod of four years; frori 12 to- ‘18, the time given to sclence shouhl be not leg
\han four perfods in the first year, nof on the average less than six peglods in ™
Cerich of-the following three years. When the course hegins at a later age not
s lmi thah six periéds- §id eﬂch year will be requived.’ It may be convenient at

L sowe ltagea to give more than six- perlods. ut others.less, hut we comhfer that L5
S _tgm léds than’ an Aﬁerm -of -lx pertodn at (he hter swm wm prov!de for %
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.

a satjsfaktory training In natoral science. It fs not within our reference to
gest the minhuuin time to be given to other subjects, but we bhave satisfied
selves that the time we have suggested for sciencé {s compatible with English

. and muthematlce recelving as much time as they bave hitherto done in the
great ma jority of schools ln this country, that It would admit of attalnment by
the age of 18 of a substantial knowledge of two foreign languages if the study
of one of them is beguo at an early age, and that students with gpecial lingulistic
ahitity should be able to make good progress in a third. In addition, we think
that time would be avallable for the study of such subjects as drawing and
wsic ahd for manual tralnlng,

32. A practical and technical cousequence of the establishment of a general
conrse for all boys up to the age of about 18 would be the abolition of the exist-
fne division into sldes now so usual in the larger schooll This would fnvolve
tlre provision in the maln block of the school of a 8y steth of uptiomLor alterna.-
ti%s. The last thing we would suggest s that there should be for all boys, even
in the sirme school and during the stage ending at 16, one cast-lron-enrriculumns.
As long as the dlvision into «Idos.‘pen;hrs. not only is a bias inevitably given to

but it i3 very difRcult to prevent the Intellectual strength of the school being
conceatrated on one ride, -

INSPECTION OF SCHOOLS,

33. We recommend that sgstematic Instruction tn science should be part of
the geueral course of education up to I8 in every secondary school, and that
sclence should be inciuded among the compuisory subjects for the first school
examinatlon. . We do rot, however, think thnt examination by itself will be
ahle to secure the efficlent teaching of science in schools, and we are strongly

sdonce in partlcular that all schools should he Inspected
. . . [ . 3
Privislon i made in the education bill for * requiring particuiars from wvery
school or educational Institution.” but we.think that this collection of inforina-

uatiore of the edu offered by the school. The information supplied l»y
the school must be checked and its value detennlned by lndependent lnspectlon.
. L] o . L4

The tabk s not Insupernblo and much of the work .0f inspectlon is alrpady
done, ®* * ¢ The mnount of science taught at thwo schools may require
,to be increased or its quality improved, but it Is not here that entire absence of
such teaching wili be found. The grnnt-omning schonia are all fully luspecu\d
by the Board of Hducation, and the fullest fnformatlon concerning (hem is
ohtmnhble There are, however, many schools for boys, and even more for
girls, which are under no obligation whatever to provide any Instructlon in
sclence.  Many of thesq, ng a watter of fact, elther do not teach the subject at
all or teach it in & most Incomnplete and unsatizfactory manner, In the natlonatl
[nferest it isessentind thut this neglect ghould he remodied and to this end we
strongly urge the intraduction of mmpu!nory fnspection. We consider that thls
shonld be applied fmpartially and that no dlwc‘llnmlou should be made in
favor of any one Class of schools.

It. heen urged on behalf of prlvnte schools that much vnlunble pmgress
- in education is due to experiments .made in schools where the teachers have
bech free o dluregard tradition and convention and to tollow the promptlnga

B ;6: thet( own: gent But lb ls hot school& ot thls type whlch would bedmcked

a boy'geducation, involving some‘tlmes the sacrifice of his abllities and tastes,_

of opinfop that it would be in the intervfts of education in general and of .

™  tion {8 not sumclewnnble an effective judgment to be formed as to the
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or extinguished by inspectlon. The ohject of modérn fnspection i not to im-
pose uniformity or to destroy individual effort, but rather to obtain and record
information as to the work and efficiency of the schools and to give advice,
based on a wide experience in other schools. -
We recommend— -
(I) That periodical inspection should be compulsory on all schools.
(II) That this inspection should be under the direction of- the'State.

. L] [ [ ] ® * 0 *

.

THE FIRST SCHOOL EXAMINATION. .
34. At the compietion of the general course of study at a secondary school .
there should be an exainination to test the results of the Instruction glven in
English subjects, languages, mathematics, and science. Theousslng of an ex.
muination In some of the subjects of general education is requlred nsa"c(m(ll
tion of admission to most of the professions and to the univers
present the numbeér of such examinatlons {s large; the differences betwoeen
them are not of educatipnal fnportance, though enou;,h to cause a great wisie
of .time and enmergy. A system of examination; suffigdently elastic to e
Alverse requirements dnd at the snme time s r coordinated that proficteny,
Iu secondary school subjects could be tested by any’one of them would hnnc
about a real and valuahle eimplification for the schoals, provided that the
resuits were accepted so far as they went by the universities and profe&wn\
3 We are of opinlon that, subject to one lmporfsnt wodification, the first schuoal
. examlmation proposed by the Board of Education is well sufted fom this
P purpose, . - )
» 33. In the scheme outlined by the board the subjects for examination nre
n'euted as falling Into three main groups: (I) English subjoclw (IT) tan
runges, (II1) science and. mathematics, and (IV) a subsidiary - ‘group con-
tafning drawing, music, mannual instruction, housecraft, etc. Every candidate
will be expected to show a rensnnable amount of attainment in the first thre
of these groups—the group of subjects, wnd not the individual subject, being
the unit jn respect of which success or failure will be determined. It win b
s»en that natural sclence and mathematics nre placed together in the snwme

e group. and it would appear as the propoesals now stand that a candidate might
pass in this group, even 1f lie dild not present himself In scienee at all,

L We conslder that it is esstinl that every boy shonld be required to satisfy
»‘x , the examiners both in sclence and In mathematics, supdagt to the generous ap-

plicatioh of the priuciple of compensation herelnafter mentioned. In mnny
boys' echools the teaching of muthematics throughout the school is much more
dev#loped than thnt of science, and there will, If sclence 1s not cequired, he
a tendency to concentmte on mathematics and to neglect the toachlng of *
sclence. If teachers and boys know that while it is necessary to puss In Eng
llsh aubjects and in a foreign lnnguage the omission of oither mathematics
oF aclence does not involve fullure in the exnmination, it ls qulte safe to pre-
dlet’ that one or other of " these subjects will recelve less attention;end the
mbjoct whlch is the more costly to equip. (md in some ways the mere difficulis
“td teach 18 likely to be the one which’wiil suffer,

© 1868."To make any subject coinpulsory i an examination ln ‘order to guard
ugalnat its, neglect is-not the idenl method .of . obtalning the best education,
bht 1n. the preoent condmon of affairs it seema to be the most efficacious menns
wé e.n nnd s oo '.l‘he etfect ot thc'*present treedom u lndlmted by the

.  lowiif %um{ua. At the l@hool ettt exa
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Cambridge board i July, 1917, which 1s taken mainly by the publlc schouls,
out of 899 boys only 228 offered one or more science subjects.

It 18 proposed in some quarters that “In inspected schools boyas should be,
vertified by the science master as having taken a proper course and reached a
satisfactory stundard In science” But we have had no satiafactory reason
presented to us for the treatment of sclence In a different way.from all other
school subjects In respect to cxaminations, and even if suth ground were

éshown we should find it impossible to recommend the adoption ,of this plan.
The luequalitles of experience among teachers would render it almost impos-
sible to attain any common standard of judgment.
. v . . . . .

The examination should he regarded as a test of satlsfactory work during
‘the puptls’ school course and should be of such a character that it can f)e
taken without any speciul preparation which would interfere with that course.
The work of each candidate in the exaimination should be regarded ns a whoie,
Lunl the principle of compensatton shou.l(l be recognized both hetween the dif-
ferent groups, inciuding group (IV) and the different subjects of the sume

group. By this we mean that comparative wellkness in one part of the extn-

inatlon should not necessarliy involve fallure if the candidate has done mny
#ood work in other parts.

37. We recommend that in the'first cxamihation there, ehould be as¥close
cooperation as possible hetween teachers and ewmlnerq \'ot only should jhe
examination be adapted to the curdenlum of the partlcular schook but great
weight should be attached to the teucher's estimate of the merits of the
pupilgand to their school record. An examination conducted on these lines
would not have the effect often ascribed to external examinations of cramping
the curriculum, but would perinit of all -reasonuble freedom of teaching. Nor
conid it be fuirly sald to discournge either wide variation in types of cvrrlculn
or liberty for educatignal experhments, * . . &

8. There is much difference of «-plnlon on the questlon whether any modi-
ficntion of the nrrangeients is needed tor girlze On the one hand representa-
tives of the Head Mistresses' Association stated that the aesociation. was
upposed to making- mathemuties a compulsory subject in the examination, but
felt less Qifficulty about compulsory sclence. On the other .hand, representatives
of the Associatlon of Sclence Teachers thought ‘that all girls should be re-
quired, for a mere pass in thesexamination, to satisfy the exuminets in sclence

und sarithmetic, and that for « pags with credit in n'mthemutlcs a knowledyw |

of algebra and eometry should be required. It success in the examination
ix to"carry the sume privileges for bO\s and for giris, it s ifficult to see that
vuriation of its essentlal features ¥ posslhle We are- therefore of opinion’
that the minimun requirements for pussing the firat exnmination should be
“the spme for girls as for bdys. 1f ft is urced that the Inrgest amount of thme
which our witnesses have demanded for science in girls’ schools (see sec. 25)
I+ not more thun what f8 now_regarded as inudequate for boys' schools, we
would point out that many giris will take the examinution at a somewhat Inter,
age than boys and that the wisd ‘Wpplication of the principle of compensation
cliould meet any remaining Aifficulty, especlally lt sufficlent nttentlon is pald to
proficlency in. the subjects of group (IV): ,

30. W¢& concur with the proposat of the Board of Bducation t.hat a certificnte
should be given to thosewho paxe this examination, and-that on the certificiite
only .those subjects should ‘be recorded in which the student has reached =
. Tecognized standard: considerably higher than that required for. - ere pass.
" The bonrd :proposes. thét & full ¢ertmcate bearing the narm ¢

s e -..-—...___—,-’—w—q
& LS 3 i
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particulars a5 to the course pursued at it should be given only to candidates

who have followed dn approved course at a school inspected by the board and

recognized as * efficferit,” and that other candidates shoyld recetve s certificate .
stating only that they had passed the examination. This latter proposal seems

to us to require consideration lu relation to two classes of cundidates, those

who have attended secondary schools ‘which have not been inspected by the

-Board of Education, and those who have not attended secondary schools at all.

[ ] [ [ ] ® [ [ [ ]

40. The proposnls of the board f education are hased on the view, with
which we are In zwﬁﬁ'd that examinatlons sbouid be determined by curriculn,
not curricuia bf\ examinations. It is difficult tq declde how far an examinu-
tion designed to syitthe curticuls of existing-secondary schools and intended
for pupils of .about .the age of 18 who have followed an approved course in
those achools .would be sultable f()r’othel puplis. . There are already pupils
who have followed approved courses in schools not mow technically describad
as secondary schools, hut who might quite properly tunke a simiiar examina-
tion. The abolition in the ue{]r,future of al exemptions froin elementiry
school attendance until the age of 14 is reached, und the establishment of comi-
pulsory part-time continuation schools, P to 18 would provide n class of pupiis
who, though they have not attended secondary schools, have had » continunus
course of fnstruction in approved schools. An examination analogous to the
first school examination, and carrying the same privileges, might with ad-
vantage be establlshed for this class—an examlination which would be open, for
example, to pupils who had attended centrai schools and junior technleul
schools.,

—

CONTENT OF THE SCIENCE COURSE, 12 TO 186,

41. The question of the chojce of the science subjects to Be Included in a
school course and of the method of teaching thexe subjects Is so importunt
that somewhat detailed conslderation of the problem is necessary.

- We have recominended elsewhere that science should form part of the schoal

»* course for all boys and girls up to the age of 16, and .that more time should

be given to it than is at present usual. But these recomuiendations must mot
be tpken to mem"&h_gtx__\:'e should like to sce a great exténslon of sciencs’
teaching exactly on thé lines now customary. We corslder that the conven-
tional curriculum is in grent need of -reform, in respect of two finportnut
points: (@) The choice of snbjects to be included and (b) the manner of
" treating them.
.(@) At present the curriculum up (o the age of 16 In a large number
of boys’ scheols consists of nature study in the lowest forms, followed by n
laboratory course in at least one branch of physics and in chemistry ; “in
very few boys’ schools i8 there any attempt to give a knowledge of the mnin
facts of the life of plants gnd animails. Physics and chemistry must, we
think, continue to be the fundamental sulijects in the school curriculuin, be-
cause every other science requires sotne knowledge of them, and also becaus¢
no other sclence lends itself so well to'a study of experimental method under
the limitations. of time which are inevitable In sehool! work; but no boy .
shouid leave school ‘with the idea that sclence consiats of Chemistry and
ph.yllm alones - 0
It {8 agreed on almost all hands that the cuutomary course, which is a
mwth of the lut 20 years, has become to0 narrow,.not only because physicy
“n unu-‘chemlnm lte the'onluy oclences lncluded igt it,-but’ because: the chotee of
‘Nubject: :

o
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of touch. with the many appllcat‘lons of sclence. The principles are often taught
without” reference to the phenomena of nature which they expinin; the course
does not satisfy the natural curiosity of the puplls; it may give them some
knowledge of laboratory methods, but little idea of wider “genernlizations,
such as the principle of the conservation of energy, which are quite within
their powers of comprehension, Agsain, In many schools the course {s planned
as if its sole object were to lay the foundations for specinlized study in sclvnce
ut a later period BRut if nothking s built on these foundations the time may
have been speut to little purpose; many hoys will give up the study of sclence

when they know but little of the sclentitic principles which undeérlfe the most = ¢

R ]

- famstliar natural. phenomeng, or of the most important applications of science

to the smervice of man. Thelr position I3 analogous to that of a student of a
langunge who stops after learaing some of the graminar without acquiring any
knowledge of tlie literature,

43. (b)Y For the last 20 years the atfention paid to laboratory work has been

un outstanding feature of the science teaching in English schools, and results

of great value have arisen from it. We need not go back muany years to reach
u time when there was little pructlc*ork in schools: and any science that
was done, apart from chemistry, was taught by class lessons, or by lectures
with occarional demonstrations of experiments by the teacher. The practlc_al
work tn chemistry consisted of exerciser in qualitative analysis; it had little
bearing on the rest of the work,and could be learned, up to a certain point,
by routine method& : . S

But i the last 20 years circamstances have sltered: laboratories have mul-
tiplied. and it has become the practice to make the lahoratory work the central
feature in school science. This change of point of view has had both good
and bad resuits. On the one band it bas brought home to many boys and ghjs
the fundamental notion of an experimental science, that the answers to ques-
tims on its subject matter can be got directly by experiments which they can
d. themselves; they have seen Now a series of experiments leads up to 'a
resuit, how the result of one experiment suggests thnt another is needed; they
have, in fact, learned s'ognothlng of the experimental method of the sciences.
Such teacbing und experience i3 of the greatest value, and any change which
would dimlnish its effectivencss would be a step in the wrong direction.

Rut on the other hund there have been unfortunate consequences; many

teachers have becowe so doninated by the idea of the supreme value of experi-

mental work that they haye left on one side and neglected those sclences which
do not lend thermaselves to experimental treatment in school; the tendency has
been to restrict the work to parts of physics and chemistry in which the boys
cin do experiments for themselves. We are driven to the cosclusions that in
winy schools more time i8 spent in laboratory \vork‘ than e results obtained’

can justify, We do not underrate the importance of such work; on the con-
trary, we regard it as an essential.part of sclence teaching, But sometimes.

the performance of laboratory,exercises has been considered too much an end

in itself—such an exercise loses the educational value of a real experiment

when 1t becomes a plece of drill ; often exercises succeed each other without
forming parf of a continuous or considered scheme for building up a -boy's
knowledge-of his. subject. "Sometimes a very imperfect experiment is done by
ull the puplls, when the point which It brings out could be be{ter fllustrated.
by an experlment performed by the teacher, on a scale and In'a manner which
would not be possible for . the whiole form. Ihsistence on the view that experi-
m«nts by.the class must eiways be preferred to demonstrution experlmenh

_leuus to (rett waste, o! ume and provldes nn lnterlor. snbstltute. 'l‘he Umo.
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m\ined by some diminution in the nvmber of experiments done, and especially
by ‘avoidance of unnevessary repetition of experiments of the sanme type, conld
be well used in establishing®n the pupils’ minds a more real cgnuection be-
tween their experimenty and the general prinéiples of the science or the re-
lated facts of everyday life,

Much of this waste of time is due to a consclentious desire of the teachery
to encouruge the spirit of lnquiry by following the so-called heuristic method
the pupils are 'nupp«med to discover by their own experiments, with ittle ar
no suggestion from the teacher, the rolutions of probiems set to them or of

-'problems which they themselves suggest. The spirit of inquiry should run

through the whole of" the science work, and everything shouid be done to en-
courage it, but it seems clear that the heuristic method can never he the main
method by which the pupil acquires scfentific training and knowledge. He cun
not expect to redjxcn\er In his school hours all that he may fairly he expectod
to know; to insist that be should try to de this is to waste his thne and his
opportunities. . A.

4. Some of the defects of school canrses are aseribed to the influence of
external examiuations in limiting the freedom of the teacher to choose his
nmterial and to treat it in the way suitable to local couditions or the specinl
needs of bis  form. 1In all exzminations, especially if they are competitive,
there I8 a tendency to set guestions of such a character that there wduid he
no serfous- difference between the murking of. different examinera, In an ex-
aminuntion In eleyentary scleirce the qguexttons on general principles are ad-
mittedly more difficult to mark than those which ure of the nature of litte
fus, ruch, for exyinple, us to calculute the change in temperature when a
plece of hot motul‘\s dropped into a vemsel of water. The resuit of this ix

“that the questlons tend to concentrate on a limited runge of subjects, which are

not of the highest educational value, und in which the mujority of students finl
but little to lntorest them, .

But examinations cun not be blamed for all the faults which have heeu
polnted out to us; It seems certala that a great part df the difficulty” arisesx
from the fact that the teachers, from lnck of training and of knowledge of the
methods of other teachers, tend.to go on leaching as they were taught them-
sehes. and thus the wirk becomes stereotyped.

- 40. Much stress has been laid in the evidence before us on the need for
correlation of school teaching in mathematics sand natural sclence. There ix
evidently a strong fecling, both umdng school tenchers and among those who
have to desl with the products of the secondary schools st the universities
und in the industries, that both suh_lects would gain if they were taught “with
.more reference to each other, and, so far as possible, by the same teachers,

@At present it is easier to get 8 sclence muster who {8 able to teach elementary

‘mathematics than & muthemntlml aster with a mrre%po*dlng knowledge of
lu‘lence but few schools ean spnre a selence master for nny part of the mathe-
mntlcal work, The need for cooperation s not felt only on the side of the
natural sclences; the committee of the mathematical association expressges the
views that effective correlation betweer the two subjects {s rare and is not
lncmumg, that an {deal arrangement would assign the teaching of mathe-
tiitles  and of ‘physics largely to the same masters, and that the education
of teachera of mathematics should be conducted with this end in view,

“We agree that' there dre very great advantages in putting the teaching of
mathématies and physles to boys up to the age of 16 Into the hands of the
Ay ster, . It would, we consider, improve the teaching in both gubjects
1'5 givlnx polnt to the mnthematleu lnd precmon to the phydu lt would also
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incrense the time the boy spent with this master, whose influence and oppor-
tuntties would be considerably enhanced.

Any want of coordination between science and mathematics h. * a particu-
larly unfortunate effect on the teaching of mechanics. This subjeci 's rightly
regnrded as of the greatest -importance. It 18 the basis of most parts of
jhysics, and most schools make some provisien for teacbing it, efthe~ ux a
hranch of mathemutics or as an experimental subject, or from both poi. ts of
view ; hut the evidence we have received indicates that in a considerable num-
her of schools the results obtained are far from satisfuctory. This 18 much
1 e regretted, for the subject is especially suitabld for training the student
ta use his mathematics and to apply it to the problems which he may bave

_ti fuce. The power of doing this i8 a very viluable nsset for those who will

tweoine engineers or be occupied with other applications of science to industry,
while, apart from this aspect; it affords a mental training of the highest hin-
prtanee and gives to many an intercat in mathematics and a grip of its prip-
¢iples which without it thev would never acquire.
. . R * . * -

i7. A general course In science should fulfill two fu;)vllons: (a) It should
train the mind of the student to reason abaut things which he has ohserved
for himself and develop his powers uf weighing and interpreting evidence;
(b1 it should .aiso make bim acquainted with the broad outlines of great scl:
entific principles, with the way in which these principles are exemplified tn
fumilinr phenomena and with their applications to the service of man. 'the
evidence we have recefved showr that there (s » tendency to overemphasize the
first of these functions and to neglect unduly the second. We think jt essen-
tial that the fmportance of both ubjects should be recognized, and that the
chofee of the subjects to be studied and of the method of ‘natruction adeopted
should be made with both ehjects in view., The tralning for the first of these
functions must be given by practical work in the laboratory. The second «un
best be carried out by demonstration lessons from the teacher, together with
rractical work in the Inboratory planned to Hlustrate the principles discussed
W the lecture; kiboratory work ulene Is not sufficient. We are of opinlfon
that this plan would not tmpalr the vficlency of the sclence teaching ng
training in reasoning and observation. The nge of the pupils and the time ut
their disposal make it Jimpossible to include more than a limited range of sub-

" Jects in the course. but the need for enreful urrungement to avold waste of

time only becomes the groater on this aceount.

The very last thing we should wish is to lay down a hard and fast rule
which would stereotype sclence teaching throughout the apuntry. We think it
essential that the teacher shonld be allowed as much freedom “F possible in
his choice of method, ind thnt he will prohably get the hest results with the one
which he himself prefers. He shonld, however, realize that the power of set-
tling for birnelt the particular course he adopts carries with it greater respon-

* sibility for seeing that It i< the best which ean be deviced under the clrcum-

stances of the school. -

48 In framing & conrse in sefence for hoys up to the oge of 16 it should be
mugnhed thut for many this will be the nin, for some the only, oppartunity
of obtalning a knowledge of science, und that the course shoild therefore he
self-contained and designed so as to give np?@ial nttgntlon to those natural
phenomena which are_matters of everyday expe leuce in fine, that thé sclence
taught in it shonld be kept s closely connecte humnn Interests a8 pos.

of sdence. such as aeroplahes..steum englnes. irele
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) and the llke, should be utilized to the fullest. extent. There are great advau.

' tages in introducing the study of the princlples of science by starting from a
muchine or a striking physical phenomenon and waorking backwards to the prin-
ciple, rather than by starting from the abstract and proceeding to the con-
crete; such a method 18 in no way inconsistent with a logical and continuous
development of the subject. The advantage of the iePhod is thut the impetis
due to a boy’s interest in the subject helps to carry him through the fessous,
while 1n the ordinary method Interest may be aroused only after the lessus
are nearly completed. This method is in many respects analogous to that which

- has been introduced in the teaching of mathematics, where the old plan of
beginning with a series of axloms and definitions and then deducing the proper-
ties of triangles and circles has been superseded by a course whigh begins by
making the boys famlliar with the properties of these figures, eaving the
logical deductions from the axioms and definftions to a later stage.

48. (I) Preliminary Course. There s general agreement among Relence
teachers that the best preparation for the study of scfence at secondary schooly
is n course of nature study up to the age of 12. This course should be of hg
practical a character as pussible and should aim at arousing an interest i
natural phenomena and developing the powers of ohservation. Full use should
be niade of the opportunities afforded by the school garden to make the pupits
noquainted with the spirit of scientific investigation. We attach great Ampor-
tance at this stage to manual training, both for the sake of the dls(‘ipnne it
supplies for hand and eye and as making an excellent introduction to laboratory
work. - We think that advantage should be taken of the opportunities which
nuture study and manual trainimg afford for practice in free-hand drawing
and drawing to scale. Krom the evidence we have received we have come to
the conclusion tbat at present the teaching of nature study ts far from satls- -
factory and demands immediate attentlon. In some schools It is quite ad-

. milrable; in many, however, it I8 worthless and Is froqucntly given by those
who take but little interest in this subject.

We have been informed that the teaching of elementary physlcs aud chemisiry
in the publlc schools is often hampered by the fact that the boys are il
prepared In arithmetic and want practice in mental arithmetic; that they Inck
facility in mnking calculations, have an uncertain knowledge of declmqls and

\_of the metric s;stem. and have no clear understgnding of the meaning of meas-
uremeut. The rlght remedy lies in a more Intelligent treatment of arithmetic
. und _handwork In. the preparatory schuols. Advantage should be taken of the
C opportunltleﬂ afforded by lessons on arithinetic, geometry, geography, and hund-
work to {ntroduce the idea vf measurement, to glve practicé’in the uae of simple
nieasuring instruments—a valuable exercise in nnmlpulntht—nml lastly, to
develop both readiness In the muKing of calculations and an preciation of
the degree of accuracy to which resuits may be stated. _,y
i S0, (1E) he next stage of instruction in science 18 one which presents sy
e cinl dlmcnltles arising from the two systems of school orgunization to which
we have referred in sections 10 and 13. We have to distingulsh and to treut
. . sépurately— ] .
(¢) The system which transfers a boy from a preparatory to a public school
&, at 13§ or 14 without any continuity of curriculum in natural science.
?ﬁ(b) The system which provides a contlnuous course of instructlon 1n one
- _school from 12 to 18 or louger.
(a) The interruption of a boy's education-which 1s brought about by hig’ trans-
fenmce from a preparatory to & public school I8 speclally detrimental to scletce
fiavs e mwnrkhb,egnuse (l) mont_of the publlc schools pay vo. serlups nttenﬂou to a
Sl kndwledxe of. selénce In oelectlng boyo. ‘elther for entmnce or. for. scholarahlpa,
s %5,.1\‘» w. T
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and thereby discourage any teaching of the subject;-(ii) many of the boys
who come from preparatory schools, though they kmgv no science, are placed
at entrance high up in school becnuse of their knowledge of other subjects. If
science were taken in the lower forms, either these boys would have to omit
she elementary stages of a systematic course or boys who begin in a lower
form would have to take these stages over agnin. ©On this account it is con-
stdered impossible In some public schools to begln systematic work in science
in the lower forms, with the result that there ls not enough time left for a
satisfactory course before the age of about 1683, L
T'he stage immediately after the age of 12 miht begin with a course on the
slmpler parts of that branch of knowledge which Huxley called physiography.
One of the ‘advantazes of this subject 18 that It gives opportunities for out-of-
door observatlon, to which we attach great {inportance, not only at this stage
# hut throughout the school conrse. It is unfortunate if puplls are left with the
fmpressien thut physical principles operate only ‘n a physical laberatory; it
should be the oblect of theteacher to train the pupil to see {Hustrutions of these .
jwinciples 1o the experiences of everyday life. The course in physivgraphy 4
should Include the simpler astronomical phenomena, which in the hands of a
-good teacher may be made an excelient training In reasonlng and observation,
At this early stage there should be practical work involving measurements of
simple physical quantities, while g vnluable introductlon to some importaot
hrum hes of physics can be given if the manual training includes the making of
ot stple, prietical fnstruments und wmachines, such as eleciric bells, small
fnduction coils, telescopes, pumps, and so on. This plan has been tried at some
o1 the central schools and has given very satisfactory results.
The thtroduction of practical work into the curriculum widens the oppor-
tunities of discovering ability which might otherwise be overlooked. One wit-
pess writes: * Often, very often, the dunce of the form when put on 4o pmcticul .
work heeomes Lritiiant.” It is the function of any system of education to dis-
cover abllity us well as to develop it, and under a system in which the curricu-
lum 13 entirely bookiah many able boys may be depressed and lose all iaterest
in thelr work from want of success and of opportunity to reveal their ability.
(b) In schools provided with laboratorles and having a continuous currlculum
a course of elementary general gcience, including work of an lnlroductorv Jkind
on hydrostatles, heat, and properties, both physical and chenileal, of ulr and
water {s common at present; It serves as a satlsfactory introduction to later
work, but it is lmportant, especially in town schoois, that what we might call -
the physiographical aspect of these subjects, to which we have called attention
In n preceding paragraph, should affeays be before the mind of Y& ®eacher.
51. The more systematic study oY sclence begins about the age of 13; whiles
we do not consider it desirable to suggest a detailed syllabus, we think 1t 1m- P
hortant to state whot In our view are the principles on which it might be i
frunmed. . For the sake of definiteneas we will consider the case of a syllabus in
physics: the principles, however, upply to chemistry and hiology. In the first
pince, the -object of such a course is not to train specialists in physlcs nor to
=~ rive ‘dexterlty In making accurate meusurements of physical constgatg; It
. should he designed to give ar good a mental dixcipline as phssible*nq}: make,

the student acquainted with the principles involved in famiiiar: phystcal
phonoména. Even if, as we suggest, the time allotted to sclence teaching ia
increased, 1t will not be possihle to study the varlous branches of physics, such
as heat, light, sound, electricity, and mngnetlum. in as much detafl as when:
, only one or two are attempted, There munt necessarily be great gaps'in thy
" students’ kmowledge of these branches, but in the general course.we think these .
Lgaps should be: d[strlbuted mther uum,'qt ‘one:or. more, .otftheee brnnchas
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should escupe consideration altogether, The problemn the science master -has
to face is how to simplify the courses 8o as to be able to complete them in the
thue at his disposal. To make our meanjng clear we give an example In souie
detall, showing how a course Ip heat might be arranged. The science master
would first ask hlinself what are the most fmportant physical phenomeny sand
.Industrial applications for which & knowiedge of heat Is e‘sgential let us sup-
pose he decided that these were the domestic ﬂre. the wurmth of the sun, the
Lieating of buildings, changes of state of water to ice or steam, the formation .
of rain, fog, clouds, snow, hall; the steam engine and internal-combunstion
vngine. He would then build a course %iround these topics, In which attention
was mainly directed to the subjects most closely connected with them, namely.,
the sources of heat, the expansion by heat of liquids, the changes of stte of
water, vapor pressure, the thermal effects due to conipression, and the tins-
formation of heat into mechanical work, the other parts of heat belug only deadt
with 80 far as they are necessary for the study of these subjects. He would
then consider at what stages these subjects should be taken, for it i8 desiruble
that the study of heat, as of other branches of physics, should not all be done
in one term,‘but resumed from time to time ; this gives opportunity for revision
and for postponing the more difficult parts until the students are more mature
dnd have more mathematical knowledge at their disposal than at the beginning
of the course. .
N It 18 essentinl that the parts un shich it is decided to concentrate shoukd b
done very carefully and in detall, with much practical work in the luboratory.
Tt is better to curtail the number of subjects discussed than to suve time by
slurring over difficuities. .
We should like to lay stress or. the fact that the conventionnl subdivisi "
of physics into branches such as heat nnd light I8 apt to lead to neglect ofve ry
* JAmportant parts of the rubject, elther hecause they are related to several of ihe
branches—e. .. the congervation of energy, or hecause they lie outside the ¢ux-
tmn}\ry divisions,  Few boys get in & school course any idea of subjects such
s xurface tension and diffusion through membranes, which are well withln their
comprehension and are of the greatest Importance in biology.

It {8 very undesirabie thnt the work of a forin should be confined for a whole
vear to a single branch of physies; at least two of them should be taken. Further,
the scheme of work shouid provide for the recurrence of the virious branches
of physlcs in the course, to afford opportunity not only for revision of what has
been previously done but for extension of the ground covered.

The subjects included in the course might vary with the locality and type of
the school. Thus, for example, in a town which I8 the seat of an fmporiant
fijdustny gome phenomena might be matters of daily expertence which woulkl
rurely come under observation In a different distrlct. These would naturally
be included in one cnge and not in the ‘other.

02. In chemlstry restriction of the field on the snme principle is needed, but
the problem of chiolce 13 ensier becnuse the field is less varied. It is essentint
tint the work shull be brought as closely as possible into reintion with the’
things of dally life. No attempt should be made to study in detati more than a
A o small number of the chemical elements. A choice must be made which ehould
L . inctude 'the most finportant elements, enough to iliustrate the prlnciples on

which the elements may he classified. In discussing these elcments obportunltv

“ whould be taken to explain Important points of general chetulstry such as dif-

fusion, the laws of combination, equlvnlence, solution, and electrolyeis ; no cour:
&3 ~~eun be constdered satistactory which does not lead up to the xenernl laws of ¥
,,, chemical ‘combination and the explanatfon of them tn terms.of atoms and
= molecnlu,wQuantitatlu experiments whtch tnke af long tlme can',otten ‘be

:\ut.
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roplnced with advantage by simpler descriptive exercises not Involving mens-
nrements but requiring some independent thinking. The d_escrlplion of unui-
wfncturing processes siiould not be neglected, although wminute detalls would
naturally net be introduced. Boys are nlways keen about lurge-scale work, nnd
while such work 1s being deseribed mwany opportunities will occur to the tencher
“of exempllfying principleg which the hoy will already have come across In his
work in mechunies and physics, The sharp division which Is at present masle
hetween ‘Inorganic and orgunic chemigiry shonld disappear, and fdeas such us
fermentation, sapontticatlon, ete., shouldsfind a pluce in the course. The chemn-
iral processes fn the life of a plant sgould not be omlitted: for exaniple, the
way in which earbon dioxide is transtormed into sugar, the utilization of atnins-
pivric nitrogen by the legwninous plants, and fae purt played bhy nitrogen
canpounids in the food supply of plants could be pointed out while earbon
il nm'-»;_:en'\\'ero being studied.  Similarly, the study of silica would naturally
il to g disenssion of the part played by air and water in the wenthering of
rocks,

53, We have already lald stress on the potnt™that some kuowledge of the
nain facts of the life of plants and animals shonld form n enlar part of the
teaching in every secondary school.  Systematic work in zoology, including
lwvrtinn of animals and the use of the eompound® microscope. belongs ta «
Inter stage of school life. but the main facts ax to the relution of plants and
tuinuls to their surroundings, the chunges in muterfab and in energy involved
in their life dud growth should form part of a well-balanced school course,

There Is a considerable measure of agreement among our witvesses to the
eff et that the course might Inclnde the mnin anntomical teatures of the highr
lilnts, the elementary physiology of plants, espectally their relations to the sofl
il to the atmosphere, together with some quite general knowledge of nnimat
metabolism. . We think that in & boy's school earcer room could be found for
this work by devoting to it purt of the sclence {ime In the summer {erins,
Our ebject would not be gittained by the estahlishment of courses of elementary
‘hiology at all annlogous to those which are found at present lu the higher fornis
of schools. Many of them are modeled on the first year's course for medlenl
students at the unlversities, and contain an amount of morphological detunil
which would be nlto;,elhm/ out of place in g genernl science course for mididla

forms,  The Kind of fnstruction which we have in view need not be In the

Thunds of a teacher qualified only in blology and responsible only for that
particular rection of the seience work, We realize that {t 18 not ensy aut

Iresent to Hind teachers who can glve ndequate instruction in the various sub.

Jeets which we should like to see repressnted fh the currlculum, and that there-
fore only grndual development and improvement can be looked for. The
separation of the biologien? seiences from the physical selences at the untversi-
ties has made It extremely diflieult to tind a competent hiologist who can teach

even the most elementary physics with the requisite accuracy and definiteuess,”

The want of tenchers with wider seientific quaiifications Is at present the ren)
dgifliculty in the introduction of blology Into schuol work.
34. Girle schoolg.—There Is some difference of opinion as to the science

subjects which can te oSt useTRNy tnught In girls' schools.. Far many veary

little beyond descriptive botany was attempted. Rotany 18 %till the chief subject,
but it 18 becotning more and inere comnion to treat the plant as living and
growing orgunism, ratlier than as a specimen to be classified In & herbarinm:
the physiology of the plant and its relation to its surroundings have become
more important than the identification of wild flowers. But a study. of plant
~physiology Is impossible without some knowledxe of physlcs and chemlstry, nmj

e ]
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partly for this reason these sciences have galned incrensed importance recently
in girls' schools. Several witnesses emphasized the fact thu; the study of physics
fa still unduly negiected, especlally fo schools where a low standard in mathe-
matics has become conventlonul. This has proved & serfous obstucle to students
who wlish to enter the medical profession. It Is most desirable that girls should
have an opp«)rtunit) of discovering whether they have a taste for physics or
chemlstry,“nd of developing such a taste where It exists. |

The maln diticulty of the schools 18 to secure scleuce mistresses who can
undertuke ull the subjects which are lequlwd This difticulty wiil tend to Jis-

appear as the recommendations mitde, in ofir report hear frult, It g v he
hoped that uitimatety a mathemnticul mistress will net be considered to he
fully equlpped unless she Is at-least capnble of teaching thoe physicsWeeded |
between the uges of 12 and 10. .

Two speciul points deserve notlee: Tt Is lmportant that hygicene shoukl be
well taught In gicls” schools, W&o afree withgthe opinlon of some of our wit-
nessed that the subject should be tuken as tate as possthle fn the school course,
preferably nt the 1G-18 strge, after a course of systematic work in the scleyeon
on which It deponds. Where this 18 Impossible, detinite teaching on the laws
of health and on personal hyglene may well form part of she work of (he -
lower forms, but 1t°can not be property constdered as-a -purt of the svicnce
course. LI

Simbtarly lessons on the everyday affuirs of the household nre obviously of
practicul hinportance, and they may form a purt of scientitic education if ey
are given by a (eacher who has u real backgrougd of scientlfic knowledge.
Jut niuch of the domestie selence taught in schools has no elaim to the name of
sclence at all; it would bhe tess pretentious and wmore accurate to call {t house-
“craft, and find a place for it outside the hours nllotted to science.

50, ’Em’.—’l‘vavhel's witl very naturally ask how time is to be found for the
extension of the range of science teaching whleh we propose, Some if it will
have to come from time now glven to other subjects. There are several possi-
biljties in different parts of the curriculuni. There cun be littte doubt that it
a conslderable part of the ordinary mathematieal work were done by teachuers

“who are also teaching science, much overlupping would be avolded and much
losy of time prevented. Practical exercises in physies give better practice in
ratlonal arithmetic than the very unreal problems common in textbooks. and

- help to famljiarize pupils with the metrle system. The questioh as to “the -
vantages and disadvantnges of the metrie system of welghts and measures hus
any aspects which it is not wlt.bjn our prmlme»to discusy. As far, however,
as education 18 concerned, e - Intud!uNon of thre metric gystem woull he
attended with great advantages. Arithmetic would be “uch slnplified, and tims
saved which could be devoted to other subjects, Agaln, there is muqh over
- lapping between the subject matter of physieal geography and of elementur_\'
science lessons; frequently a question such ns the eauses of the fall of raln is
treated from one point of view in a physiis lesson without muckr reference to the
natural phenomenon, while this natural phenomenon is expained In a so-called
popular manner In the geogruphy lessm\ There i8 a clear opportunity here
' tor saving tlme. The tline given to mechanics might ¢ome from the thne
ﬁtt@d to mathematics; 1f we put this at one perfod per week and . allot the -
equivalent of one period per weck on the average to biology and two to chem-
htry there would remaln, if our proposals are carried out, at least four: periods
per weck for physical subjects, inciuding mechanlcs. This suggestion ie only
intended-to give an ldea of the proportion of time. to be agsigned to each sub-
) Jcct and should not be taken ay’ a recommendation that a week's sclence work
RN can be wlnely broken up amonz so many subjecta.
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But we must indeed trust malnly to wiser, more econor%lcal, and more effec-
tive use of the hours gpent in the laboratory, and this can only be attalygd y
" the constant care and attention of the teacher, and by careful pluuumf
the practical work of the formsg (see sec. 43). If the periods of practical
work are too short, a disproportionuate mmount of time 9 lost in sturtiug and
. stopping.  In many schools tlme 18 wasted in making fafr ‘coples of laboratory
notes Instead of writing a concise descriptlon as the experiment procecds and
in making unncecessary sketches; nothing 1s niore useful than a sketch of appa-
ratus in describing an experiment, but it i a waste of time to take five minutes
to draw a crucible with the uld of ruler and cowipasses.
06, Engligh, —All through the science course the greatest care should be taken
to inslst on the nccurate use of the Xnglish language, nnd the longer the lhue given
o seicnce the greater becomes the responsibility of the teucher in this matter.
It is not always recogbized thnt there are excellent opportunities for teaching
clear writing in connection with everydny laborntory work., A- hoy muy fuil
o write a good essuy hecuuse his command of English 1s lasufliclent to cxpress
what he wonld like to say, or because he has Httle or nothing to say on the
subject, but if he has been dolng an experiment he should at least be able to
degcribe what he dld and what he saw in stmple and ('omprehonslhle ]am:ungo,
in the plain Kuglish of edurated people. The conventlonal jurgon of labora-
torfes, which is far too common In much that 1s written on pureand on applied
selence, 18 quite out of place In schools. The science master can notrbe albowed
to repudiate responsibility for the English in which the work of his class is
writien, *
There is a tendepcy at present in some schools to disconrage buys from reading -
auything about thelr sclence work excopt the notes which the\ take in cluﬂs
1l {n the faboratory. Ve consider that this policy is most pernicious. If a
boy 13 interested in his subject he will naturally wish to read about it and
should be encopraged to do so. A part of the time given to propnmtlon which Is
now often devoted to the mere tran-zcrlplmn of laboratory notes, might be spent )
in this way, and boys should_have access to good scientific books sultuhlt to e
the stage of knowledge reac hod The practice of discournging private rexu'lng is
responsible for the lendmmmh his become more noticeable In recent vears,
W fqr students of sclence at the lml\m\llluw to rely entirely on the instruction
they get In lectures.  Some of them seem’ to have lost any desire to read for L}
themselves nnd frow want' of practice lack the ability to use bhooks to any
sdvantage, Boys who huve acquired the hnbit of rvmllng books on selence, L
when at school are more llkely to keep ulive in after life thelr lmowled;..e und
interest In the subject. = .

\
.

SCIENCE IN SECONDARY SCHOOLS, 16-18. .

e

57. We have already recommended that there should be a general course {n -
’ secondary schools up to the stage reached by boys of about 16 and warked by
the first school exuminatiofi; that the course should not be uniformy for all
schools or for all the puplls In.a school, but thut a substantial scheme‘of work
fi setonee should form an integral part of it. This general course should, {n
our wopinion, be followed by a perfod of study covering about two yeurs. in
which attentfon Is concentrated on a more limited, range of subjects. In*this
connection we shall first refer to the age of trunsfer from the secondary school

" to the university. Hitherto it has been customary for hmny boys passing on to -
Oxford and Canibridge to reminin at school tili 19 or even later; on the other

hand, those entering the modern universities have not Infrequently done so at 17 .
or. even enrlier. In our view it is deslrnble oo educntlonal and otber groundl
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thut boys who Intend to. pasd on to & university should as a rule remnin at
the secondary school up to the age of 18, provided that the school is 80 oruzun-
ized as to furnigh satisfactory courses in the various groups of subjects appro-
priate for them. Wherever this condition is fulfilled we consider that it will
e for the advantage of the pupils, and not less advantageous to the schouls
arnd to the universities, that after the general course there shouid be a twa
venrs' period of advanced avork nt scheol. When the condition is not fultitled,
the right remedy lies in raising where possible the standard of the work under-
tuken by the secondary school. We recommend that 18 should be the normal
ape of entry from secondary schools to the universities: and in making this’
recommendation we are supported by all the witnesses who have given evidence
te us on the subject.

38. We recommend further that the usual age 1imit for entrance scholurships
for boys awarded by the colleges of Oxford and Cambridige should be 18 rlither
than 19, for it is 1ot generally advantageous to a boy’s intellectual development
that he should remain subject to schogl conditions much after the age of 18.
Further, university courses for science students wiil normally extend over a
period of four years, and may often be usefully prolonged to a fifth year. The
increasing requirements of professional study at the universities and elsewhere
(especially in medicine and engineering) and the development of advanced
courses in applied science, which presuppose a thorough knowledge of pure
science, alike involve a lengthenlng of the period which intervenes between the
.end of a"bm s school 1life and hig entry into industry or professional practice;
while under the conditions which are likely to obtain after the war young men
will need to enter on their life work at an earlier ‘age than has hitherto bheen
customary. It follows that the age of leaving the secondary school should
not be unduly postponed; and we do not consider that it can be wisely post-
poned wuch after the age of 18. We have already recommended that the uge
of entry into the public schools should he 18 rather than 14; we are not there-
fore suggesting any curtailment of the period spent In the secondary school.

59. 1t is generally agreed that the greater part of 21 ho¥'s thue between 16
and 18 should be devoted to the study of a group of subjects, the choice of

“which will depend upon the tastes und sptitudes he has developed and the
career to which he looks forward. Specialization at this period s desitahle
hecause the imaginative and logical faculties can be best tralned by the inten-
sive study of a few subjects. Advanced work, too, 18 necessary to enable the

- Yearner to appreciate and attain n high standard of accuracy and thoroughness.

60..Under existing conditions the amount of time devoted to subjects other

. ' than those 4h which & boy is specializing is _often extremely limited. The
science speclalist gives little time dr attention to literary studies; he may, even

" though his main work 18 concerned . with physles and chemistry, neglect muth-

i . ematics. [he speclalist In classics or modern languages omita any study- of

sclenee, “Without wishing to 1ay down any hard and fast rule in the ,mntter.
we suggest that an apportionment of.tlme by which a boy devotes not ‘more

""*tlmn two-thirds nor kesg than half of the school week to work in his special

snbjects may be regarded as reasonable, Some literary study, including Eng-
iish, should have the first clalm on the balance of the tlme of all science
students. Further, Just as the science speclalist should, in the best Interest of
‘his education, wlden his outlook and enlarge his interests by’ continuing some

i - Nterary study, 80 the student of classics or‘?nodem languages should glve time |

> - and qttehtion to science work of an- appropriate kind. .

e 61. Those whose maln subject s nataral sclence willnot all be candldates for

A7 entram:e ncho!arsh‘lps At a un;\'erslty thefe. will be. boys wbo .do; .not propose

Y
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fession ; and others, again, who ¥l enter universities with a view to taking
puss degrees. All these will be specialists in the sense that thelr work will be
limited to fewer subjects than those taken in the previous general course, and

- their interests can pot be ignored,”

62. The kind of work and teaching approprlate for the sclence specialist as
such will consist, broadly speaking, in’ carrying forward to a higher stage the
work in two or more of the sclences—physlcs, chemlstry?biology—which have
formed part of the general course, a!_ld will present to the schools only thuse
ditienities with which muany of them are familiar. It will usually be accom-
j»®ied by further study of mathematics. Those who take biology should cer-
winly continue the study of physics und chemistry, but we think it is not
recessary to Insist that they should do advanced work ip mathematies,

3. The work we suggest as appropriute for boys who are not specializing in
~ience differs altogether from this advanced work. It can not atm at the sume
ntwasure of conipleteness even in a limited fleld, and there will not be time
tor extended laboratory lenching There 1s at present little experierge to guide
us whell we conie to consider the character of the work in sclence suitable for
such boys. The matter is, however, one of the first importance, and science
wasters could do no more useful service to the cause of sclencd than to think

- ont the problem for themselves wind to make their own experiments.

The course or courses—for it is not desirable thiat there should be a uniform
course—must satisfy certain necessary conditions. First, they should presup-
Imwe a general course in science including laboratory teaching up to 16 some-
what on the lines we have suggested. Second, they should be planned on a
scale consistent with the comparatively small amount of time available for
them, and not ail of themn need invelve practical work in a laboratory. Third,
their scope and charactér should be sultable for boys of 16-18 who are doing
advanced work in other subjects. ¥The last condition is vital. It Implies that
the teaching must, if it is to have any real value, be given by thoroughiy com-
petent teachers with a sound background of scientific knowledge and a Mde
eutlook. It wust not be merely discursive or disconnected or journalistic; i
should deal with sclentific questious of general interest and discuss them on a
husis of definite knowledge. Above all, it must wot aim too low. If it does
not streteh the wits of the cleverer boys and glve them sowmething to think
ahout, it will have fafled. . )

64. The choice of the subjects must lie with the teacher. There is greut
wealth of material and a wide scope for teachers of varied gifts who know how
tu use theiropportunifles. We can not do more than make a tew tentative
snggestions, us followl®™ .

A. (1) A course on the outlines of cosmical physics and astronomical prin-
"ciples of general interest, such as the areasurement of time, the calendar, the
sige nnd mass of the earth and sun; the applications of spectroscopy to elu- .
cidate the composition of the stars, nebule, ete. (if) A-cgul'so on the general -

w principles of geology, without too much technlcnl detatl, 1llustrated by local

* cxamples and the use of geological maps  (ilf) A course on physiology and

’ hyglene, whieh would include a discussion of Phe part played by bacteris and

other lower organisms in fermentation and Adn the spread ot disense. {Iv) A

course on physical meteorology ; the compmltion and general circulation’ of the

“atmosphere, relation of wind to pressure, smrm, clouds. rlin. snow. thundab

storm,’ the aurora. weather - mapping

B. Courses on the history of stlence—e. g.: (l) The history of ndtronomy
from the Greeks to Newton. including some acconnt of the geocentric and helio-,

.. centric: gystems.- (ll)“'l‘he history of - mechanlm on the lines ot the eurller

poruom f Mach's "Prlpciplea of Mechnnlu. =

<
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C. Courses on the development of sclentific ldeas—e: g.: The constitution of
matter, the conservation of energy, the doctrine of evolutlon, heredity, im-
munity. R

D. The lives and work of sclentific men—e. g.: Leonardo da Vinci, Gallleo,
Newton, Lavoisier, Cavendish, Faraday, Clerk Maxweil, Kelvin, Pasteur, Dur-
wln. Heimholts.

F. The bearing of scientific inventions on industrlnl progress—e, g.: In con-
nection with the history of farming or with other local Industries; methods

. of transport by land, water, and air; means of communication, such as signal.
ing, telegraphy, telephones; methods of lightiug.

F. Courses of a more practicul kind thun those mentioned above on the par-
ticular applications of sclence—e. g.: On the Internal-combustion engine or the
dyoamo. Such courses would appeal to boys of a mechanical turn of mind.

G. A course on the method and philosophy of science, historically treated,
with special reference to the work of Aristotle and his predecessors, Archi- -
wedes, Galileo, and Bacon, and the later experimental philosophers.

It will be seen that many of these courses—and the Ust does not pretend to
be exhaustive—give special opportunitles to a teacher who combines solie
knowledge of history with his knowledge of science, and should appeal to hoys 8
with historleal tastes. It i8 not, of course, supgested that they could all he
profitably undertaken by any oune tescher, or Included in‘the work of any oue
school ; they are quoted oaly as suggestlons from which a selection might be
made, depending oa the teacher’'s own interests and the eircumstances of the
echool. The fact that a teacher has quite rightly devoted himself ddring his
university course to the special study of a few branches of science 18 no renson
why he should 1imit himself in school to the teaching of these subjects. “The,
courses Indlcated would be profitable nlw to selence speclalists, and would do
much to counteract the narrowness of’ L 3y whlch sometlmes accowpanies
speclalization. N

Teachers will have thelr own views as to the methodq by which such subjects
ean be most effectively presented. It may be assumed that the teaching will
for the most part take the form of class teachlng with fllustrative experlments,
dlagrams, and speclmens from the school museum ; but every encourageient
should be given to the pupils to supplement this by private reading. ,.u is
essential, in the interests of precislon and accuracy, that the hoys ﬂhoul(l he
‘required to write about thelr work. Opportunity should be taken to set thess
questions of the essay.type which would test thelr knowledge and powers of
‘expression. —

85. The puplis who are speclalizing in science will weneraily fall into one
or more of the following groups: (1) Scholarship candldates and others who
will give thelr attention to two or moge of the fubjects—physics, chemistry, nnd
biology—with a view to an-honors or pass (legroe in pure science; (2) those
looking forward to entering the medicul profession: (3).those who Intend to
enter the englneering profession or one of the .industries; (4) those who will
be connected In one way or another. with the-land. *

The special needs of the last three groups are consldered elrewhere; the
needs of the first’ group are.influenced by university entrance scholarship exam-
1nattons, which are dealt with In a later part of this report. (See secs. 13G-142.)°
For all of these It is important that, in addition to their sgience work, the
SR ‘school should provide appropriate courres of work in other subjects. The

. value of a knowledge of French and German at least sufficlent to enable o
A Aatudent to use these langunges as tools in his work 1s obvludu, and- there i3

3 no reasod why anyone who has got beyond ‘the elementary stages should not
read- & French or German text.book or use, books o’ r,eferenco ln these fan-.

o
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guages. The need for mathematics for thc; ma jority of science W-L.EO less
urgent, and sliould not be difficult to meet if the recommendatfons which we
muke elsewhere as to the relaHon between the teaching of mathematics ‘and
scence can be carrled out. It is the study of English subjects which Is at pres-
ent most neglected in science forms. Just a8 we recommend that a si)ecinl_ kind
of uppropriate science teaching should be provixied for the nonsoientific boys,
so we think that the schools should grapple with the problem of helping mathe-
matical and sclentific boys. in the study of gubjmm of” a general education
which will be of value to them in later years. It happens too often at present
that the time which Is not given to the pupll's speclal work 18 used in a hap-
huzard wanner without a definite plan. " o

THE SECOND SCHOOL EXA MINATION,

66. The board of education have made proposals for the establishment of a
serond schdol examination sultable for puplls of about 18.

Such an examination should, in our opinion, test the work in a few selected
rubjects which would-include not only those in the group to which the candl-
date’s main attention has heen given, but some other subject or subjects as well,
It should not be ot the Hnes of the first school exanination ; for merely to test
the subjects of a general course carrled to a higher sthge would-be to throsw

range.

67. We conslder that, while there should be reasonable freedom of 1n
regard to the subjé('ts offered in the examination, a candidate whose maln sub-
Ject I8 natural science ought to offer ut least one other subject, hfstory or an
ancient or modern lunguage, or English literature. We should wonslder
the combination of sclence and mathematics without any lterary Subjert as
satisfactory. Conversely, n candidate whose mnin subject is a literary one
should be &m(‘ted to offer a branch of natirul science or mathematios. We

&me that the examination will utways test the candidates’ power of wiit-
tng English. The stundard set in the subjects offered should not, however, be.
so’ high as to preclude the possibility of giving time to other studfes which
might be considered appropriate at this stage of éducaton. It is not, in our
view, necessary or desirnble that a boy should present for examination, lenst
of ull af this stuge, ull the subjects to which he f{s devoting school time. Art
and wuslc or a modern language might, for example, occupy some of his tiwe,
but there s no reason why they shoutd be offered for examination. Lastly, it
ir essential that the regumtlon;: for this examinuation-should be so framed as
snot to be Inconsistent with the scheme for widcning the basis of college én-
trance scholarship examinations which we recominend in section 140,

Sections 69, 70, and 71 deal with secondary scientific education in

Wales, for which the observations made in regard to the position of:

science in English State-aided schools generally hold good. .

TEACHERS OF SCIENCE IN SECONDARY SCHOOLS.
(1) Supply. ’

T2 "I"he first and indispensable condition for any real fmprovement tn the -
" teaching of science in.achools ofiall kinds'ls that effective steps should be taken

to securéd an adequate supply of properly qualified teachers.. The supply

war, and it 'will be still more deficiént ifter thewar, —~ &
. .- 0 g o

U

" inadequate for exigging needs, quite apart’from the abnoriual oonditipii:s' crented
" by the Yo ® e
e
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We have suggested elsewhere that the time to be given to sclence shouid be
augmenied, that the subject should be taught in schools and parts of schoois
where it {8 omitted, and that advanced work should be further developed. espe-

+ eclally in State-aided schools., 1f these suggestions are to be carr !eg out {t, iy
clear that, quite apart from the demand entailed by the continued “growth of
gecondary schools. wuuch has been & strlklng feature of the educational history
of this country in recent years, the supplv of science teschers must be further
increased. On the other hand, industfy has airendy begun to compete for the

~ sgervices of those who in former times would have looked forward to science
lqachlng as a professlog. and the competition is likely to grow more severe in
the future.

. ) “ (1) Salaries and’ Other Conditions of Work.,

78. To secure the requisité supply. of teachers it will be-necessary to improve,
nnel inrove subq‘tantiull), the salaries of teachers of both sexes and to provide
a mtlsfuctory nnnonuHA\ stem of penéionq and retiring allowances. * * ¢ The
teschers are, in fact, the key to the educational situation. Unless a sufficichit
supply of properly qualified nien and woruen teuchers can be secured, all our
proposals “Hl be futile. 0
Another commlttee s been nppolnted to consider the whole questtdn of
ealaries, It wili have at its disposal information that we have not, and It cin ¢
» ¢uncentrate on the consideration of principles nnd maybe on the determination
of detalls outside the scope of our inguiry. But g_ hou)d be faithlesg to our
duties did we not assert as emphuatically as possible#hat t.he conviction formmi
at an early stage of our proceedings that no suggestion we might make wonld
bhe of avail to improve the position of science in education unless the salavic w”
ut preseut offered to teachers were considurabl) ralsaél, has been strengthened
at every step we have taken in our journey. It is not merely an improvement
in the salaries tbat 1s heeded, but a revolution in the .attitude of the public
toward them. Exceptional teachers will always join the profession for the
¢ love of the work It ()(grs and the opportunlty it presents of fulfilling thewm-
gelves. These must be a minority, Invaluable it is true, but not to be reckoncd
with as part of the uwormal supply. We have spoken of a revolution. What
ave mean is that present salarles should no longer be taken as the bhasis for a
future arrangement. To add 10 or 20 per cent is ureless; a mmch lovger in-
creuasc I8 necessary to attract the number of better qualified men and women
- that our proposals necessitate. The new basls for the calculation of saluries
" must be what the men or women of intelligence, elucation, and vigor might
gain In any other profession. Thore_are no doubt compensations in the life of
n teacher—e. g., longer holidays-—but there are counteracting disadvantages,
Whilat term lasts the work is peculiarly exacting. The snlary-earning lfe is
rhorter. In no profession is it more important that the niembers should have
reasanable opportunities of fgrelgn travel and the wherewithal to purchaxe
books, but forelgn travel and.the purchuse of books impogre a heavy tax on
scanty incomes.
But a scale of salarles—e\eu a rensonahly generous scale—will not be :um-
> cient,. We attach equal if not greater, importance to the attractlve value of
- posts carrying a salary and influence miore considerable than any that can he
. recognized by an antomatic stale. The annual increment and the fxed minimum
- must be témpered and vivified by better-pald posts. All schools shoifld be enabled
... i _ to offer to one or more of their mnsters ag a rewnrd for teaching gifts, as distinet
s from admlnlstntlve ability or meré senlority, salnrles not conﬂned within &
e scale. "he very exlstence or such prim would aer\e a8 &h eneoura‘kement nnd
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8 stlmulus to teaclhers, to tivate their abilities ev en in the middle years—the
most dangerous years of thelr career. -

4. It .is aiso desifable that the conditions under which the'tencher works
shoultdt be such as will fmprove his eficiency. The preparation of successful
experiments to lllustrate fectures nmkes demands on the time of a science
ieacher and on the accominodation at bis disposal which under present condi-
tions Are ln many schools very difficult: to meet. We think that this fact
~hiould recelve recognition In the arrangement of secondary school time- tnhloﬁ
especially for those teachers primarily respopsible for the organization of the
seience work.  In scmie schools the teaching is handicappéd by the fact that
ienchers are without the services of n laboratory assistant. This hundicap will
be inereased when our proposais are adopted. R

It has been pressed upon us that teachers In secondary schools should have
opportunities for Independent research, We are iif general sympathy with this
suggestion and think that much more might he done in the direction of estab-
Iishing points of contact between the work of university teachegs and investi-
zators and that of teachers in secondary schools. But the number of tenchers
in xecondary schools qualified to conduct scientific research, except of n'quito
mmmbnimns kind. wili probably never be large; and necessary schénl duties
Nkt remain, save in exceptiongl cases, n bar 10 any.considerabie development
ot this kind. There should in any case be roon enough in a school laboratory
for.the masters to carry on experimental work of their own. It is hevond
question that a great stimulus is given to the better boys where they see that a

© o jence master is engaged in Independent investization and ean help hha in

operations incidental to it. A Junior master who has had experience in a re-
search laboratory could find In many of the sciences problems within the range
of his resources. But, as his work must be tmelﬁ\ment he must have some
plave where his apparatus can be left undisturbed. It is especlally important
to keep the need for this accommodation in mind in the designing of new
luboratorfes. Facilities for independent work would Increase the attractiveness
uf the career of a sciénce master, and research would have a'great eﬂ'eot in
refreshing and stimulating his mind.

There is also work of the first importance to be done in the directian of im- °
.proving the methods of science teaching—e. %.. the devising of new experiments

aud the improvement of schewnes of practical instruction. These, under the
inifuence of textbooks and examinations, tend to get stereotyped. Such pioneer-
ing, which might be described ns educational rownr(h ifs badly needed l\nd can
only be done at the schools. .

(1) Qualifications. . .

. We pn« on to cons}dér the qunllﬂcntions of science teachers, both as they
nre nnd as they should be. In regard to the first point, gclence teaching in
seeodndary schools is almost exclusively concentrated in the liands of those who
have obtalned a untversity degree io science. Science, unlike some other sub-
Jeets, is seldoin intrusted to a teacher who has no speclal knowledge of the
~uhject he Is required to teach. On the other ham it is only an insignificant
winority of teachers who have recelved any trﬂlnlng in the ..Qt teaching their
¢wn subject, and the opportunlties afforded to sclence téachers of seelug work
in schools other than thelr own - and pmﬂhng by the experfence of their col-
leagues are extrenely limited. We were indeed informed by the chief Inspector
of secondary schools that * there was need for science teachers with a wider
outleok and a more developed 'sktil in bandling their subject."

With regard to the qualifications which selence teachers should possesw it s
_clearly desirabie that they should have taken a unlvgrslty course in science . -,
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and should have come under the influence of inspiring untversity teachers. It .
i3 also desirable that future sclence*teachers should, so far as possible, avail
themseives of opportunities for experimental work of a research type, whether
before or after taking their degree. But If sclence teaching in secondary schools
I8 to follow the lines we propose and be something more than teaching adapted’
to the future science specialist, it is necessary that the teachers should have
received a school and university education calculated to give them that wider 1
outlook without which their teacbing {8 only too likely to be wooden and unin-
spiring—an education whih would enabie them to deal with the relations of
sclence to the progress of civilization, its influence on human thought. and the |
history of scientific discovery.. It is probable that the pressure of examinntions.
the lawdable desire to carry the school work in physics.chemistry, or botany
‘ up to a high standard, and an undue emphasis on practical work {n and for
itsetf nre contributory causes which may account for that failure to deal with
the wider-uspects of sclence of which scfence teachers are themselves increas-
Ingly consclous. . '
76. It i8 one of the unfortunate results of the lack of teachers quatitied in
sclence that they are commonly under the necessity of devoting their whole
teaching time to their own special subject and thut alone. In many s('_honls
thix is carried so far that a master will be engaged in teaching only a single
sclence subject—e. g, plysics or chewistry, There is no doubt room in the
more highly organized schools for a certain nuimber of teachers whose work ix
speciali n this way, but we certainly lhope, in the interests allke of sclence
and of ) e who are concerned to tench i, that they will be encourazed to
devote a 1¥rtion wf thelr time and energies to teaching some subject other than
the one in which they are specialists, In particular we agree, as we have already
said, withethe view expressed in one of the answers to a questionnalre which
we sent to the mathematical associution, that the best methoad of securing
courdinuation of the work In mathematies and sclence {8 to assign the teaching
of mathematics and physics largely to the sume teachers. To do this 1t would
] be necessary to huve a supply of teachiers who had bhad suticient tralning in
both mathemntics and physics to enable fhem to enter into the spirit of both
subjects. * * * It would he well if those concerncd with the appointment
of teachers let it be known that they would give preference to candidates with
qualtfieations of thix kind. School selence would galn If its tenchers could take
a share in some subjects other than muthematlcg. The abolition of water-
tight compartments in which even closely aliled subjects tend to he fsolated
wonld benelit both teachers and pupils. It has been sugyested to us that sclence
masters are at a disadvantage In obtaining head masterships; we think that
any such disability will disappear when tpe importance of science is more fully,
recognized and when sclence masters undertuke a wider range of school work.

We desire to express our agrecment with the view that some knowledge of
the history and philosophy of sclence® should form part of the intelectudl
equipment of every sclence teacher in a secoudary school. The effectiveness of
science teaching as an Instrument of mental training would, In fact, be greatly
enhanced 1f teachers were themseives more critical of loose reasoning and were
better able to instill precise and accurate habits of thought. ~

'

1 8uch & knowledge as might be galned by the study of chapters of Miil's Logic;
Jevons' Principles of Sclence: Mere's History of ‘Furopesn Thought in the Nineteenth
Century ; Mach's Principies of Mechanics: Karl Pearson's Qrammar of Sclence: Ward's
Nat@rallam apd Aguosticlsm; H. Poincaré's Sclence and Hypothesls (a0d his later
works) ; J. Arthur Thomaon's Iatroduction to Sclencs, to mentiop only & few well-known
works, . :
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(iv) Training. o8 -

77. We have slready pointed out tl;nt teachers, especially men, have so far
avalled themselves tu a very slight extent of such opportunities as exist for
professional tralning. This ls due in part te doubts chtertained in .regurd to
fts vnlue and in part to. the fhét Umt owing to the dearth of teachers, head
masters and governing bodles have nbt bpon in the pu~|llnn to Insist on traInlng
45 1 necessary quulitiention for appointident.  We nre ourse lvgs convinced that
n suitable course of training would mh“o the eflicieney_ of sclence teachers, and
timt the doubts which are felt in some quarters ure due to the unsultabllity ot
existing schemes and to Hwited expericnee of their effects on teachers ytherwise
well qualiticd. For us the question is not whether teacheus should contlnue to
bk the guidunce which 4 suitable foru of truimbg might provide, but what
sort of truining s likely to be most effective, ;g,'

It regard to this, there was a remarkabld consensus of opimnn umong our’

be centered In the secondary school, and that it should consist mainly o priie-
tive under proper supervision fu the art of temhmg the subjuct or subjects with
which the teacher s voneerned,  We think thiit a full year*s trutning should he
provided after the completion of u university course of \tudy and before ap-
pointinent to a permanent post In g school,

The tirst portion of thig the should be spent in a secondary schiool and the
second, which should not exceed a third of the whole, In some ucademic or
olher truining center. In regard to the couditions of truining at u secondary
school, we suggest: (1) That not more than half the time should he devofed to
sctual teaching; (i) that thg tencher In tralning should be regarded for the
thme being us a regular member of the staff; (ili) that he should work under
the full control of the hend nnster and under the lmwediate guidance of an
experlenced member of the nssistant swff gualified to assist him in his special
work, but that the authoritles of the academic or other training department
should huve full opportunliles of cooperuting with the school authorities und
advislup the teacher in tralning as to his course of study; (1v) that opportnnitv
of seelng work In subjects other than his speclnl subject should be given to the
tencher in trainlng; and (v) that board and lodging, or their equivalent, should
be provided by the school. The second portion of the training should comprise
attendance at courses of instructton in the technique of science teaching as well
as other subjects, and we hope that such.courses will be organized at the
“universities.

P The adoption of a scheme of this kind should not prevent tenchers who had
attended an elementary training college of tlhe elementary tratnlng department
of 8 uni. .. .ity from taking posts in secondary schools if suitably qualified. It
will be noticed by those acqualnted with present arrangements for the training

. of secondary tehch_ers that the scheme we have proposed is & combination of
the second and third tvpes of training recognized by the board of education,
and we think it may claim to have the advantages belonging to both,

A Until salaries are considerably Improved some arrangement inust be made

for glving further financiat belp to the tenchers in tralning. The financlal heip

might tanke the form of (a) direct payment by the school out of money con-
tributed by the State in recognition of the fact that schools undertaking this

-work perform a national service, or (b) & loan from a fund adninistered by

the university or college to which the teacher Iin' training belonged. "We wish

to emphasize this point, for the fact that a-teacher wmuy Legin his work fmme-

. .

ofticlal and other withesses,  There was general agreement thil truining should .

-

s
a8
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dintely after he takes his degree and without further expenditure has had un
important effect in attracting men and women to the profession.
. » . » * . »

78. The one year's course of training proposed as the normal course for :ll
sccondary teachers in the future will need to be supplemented In various WaYs,
As things are, teachers tend to b.e i1solated in their work, especially tn tle
stuller schools. Further, 1t is difficult for them to keep even tolerably well
ubreust of the progress of knowledge in a subject in which rapid advhnees :re
belng anade. -
.\'\;nmthlng might be dou'e to remedy these defects by encouraging teachers 1o
vixitjother schools. Such vislts are of little value unless they ure of at lenst
'S ton, and their value Is much fncreased If the teacher makes o
rrcord xperience, of course only for his owun benefit and that of his col-
tengues, n, it 18 well worth counsidering whetl.r some organization might
not undertake the task of 1ssuing a Jonrnal (not necessarily appearing at regu-
lar intervals) or a series of leuflets in which teachers who have devised new
lecture or luboratory experiments or new methods of dealing with particulur

problems o connection with thelr work might bring them to the notice of their

collengues. e

9. Apart from these expedients there 18 need for the estublishment of short
courses for teachers, which should be held preferably at university centers,
These courses might be of the fellowlng kinds: (1) Courses consisting of lec:
tures given by university teachers on recent advances of sclence. Gpportunity
might be aflorded to the teachers.attending such courses of working In a fully
equipped lbovatory and of€obtalning instruction In laborutory arts. (ii)
Courses given by those who had had experlence of school teaching, on the

‘methods of tencling the severnl sclences. These courses would nornmally in.

clude luboratory work, and no small part of thelr value would lie 1n the inter-
chunge of, experience winong those who attended them . they would enable
teachers to gequaint themselves with new experiments und improved methods
of overcoming difticulties in the school treatment of science. (111) Courses
adapted for teachers who wislied to familiarize themselves with n subject in
which }hey felt their knowledge deficlent. Thus courses might be- 'provided ta
help teachers o* nature study In prepuratory schools or the lower forms of
secondary schools, courses in practlieal physics for teachers of muthemutl(\ iy
in gevlogy or astronomy fof science masters who had not taken these subjeets
as part of their university studies. To wany an additional attractlon of u
return to the university would be the possibllity of access to a large Jibrary.

In existing circumstances there will be need for a somewhat extensive pro-
vision of courses of the third type to tide over temporary difficuities arlsing
out of the dvnrth of properly qualitied teachers. It is very fmportant that the

'unlversltlcs should regard 1t as a norma! part of_their duty to provide courses

of fle first two types to suppletnent the one year’s course of training.

5 ¢

TORY ACCOMMODATION, EQUIPH.ENT, AND LIBRARIES. ~

. In the umtier of iaboratory accommodation and equibment it is hecessur,\‘

to distinguish between State-aided and other secondary schools. Those State-

- nlded schools which date back to the days of the science and art departinent

are well provided with laboratories and lecture rooms, while tn the newer State-

slded schools the Board of qucauon have always insisted on the provision of
'properly equlpped labora(orles. p : s -
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The schools which do not receive grants are under no compulsion in the
matter., We were, however, informed by witnesses representing the Public
Kehools Science Masters’ Association that during the past 20 years there had
heen great improvement in the provision of laboratories. An analysis of the
huswers given by 55 Hend Musters' Conference schools to our questlomialre
shows that 80 of these schools have three and more laboratories, 21 have two
Inhoratories, and only 4 schools (with less than 200 pupils) are limited to one.
In certain schools the laboratory proviston would appear to be elther insuffi-
vient for the needs of those taking science or suflictent ouly becanse so many
boys do not leurn sclence. Thus five schools with more than 400 pupils have
el only two laboratories ; though lu one of these schools substantial additions
are under constderation. ‘

In girig secondary schools, including some which are State atded, the
provision s Yess sutisfactory. "The AssoMation of Sclence Teachers laid hefore
ux figumes ehm\ing that out of 28 schools, with h('t\\een 200 and 300 pupils, 20
had only one Iaboratory, and that 10 out of 13 larger schools were no better
off. Even i1sdve take Into account the fact that a certuin number of pupils in
these ~t bools huve not arrived at an age at whieh science wlth practical work
forms nnrt of the courre, the tigures shew that the lnborator\ accommodation

+ s quite insufticient, Our proposal for the increase of sclence touohlng will
nuke grenter demands on lgl)omt(\r\ accommaodation. We would polnt out
ti) rhat the number of the ln])ornarlos must .be determined hy the numher of
furms who have to do practical sclence simultanevusly : (i) that in pltanning
new sehools it 1= mueh more important to secure ample space than to provide
elnborate und costly fitting® School laboratories are sometimes congtructed .
complete ln @very detall because it 1s thought necessary to include ns much as
possible ofi'the {nitin) cost in tbe hullder's contract; it would. as a rule, be
hetter to supply at the outset only the ahsolutely necessary fittings and to hold
over g portlon of the Intended expenditure for the numerous minor adjustients
and additions which ave hest made after experience of actual work In the room.

* * - " * . . *

81. It ts fmpossible to leave the subject of apparatus without pointlng out
that it 1s desirnble on erhicational ag well as on economic grounds to make the
utmost use of the school workshop, the skifl of its manual instructor, and the
heip of the boys. Wherever it could be afforded, it would be an advantage to
have a mechunfe sufiiclently skiited to be able to repualr instruments and to
nuike simple pieces of apparatus for use in tenching. The services of such an
asslstant would tend to a great economy in time, und his wages would be to
some extent recouped by the suving 1n the purchase of apparatus.

82 One of the most valuable things which a school can do tor its pupils is to
tmwh them how to muke un intelligent use of hooks, but in many schools this
néed has not been sufficlently recognized for sclence students.

*Two classes of hooks should he provided by the school:

(8) Books dealing with sclentific subjects in a general wiay—e. g, bi-
ographies and books on the history of science and discovery ; hooks
of travel and well-written popular works on science and-its applica-

L tions, These hooks should form part of the general school lbrary

k and be available for the whole school, some being selected as spe-

i cfally sultable for the younger boys. ]

. (b) Advanced textbooks, works of reference, and gome of the very useful
reprints of classical scientific papers of all nations. This class of -
works 18 intended for thé use of senfor boys and of masters. Some of
‘these books might be kept in the labol‘atory, %0 88 to be mdﬂy

avnllable for‘lnnmedlnte refemnoe.
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An adequate sum for the maintenance of the school librury sbould tn all
cakes he provided in the annual esrtimates. Such provision, where made, Is
often Insufficient, especially In grant-earning schoolg,

But it 18 not enough to provide the'books. The sclence masters should make
it their.business to encourage boys to read, and to direct their attention to the
books which are most suitable for them. Lists of books appropriate for boys<
ol"dlm‘rent ages might be put up i the.Wwhoratory or lecture room.

Sections 83, 84, 83, and 86 deal with scientific education in the
intermediate and secondary schools of Scotland. The observation-
made with regard to the position of science in English schools gen-
erally hold good in that coungry also.

SCIENCE IN ELEMENTARY SCHOOLS.

87. In secondary education we have recognized two stages-—a period of gen.
eral education and the stnge of speciulization, The elomentury schools proper
should, from their essentinl nature, never reach the secomd of these perioms,
which belongs to the schoals of the secoudary grade, to ¢anttnuation classes, und
to techitical schools.  The elementary schook, however, serves uy a preparation
for these subsequent stages, and both in 1ts own character as providing genernl
education and also in tts function as a preparuatory school it should inchide in
ity curriculum the teaching of science in a simple and suitable form. This
should normally Include nature study, and should be supplemented by Instrue-
tion In clementary practical work of the kind deseribed In seétlon 49, tuken in
connection with the teaching of arfthmetle and handwork. With regard to the
time to be allotted to thla subject we should not wish to lny down any hard and
fast rule, but we suggest that two periods a week would be approprinte.

88. The foregoing remarks apply to the ordinary. elementary schools as at
present constituted, from which exemption 1y, In too many cases, he obtalned
at 13 dr even little mwore thun 12, If, however, the minimum leaving age is
ratsed without exception §o 14, us seems probabie, steps will have to be taken
gpeedily to prevent the marking of time which eten now occurs too frequently
in the seventh and ex-seventh standards. In mauy schools provision will have
to be muade for more advanced work, and conseguently instriuction in sclence
will have_to be carrled o a higher stage. 1°rom a nuinber of syllabuses which
have heen submitted to us, It Is evident that under existing conditions In some
elementary schools, especlally where muny of the hoys stay till 14, a master
with exceptional character and qualifications can glve an anmount of science
teaching which muy be of great value. Where such teaching éxists, it I8
generally found in close connection with the practfcal work In the school
curriculunin, such as gardening or manual insfruction, and {8 somethines related
to a particular local indubtry. Work of this comparatively ndvanced nature
is at present confined to some three or four hundred out of a total of about

24,000 elementary departments for children other than infants In England and

Wales. Though some of these are definitely organized as higher elementary
and central schools, where the children stay till 15, nevertiicless given the same
quality. of teachers, a good deal of what Is being done in such schools can be

-done in_other schools 1f the children are retained in sufficient numbers till 14

and are trained according to the full measure of thelr abilities. Those who
pass from the elemenfary to the secondary schools should, for the most part,
have been transferred by the 'time they are 12 and @o not come under our
mngl@eratiq_n in thl,_yectl__on. ) - .

.
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80. Tt is to the general education and training of the tenchera that we would
look for the necessary improvement of the teaching of nature study in elemen-
tary schools and for the development of a further course of sclence, which may
prepare puplls for more advanced work In the contlnuutlon and technical

- schools. The preliminary education of teachers wili now, to 8 veryy great

edueation require a four years' course fn science and where nlinost all future
teachers will have to spend five years, - None of these should, therefore, be
wholly ignorant of science, and many of . them will in future, it 18 hoped, tuke
scirnce as one of thelr subjects ut the tralning college., We consider that
where candidates for the preliminary certiticnte examination for cutrance to a
treining college can not produce evidence that they have token a course of
sclence 1o a secondary school they should be required to present selence as one
of their subjects in the examination. Tt i3 not easy to Nuuzernto the 1m-
portance of ‘some scientifie knowledge for all teachers, for it enables them to
lnk up thelr dally lessons with the facts with which all children, in town and
country allke, are In natural and coutinual contact.

' The necessity for obtalning new teachers for elementary schools from all
nvailiuble sources will, however, for some tlme to coms prevent thelr previons
education from belng so uniform or so sutisfactory as thet to which we have
referred. It wiil also be necessary to provide speclul Instruction for those
who have been country pupil-teachers in districts remote froin secondary
schiools or pupll-teachers centers and for these who enter the profession
merely by passing examinatlons in which sclence s not at present Included,

In 1904 in nll training colleges relence became a compulsory subject for every
student, and spectul grants were glven for It.  Ivery college was obliged to
have a well-equipped faboratoery, and in consequence of this regulation adequate
Lihorutory @ccommodation is avallable, The theory of training in those days
wis that every student should be fitted to teach every subject in the ordinary
currleulm of an elementary school.  in 1913, however, at the request of the
truining colleges the regulstions were altered so us to allow students to take
fewoer subjects and to carry those selected to a more advanced stage. It thus
becamne possible for a student (o omit sefenee altogether, .

. * . » [ [ [ ]

It is extremely destrnble that there ghould be a nich larger number of
tenehers in elementary schools qualitied ti)_gl\'s- lustruction in sclence, and that
“ull poxsible steps should be taken to Inerease the supply,

NI In the genernl work of the tlulnlng colleges there has been a great improve-
ment during the lust 10 years, hut the evidence before us leads us to bhelieve
that the standard of acquirement in,elementary sciénce Is at present very low,
uud that, 1n geuersal, attentjon®ought to be glven to the subject of sclence,
There are probably pot many students passing out of the traling cotleges who,
without further instruction in.sclence, would be qualitied to carry the teaching
of the subject very niuch ‘beyond what I8 now u=ually given In an elementary
school ; a considerable nuniber of the teachers would not be capnbie of even
this amount, With the existing tenchers it 18 niost undesirable that any
uniforin curriculum of science should be introducedt Into the schools, But n
great denl of usefut training can be effected by special classes and short
courses, wore especlally at agricultural colleges, farm fnstitutes (when do-
veloped), and universities. - We may draw attention to the value of allowing
lecturers who have conducted cinsses for teachers to follow ufthe resuits of

.

thetr Instruction by subsequent visits to the s(‘hools where thelr atudents are
teaching. Improvement fn the scientiﬂc quullﬂcntlons of teachers genernll) ls o

Y

extent, be given In grant-earning secondary schools, » where the board of
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of specinl Importance, 18 we think it 1s highly desirable that the.work In every

school should, If possible, be in the hands of a meber of the regular staff,

and we strongly deprecate the employment of peripatetic teachers. as anything
. but-a temporary expedient,

91. A certain number of the counell schools of the larger towns are provided
with labaratories, but even where these .have been butlt some of them have
never been equipped, and the use of others is temporartly suspended, owing to
statting ditficuities during the war.® We have, Lhowever, no doubt that it wiil
.be soon found necessary to add to thelr nunmber,

In the smaller towns and fn country districts a less .nnbltlmw provision wil
probubly serve the nvmls of the clementary tencher. It §: extremely desiruble
that In every.school there should be o large room with flat tables and » |upply
of water (and, where possible, zas and electrie light), which should be available
tor the general use of the sthool and not restricted to the dntly tnstruction of
one class. Suel a room In rural schools can be, amd often I8, used for wmunual
instrnetion nnd cookery,  With these subjects simple selence teaching can
usefully he linked.

Ko far ag nature study Is concerned, the sehool garden is an nvalusahle .
fuuet, and, grent a8 the inerease in the numbers of gardens has been even belore
the war, it is desirable that further provision should be made wherever com-
petent teachers cnn be secured.  Indeed, it 8 hardly possibie to overestimate the R
extent to which the various forms of practical work now obtaining in the
sehools may be wmde to serve the ends of the tencher of science, YMethods of
measurenient may be apptied to, and elementary sclentitic conceptions derivuid
fram exercises in woodwork, simple metal work, gurdening, and coffkery : thus -
the ‘sclenee ténching, gardening, drawing, and other branches of handwori
way help each othoer. ’ -

The hope now at list to be reallzed of giving a longer scllool life to n’ .
children in the eletnentnry school increnses the importnnce of s(‘(nring teael -
i conditlong that will enable good and full use to be made of the thwe thus

* redeciied,
o - \—‘PEI‘_H.,NICAL EDUCATION.

72:°The terms of our rference appeat to us to indieate that while we showld
h\ 1no l‘mnﬂ neglect lho mumrlnnt subject of technlenl education, nt the s
timeé we were not expected to fustitute: any very prefonged or detadled fngniry
fnto ite present condltions or its lmmediate needs. Technieal education i this
cowhtry -waa _fisst coneolldnted, and to a large® extent orgnni'rvd, under the
technicat lnst*ructlon act of 18%). Pa rtly in copsequence of (hls the ferm las
come Io be often used loosely, as ineluding all the work fu ('nmu)m'('l 1 s
Iltomry ag well a8 scientific and Indusirial subjevts that is done ku tethuic:|
_institutes and e\enlng rchodls thronghout England und Wales. We are not con-
coerned with technicnt dﬂucntlon In this wider sense, bt only with tln\t part of
it ihto which science epters. This will- Include work {d* ‘pure sclence nhd in In-
dustrial subjects, fueh as egginecring, mining, building, which depend on\m:plu-d
RO Ience_,\lmtructlon In thede subjects is given hoth In the technologicni qep.m
menta of the universities and 1o technlcal scheols alded under the regulations of

ne B of Education, . -

. e qsm . .0“‘ . . . *y o
§ oo o 33 By far the largest number of students receivlng “ technical educmlpn -
N o of one kind or another are to be found as pnrt -time students. ‘in evgping and .
~, slmllar schools whirh provide lnstructlon m@ml) for those emgsged in ropie

- g Wage-eamlng mu tlon. .'nw clmises conducted :In ,;hese ‘chools “ydry wldely

~
.
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in character and scope, for they range from the small and unambitious continua- |
tion clugged of a rural echool to the highly spectalized work done in the Lest |
. equipped of the technical coltleges™  The nuniber of boys and men who attended
evening schools at any time’during the year 1912-13 was 467,240, of vhom o
182,001 were under 16 years of age und 305,239 were 16 and over. It is, how- )
ever, not possible to determine what proportion of the total pumber attended
cluxses in gedence and relnted subjects, and 54,800 clusses in subjects inte which
ing, mining. building, which depend upon appled scienice. The statlstics pub-
lished by the board of educntion show that there were-approximately 36,000
elasses In seience and related subjects, and 54,000 clasxes in ¥nhjects into which
~cienee does not enter. , Unfortinately they do not show either the number or
the age-range or the sex of the pupils who attended the classes In the severgl
sibjeets Pnumernted in the returns. It should be ohcerved, however, that in
estimating the number of boys over 18 and men recelving instruction in scicnee
and technology a very considerable deductlon must he made from the total num-
ber—305,239 quoted nbove—to allow for (1) those pupils who attended claxses
exclustvely- in commereln), 1iterary, and other nonscientific subjects, and (ii) °
N""" who failed to attend for the mintmum period of 14 hours in the yeur,
which is necessary to qualify for grant. The stutistivs nvajlable do not permit
of our muking angthing but « rongh guess as to whag deductton should be phede
in respeet of the puplls falling under these hends; but we should not be sur- . .
prised 1f It amonnted to sowething like 40 per cent of the whole number. In
1911 the total male population of England and Wales belween the ages of 16
and 4 was 2,500,000, If the estimat® of 180,000 males of 16 ycars of nge and
over, taking science and related subjects in evenlng schools, Is accepted, this
meats thut only 7 per cent of the male populntion of these nges was rcunm;,
inxtruction of such character In these schools. "o
H maost be remembered that att 1dunce af eveniug ¢lnsses §s voluntary, and
*tha many of the puplls concerne.n work for tong hours in the daytime. 1tut
even if the numbers are unsatlsfactory, there is no doubt that the instruction
provided is of very 'Lrout importnnco both to_ the students who recefve it und
to the natlon a8 n whole, since the courses in qnestlon furnish the only oppor-
) mmn(-\ nt present available to a considerable bady of atudents, most of tliem
wige earners, of receiving any st riictton in science at all.
‘4, We pass on te deal with g special poimt of great importance In any cop-
siderntion of technical education. It I8 sometimes supposed that technical edu-
ks cation consists in the main of insteitttion In trade processes, and objection s
riised to such distruction heennse it & thouzht to be directed exclusively
"toward Ingreagring manipulative skill. It is worth remembering that the teeh-
nical tnstruction act of 18[9 speciflicully excluded tenching in the practice of
any trade or industry, ant detined technienl instruction as * instruction 1h the
principles of sclefice’ Aid avt applicable to thdnstries”  Although th act was *
formaily repenled f lﬂﬂ‘.‘,']tq influence has beén considerable In determ ing the
chatacter of the 002 rse provided th technieal in&titutions which wdre established
under the act and aveéstill earrigd on by practienlly the rame education authori-
thes, It is true that certaln of the courses in engineering providing trade insiruce-
tion for apprentices and artisans in the special subjects of their trnde%to quote
F & purtienlar example), are intended *primarily to help workers to a more in-
telligent understanding of their craft.” and that instruction In them fs * haxexl
_on the operations and processes with which the students are familiar, and !s mxt/ N
dlr«'tod primarily toward hiparting bread gonoral principles.” But even the ¢ o
Courses ( a) presuppose a ge‘neral preparntlon in’ mathemaucs, druwlng. sdeuce,' oo
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and_ English; () are not limited to the processes and operations of the trade

in which the student i8 engaged, but are supplemented by instruction In calculg.

tions and drawiog and by practical igork or demonstrations. Further, it ig de

sired and i8 indeed to a large extent secured, that students who take a course of

this kind will proceed to broader courses of study in which greater emphasis

will be laid on the scientific bases of engineering. There can, we believe, be

little doubt that the general trend of recent educatlonal policy has been to

emphasize two important ideas: (i) That vocatlonal instruction must be based

on a foundation of general educatlon, (11) that this vocational work ghouid so

far as possible include instrucgionﬂn the scientific principles on which industria]

+  processes are based. : )

93. Since thls committee bega% sit, two important ddcuments have been

fssued, the first being the report of the departmental committee on juvenile edu-

cation in relation to employment after the war, presidéd over by Mr. J. Herbert

Lewis, while the second is the education bill introduced by Mr. H. A. L. Fisher

in the House of Commons on the 14th of Jmmuary, 1918, which préposes to enrry

into effect many of the recommendations contained in the above-meantioned re-

port. - If the bill becomes u law.® the age ‘of compulsory whole-time attendance

. at school will be advanced to 14 without exception, and there will be further

compulsory part-time attendance for 820 hours In the year up to the age of 18,

1t i3 in connection with the education of adolescents so far us this Is given other
wise than in secondary schools that the effects of the new bill will be mainly °

felt. “The two main features of the chnnge will be that the substitution of com-

pulsory attendance up to the age of 18 for voluntary attendance, and of day

- classes for evening classes. The voluntary attendance has frequently heen

reithier regular. nor sustained. Under existing conditions 100 hours Is g falr

"\ record of attendances in the course of a year, whereas under the new condi-

-tions every student will have to put in ot least 320 hours attendance, and this,

not in the evening after a full working day, but between the hours.of 8 a. m.

and 7 p. m. It Is obvious that the increased and regular attendance and the

tranference of instruction from the evening to the daytime will factlitate the

organization of better and more coherent courses of work. We have not fone

into the question of industrial conditions and are not prepnred to say what

arrangement of hours may be best, but from the educationaj point of view we

hope that ultimately it may be possible to extend the requirement of attendance

. to 430 hours g year, 1. ., an average of 12 hours a week for 40 weeks. We recog:

. nlz«;_}l\d@eﬁeh the proposals of the bill represent a step in advance and will er-

e mj't.,Qg-fiélqut tmprovement n the position of science in the educational system.

‘1t gﬁi_;‘y_z'gré_g@domed, there will ensue a wide recasting '6f ayrangements for
schools oflier ‘than full-time elementary and secondary schools. We do fiot there.
fore think it neclssary to.consider existing types of school in detall. It Is
obvions that the amount of éduc:ntn_)n given to puplls between the ages of 13 and
18 not orly at elementary and continuation schools, but also at the existing
central, higher elementary, trade, Junlor technical, and secondary Schools will
he grently Increasdd. Many new schools of these and probably of varlous other

S ﬂlm will be created, many barriers will .be broken down and the framework
) uf our system will ha.ve to be kept very elastic and capable of efficlent expan-
3 . Slon.  In connection with technical education the questions that press refer uot

s much to the place of science in the system of education as to the system.
Htself, We want clear paths by which every grade and type of talent may pasa

< tu the apbropl_'!at_e grade and type of usefulness, and that each may have.on the
Juuruey all the help that educatio' can afford. . We want algo_ that in the course

seELL M B PTG beame law 08 Aug, 8, 1918, .,

.
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of the prescribed period of schaol tratning, every youth should have a real in-
trofluctlon to healthy interests other than those which are closely vocational.
We trust that one result of the revislon of the educational system which is now
contemplated will be to increase greatly the numbers of pupils in whole-time
day schools providing education higher than elementary. and that in the cur-
ricula of such schools there wiil be a full measure of inﬂuenm calculated to
promote aptitude and liking for occupations in or related ‘to industrial applica-
ttong of seience.  With such a spirit in the work ot day schools there would be a
material increase in the supply of students qualified for higher study and\lnvesti-
gation in pure science or for more advanced technical education, as provided
in the higher technical institutions and in the sclentific departmeénts of uni-

versities. The standard and the results of the higher teaching of sclence in *

relation to ite application in industries _depend very largely upon the preparation
and the numbers of students available for that stage of work. Accordingly. the

_crux of the situation is the nature and prevalence of education of secondary grade,

L ] L ] . [ ] L ] . [ ]
96. We shall now deal with a number of points to which our attention has been

’ specially directed in the course of our inquiry.

(1) Teachers.—(a) It is essential in technfcal as in other schools that there
should be a conslderable ralsing of the status and remuneration of whole-time
teachers, and-that this improvement should include a national scheme of adequate
pensions. This I8 necessary, if only to increase the supply of educated and effi-
clently trained teachers of sclence and industMal subjects in technical schools,
and the necessity®is Increased by the factethat the present teachers as a whoie
have no share in the supplemeiltary grants made by Parliament to elementary
gnd secondary schoois, (b) It isclearly desirable that in tecboical institutions
there should be a sufficient staft of teachers with time enough for the preparatign
of thelr work and the organization of the laboratory and for kegping up their
knowledge of their subject in all its beariogs. Principal and heads of depart-
ments will naturally need enough time for some teaching as well as administra-
tive work and erganization. (c¢) All teuchers should receive from competent
and ndequately paid laboratory assistants as imuch help as they need. (d)

Teachers who are‘sulted for undertaking research should have timeé and facilittes -

p'aced at their disposal. (e) With regard to the qualifications and training
of teachers, it is to be noted that in junior technical schools it has been required
thnt u reasonabie proportion of the teaching stuﬂ should have had professional
or practical trade experience of the occupations for which the school furnishes a

.~ preparation. It is most necessiiry that teachers of certain subjects should have

had some works experience, which shouid be renewed under special arrauge-
wments from time to time, and, Indeed, an increased closeness of relation between
tenchers and the workshops 1s much needed on both sides. (f) It i8 no leas
desirable that teachers in certain subjects, such as engineering and mining,
shonld be allowed to urnidertake consultative work under reasonable but llberal
timitations.” (g) For teachers in technical institutions, as for ali other teachers,
short courses of training are certainly meeded. (A) Lastly, we would note that
the provision of an organized staff of tompetent teachers for technical schools I8
Itkely to be facllitated when, as the result of the requirements of the education
Mil, mény teachers who are now confined to evening work will have an oppor-
lunity of taking classes In the daytime ; for this will mean that the technical in-
stttutions will have at their disposal-a full-time’ staff instead of havlng to rely

. so-lurgely, as at present, on part-time teachers. .

. (11) Goordination between grades of schools and institutions. —It ls deslruble

~;that in each educatlonal area there should be eﬂecuve personal confewnce

8 )
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~ adge of the wtudents, and to the necessity for showing the Immediate pructicat
. "application of every bit of knowledge gained. For the removal of these defects
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‘tutions; such personal Intercourse between the heads of the local schools-and

colleges i3 essential to secure that students passing from“one type of school to
another may, on the oue hand, find themsalves adequately prepared, and may not.
on the other, be compelled to lose time by traversing unnecessarlly for a second
time ground already covered. It will be necessary also to guard agalinst work of g
secondary grade, such as preparation for matriculation tests being undertaken
by whole-time day colleges. = '

. . T e . . . . e

(1IV) Length of session.—A conslderable amount of valuable time is ut"prosent
lost by the traditiona! practice of closing technical schools about Easter and not
reopening them onti! the autumn. It would be well to require the large insti-
tutes, at any rate, to provide some instruction for 40 weeks in each year, and
there seems to be no reason why this requirement should not at once be intro-
duced Into the regulations of the board of education. ’

(V) Buildings and equipment.—In certain districts the exlisting accommoda-
tion in technical schools (even in some which ought to be *local colleges ") is
very inadequate and their equipment is unsatisfactory. If the new bill is
passed and the system of compulsory continuation classes is established, thoere
is no doubt that new buildings for such classes will ultimately have to be pro-
vided. Again, we may reasonably anticipate a great additional development of
higher technical instruction as the result of the better Jpreparation of pupils
whose school education now ceases at or before 14. ~Phis wil) mean that in the
not distant future new institutes will have to be bullt and many of the existing
bui dings enlarged and - tmproved. ' o

(V1) Lidraries—It {8 important that provision shouid be made for securine
and maintaining small supplies of the more expensive books on technleal subjects
for lending to members of the ndvanced classes. Where the students of n technfcul
school have access to n public library it would be an advantage 1f the authoritics
of the school! could keep in communication with the selection committee of the
library. ) .

(VII) Representation of induatries.—The trades, Industries, and professions
which particularly depend upon :leied sclence have, or ought to have, the

1s miost essential therefore thiat the counsel both of employvers-and of repres
sentatives of labor should be aviilnble either on the governing bodles or o
advisory; commiittees or otherwise! For the larger ipstitutes ft would be very
desirable to include representatives of the unl\-vrsltles%und nore particuinriy of
‘their technologieal departinents. :

(VIIl) Pure science.—It has heen stated to us in a memorandum submitied
by the Association of Teachers in Technical Institutions that, in thelr opinion, the
amount of instruction in pure science given in technical schomys diminished in
recent years. * Much, however,.of the work which was formerly incluled under
the heading of separate science rubjects, and appeared as such in the board of
education statistics, is' now taken in the firat year's course of one or other of
the industrlal subjects, so that the diminution in the nmoummg;,ggstrucunn in
pure aclence 18 more gpparent than real. - C

We have further been informed that thére is Httle difficulty in arranging for -
instruction 1n pure sclence in full-time day téchnical institutions with a course
extending over two or three years; but that in certaln of the part-time courxes
difficulties have arisen owing to lack of tlme, to the lnsufl .previous knowi-

¥e must look to the wide ‘extensiun of education of a secondary gradeand to the

10
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provision of a system of compulsory continued education, to which we have

already referred.

We desire toadd that the provision of adequnte opportunities for instruction
in pure sctence 1o technical institutions 18 of great importance, quite apart from
the fact that such instrucfion 1s a necessary preliminary to more specialized
technical work. It must be remembered that even in large towns the oppor-
tunities afforded by technical institutions are often the only opportunities avail-
able to a large section of the population for obtaining instruction in sclence

L] [ ) [ ] [ - [ ] [ 4

1X) Junior technical schools.—Junior technlcal schools do not at present play
a very important part in our educational scheme. There were in 1914 only 49
in the whole of England. Most of these were in London, Lancashire, and York-
shire; very few had more than 100 pupils. It is only now that Birmingham is
uking nfmngement to open one.

The distinguishing features of these schools are:

(I) The schools are normally planned to provide for the education for
two or three years, up to the uge of about 18, of pupils leaving the
elementary school at the age of 13or 14.

(II) The purents of puplls have to give a certificate that the pupil is in-
tending to entér into employment for which the school pravides

preparation. The recognition of & school will not be continuet

uniess, as a rule, the puplls enter into the employment for whlch
the school provides a preparation.

(II1) A reasonable proportion of the staff must have had practical trude

’ experience of occupations for which th¥ schoot prepares,

(IV) Practical work is given g prominent place.

(V) Each course must be organized to cover not less than two nnd uot
more than three yeurs.

(V1) No language other than English is approved uniess for vocational
purposes, -

The otdect of these sehool8 seems to be to brulze over the gap between the
clementary schools and the practical work of na skilled trade; to give,
in fact, some education to and develop the 1n1elligence of those who migit
otherwise¢ spend n yeuar or two as errand boys, Instructior s provided In

English, mathenintics, scicnce (mainly ph.\'nir‘s'und mechanies), technical draw-

ing (including practical geometry), and the use of various kinds of tools, o
thnt when apprenticesbip is entered on more rapld progress can be made and
w.more intelligent eraftsman and a hetter citizen produced. The curriculuin

is devised for boys passing Into the cngineerlng and building, but not into”

ather trades. The few technical schoolx for girls provide- courses in trade
dressinking, lnundry work, ete., and nre more strictly trade schools,

1t has been sugreste v the cominittee appointed by the council of -the
Nurtheast Coact Instituthn of Eugineers and Shipbullders that much greater
u e should be made of juaior technical schools in preapprenticeship education,
They consider that junior day technic:l schools should be established to pro-
vhie n-two or three years' course for boys up to Hie age of apprentiteship.
I'rospective shiphuilding and engineering apprentices should be drafted from
the ordinary clas es of the puhllc elomentary schools lnto these schools for the
three years' course.

In considering the future of Junlor technicul schools the first dlﬂlcult{ thnt
confronts us is that of the name. By it is suiggested a school leading up to

. the senjor techmnical schools. So far is this from belng the case that the
. bunrd of education consider that.puplis should net be diverted to junfor tech-

-
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nical schols if they ere intended ultimately to pass on to more advanced
full-time technical courses. The reason given for this is that it i8 not pos-
sible to provide a curriculum that is suitable both for the boy who {8 passing
direct'y to Industry and for the boy who is to confnue his education.

Apnother point is that the present regulations exclude from the school sl
hoys proceeding to an {ndustry that is not the local industry. This seems
uninecessarily to llmu the sphere of {nfluence of such schools, especially iu the
snuiller towna. . B

[ ] . [ ] L . [ ] [ ]

It {8 unlikely that the general education offered by these :chools wili ne
satisfactory unless it is inspected by the inspectors who deal with the secondury
schogls and know what can be done there. In the same way, some of the
tclence work of the secondary schools may gain by the Inspectors being fu-
miliar with the more practical Instruction of the junfor technfcal schools.
The present system of water-tight partitions between the two branches of (he
inspectorate seems to us undesirable.

We think, a8 we have already said, that there is room in our scheme of
education for thuse between tle age of 12 and 18 for schools where no for-
eign language should be comupulsory and where a definite bins should be given
toward practicnl education in connection with science and mathematles, but
We see no reason why these schools should not be regarded as part of our
secondary system, even when their practical work 18 organized with a view
to the predominant industry of a neighborhod,

We recommend that junlor technical schools should be strengthened and

developed into such a tormy” of secondary school, retalning some of their dis-
tinctive reatures, €. g. that a reasonable proportion of the staff must have
had practical trade experience of occupations for which the school prepared.
We must.repeat our insistence on the need of making the teaching of English
especinlly efficient where no foreign language is taught. In small towns whers
there I8 room for only one secondnry 8chool, opportunities for learning one for-
elgn language ghould be provi '

97. In dealing with the education given (n Institutions other thnn elementury
and secondary schools, we have endenvored to keep in mind the two functiors
which such institutions may be called upon to fulﬂll (1) The provigion of
courses of instruction designed to encourage a more intelligent appreciation
of the scientific bases of industry in its varlous forms, and o to promote 1.
dustrial efficiency ; (if) the provision of part time continued education in :he
wider sense for those whose full time {nstruction ceased at 14 or 18. There
is rearon to think that the need for a wider diffusion of sclentific and techni-
cal education i8 not sufliciently realized by many of those engaged in Industry.
We do not propose to.argue the matter on general grounds, but we desire
to refer In this connection to the Whitley report on joint standing industrin:
councils, a report which has been recently adopted by the Government an
has an important bearing on the question. In paragraph 18 of thix report it
is stated that “among the questions with which it is suggested that (he
national counclls should deal or allocate district councils or works comrmittees,
the fullowing may be selected for special mention :

(vil) Technical education and training.- i
(v1it) Industrial research-and the full gtilization of its results.
(ix) The provision of facllitles for the full consideration nnd utilzation
.. of inventions and Improvements designed hy workpeople. and roe
the adequate vafeguarding of tha rights of uga deslgners of such
lmprovunenu.
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\ ] . .
(x) Improvements of processes, machinery, and organization and appro-
priate questions relating to management and the examination ot
industrlal experiments, with special reference to cooperation in
carrying new ideas into effect, and full consideration of the work-

people's point af view in relation to them,”

\WVe submit that there can be no intelllgent consideration ot such matters
in the pational or district councils or In the werks committees, by employers
or employed, except on a basis of sclentific und technical knowledge. Works’
experience ls valuable a¥d, ‘lndeed, indispensable, but it i8 not by itself suf-
ficient.

It is not to be expected that all’ t.ho
those directly responsible for its manage
iz which §s es-ential for scientific advisexs and technical experts, but it is
idle to suppose that questions concerning ihdustrial research, the utilization
of ipventlons or lmprovements in processes, michinery, and organization, which
may vitally affect the well-being of an industry and the prosperity of tho:-e
engaged In it, can usefully be discussed in the absence of some degree of scl-
entific and technical knowledge.

If the intention is to bring about a fuller cooperation between employers
and employed and to give the employees a volce in the management of in.-
dustrial concerns, there must be on the part of both employers and employed
a more general understanding of industrial problems in thelr scientific aspects,
and this can oaly be obtained through a more effective system of technical as
well as ger'xera.l education. A

engaged in an industry, or even all
nt, should have recelved the train-

II.—PROFESSIONAL EDUCATION.
MEDICINE.p .*

08. No profession 18 more affected by the way natural sclence is taught
in schools than that of medicine; for medical sclence is directly based on 8
knowledge of chemistry, physics, and biology. We have, therefore, consideresl
in some detail the steps by which a student enters the medical profession and
the educationn! course he pursues up .to the first professional examination,
which admits him to the more directly vocational studies of human anatomy
and physlology.

00. Admissfon eraminations.—It is the business of the General Medlcal
Councll, through their education committee, to prepare a list of examining
boddies whose examiuntions fulfill the conditions they have laid down for en-
trance {nto the medical profession.

The examinntions which the council have accepted may be classed under
the following hendings: (1) Examinations for university degrees in arts and
sclences; (2) examinations accepted by the universities for matriculation in
arts, sclence, and medicine, such as the London matriculation, renior local
ex:ainations, ete.; (3) certain other examinations conducted by ubiversities
or other approved examining bodies; some of these are of a lower ctandard
than those fncluded In the"firat two groups. ‘

a junior, which is considerably lower, About 60 percent of medical students
reglster on certificates of oenlor standard and nbout 40 per cent on junlor
certificates.

Thus, roughly speaking, there are two standarde for admission—a nemor.-
which is equivalent at’least to a university matriculation examination, and -

So far as -the’ senlor enmlnations are concerned they would bea satlstnc-,
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ence subjects were offered by the candidate, and if the teaching of naturn
science were materially improved in secondary schcols, :

Our concern is to find some substitute for the junior certiticates which witl
niake it certain that the pupil has passed through an educational course in tbe
natural sclences. At present there junior certificates are taken by boys who
elther left school at about 16 for no very definite cause, or were too lazy or
100 ignorant to pass the higher examinations, or who, perhups on account of
poverty, do not aim at a university course in medicide.

These certificates demand no evidence of instruction in natural sclence ;
they demand no certificate of attendance at any educational course, whether
at n secodary school or elsewhere. Trust is placed solely In an examination
*which calls for four subjects—English, mathematics, Latin, and an addi-
tional language, classical or modern.”

Now, it.1s obvious that any such method of entering the medical profession
must , suffer from two grave defects. Firstly, there i8 no guaranty that the
candidate for registration has received any instcuction In patural science, the
bedrock of his future vocation. Secondly, there is no evidence to show that
the candidate has gone through a cuherent educattonal course in any of the
subjects demanded; he may have been coached by some institution which
-exists to instruct persons by letter, or by cramming classes, how to pass ex-
aminations.

We belleve that these defects will be avoided by the adoption of the schemne
of a first school examination suitable for students of about 18 years of age. If
the proposals we make elsewhere are adopted, they will secure that the pupil
has passed through a course of inutrn(tim) in sclence before he presents himself
for his examination.

1(0. At present the General Moulcul (*mmcn profess not to registe: a student
unless he takes Latin as-one of the subjects in the linguistic group. But they
accept. for registration the matriculation examinations of the unjversities of
London, Liverpool, Leeds, Sheffield, and Birmingham, although Latin is vot a
compulsory subject in any of them. Thus, a student at any of these universi-
ties may pass on to the highest medical quaiifications without showing that he
lirs ever learned a word of Latln. Moreover, n pupil in a grant-earning sec-
ondary school where Latin is not taught can enter the medical profesmlun
through any of these universities, but not by any other portal,

We consider that, after the door has already been opened In this way, it is
too late to attempt to retain Latin as an ohligntory subject in the examination
for entrance to the tnedicul profession.

The first schiool certificate should demand a knowlo(lge of English, languages,

*  mathematics, nntural sciencé (sec sec. 35). Within these divisions the cholce
‘of subjecta should he free. This will enabie otherwise sultable pupils In sec-
ondary schools where Latin is not taught to enter the medical professlon
" We are strongly of opinion that the firsl schuol .examination, with the modifi-
cation we have suggested, should be accepted as.evidence of general education
- sufiicient to admit a student to profeseional instruction, hut something more
. than a shnple pass shouid he required. When a candidate has only obtalned a
- stmple pnss, we suggest that he should be allowed] to enter on the study of rmedi- .
’ cine by pasaing the second school examination. The prospective student, who -
niay never have entered for the first school exainination, must be offered some o
such’ poml to the medical profession. Thus, boys or gifls who through acci- .
dent, lasiness, or slow development have falled to reach an adequate standard
- . in the first examination can Petrieve their position hy passing a bigher examl-
nutlon. Exceptlonal casea—e. g;, a _boy edumted abroad—muxt be menby
apeelul onminntlon. =
£ »f 1
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101. Ths science course and its relation to the first professional examination.—
The first professional examination paesed by the medical student after entry at
a university or medical school comprises chemistry, physics, and biology. Chem- -
Astry and physics are pow included in the curricula of the great majority of
sccondary schools for boye, and in many secondary schools in which boys stay
up to the age of 18 opportunities are afforded ¢or comparatively advanced work
in these subjects. This fact, together with the growth of technical institutions
in no way affiliated to &chools of medicine, led the College of Physicians to sug-
«est that some part of this feriod should be evunted as medical study, although
it might have been spent at a secondary schuol or-an equivalent institution,
The General Medical Councll now accept a certain proportion of the time spent 3
in the study of the hasic sciences at properly equlpped an}l inspected schools ag -~
part of the medical course.

It is necessary for us to consider the bearing of such a policy on the teaching
‘of natural seience. The unanimous opinion of the witnesses who came hefore
us was 'in favor of improving the facilities for instruction in chemistry and
physics during the last two years rpent in a secondary school. In the opinion
of Dr. Norman Moore, who has visited over 70 schools as an inspector for the
conjoint board of the Royal College of Physicinns and Surgeons, chemistry,.
physics, and biology should be included in the secondary course taken by pupils
intending td enter the medical profession; if a boy left school ignorant ef the
basic sclences, he could not find sufficient time to learn them thoroughly within
the crowded curriculum of a medical student.  In bis experience as an inspector
the quality of the sclence work and the character of the equipment varied in
the different schools, but in the best schools it was excellent. HIis view wus
thnt the teaching and time giveh to the study of these sclences at the secondnry
sehioo]l should be such ns to mike it unnecessary to devote any part of the thoe
= spent at the university or the medical school to the preliminary study of these
hasic sciences. -~

This wus also emphasized by the lecturer on physiology at the T.ondon Schno!
of Medicine for Women, w l:n pointed out that many women students crammed
up the work for the first professional examination in one year. and had not
acquired any real knowledge of chemistry, physics, or biology mureover, the
nitempt to pass examinations in this manner placed n considerable strain on
woemen students, purticularly on those whose previous tmining 1n muthematlcs
md physles had not reached a sufficlent level.

Thus we are strongly of opinion that after the (‘oncluslon of the generni
course, physics, chemistry, und some systematic instruction in the nature of
plant and animal life should form & serious purt of the school curriculum of alt
cundidates for the medical professlon.j‘_We do not think 1t advisable that such’
" pupils should be put into a clags by themselves, as we belleve that it would be .
L possible so to Improve the teaching of nutural science In the lnst two years at
" secondary school that candidates for the medical professlon would enter on
thelr vocational studies vastly better equipped thun they are at present.

We are of opinion that boys who have taken physics and chemlstry in their
iirst school examination and then pass on to some biefogicnl study should carry
on physics and chemlstry to a still higber standard : we are strongly opposed to
thelr marking time in these subjects. Thlztaddltlonal knowliedge will be of the
groatest value when they enter on the study of phigsiology. Lack of such _
knowledge 18 one of the greatest difficulties to which the medical student and
young practitioner are exposed in the higher grades of their professlonal work.

102. In some schools these preliminary subjects of .the medtcal course are
ndmlrnbly taught. " The. pupil leavesachool at about 18 with n good kny J\\ ledge of:
'chemlstry and phydm and lometlmes even with & gronndwork fn’ ‘bl ogy. Now.

,
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the first professtonal examination usually consists of two groups of subjects
(A, physics and chemistry, and B, blology), which may bhe passed separately.
The evidence brought before us exhlbits a sharp difference of opinlon as to
whether the pupll should be allowed to pass any part of this first profescional
examnination before entering a medical school or university. The wmajority of
the witnesses favored such a course, At sonme universitles a medical student,
however good his previous education in sclence may have been, 18 compelled to
. 8pend o year in the elementary study of the basic sciences. Other universities,
including Cambridge, now permit a student to enter for the first professional
examination, taking some or all of the subjects on beginning his studles. The
regius professor of physics at Cambridge Informed us that there had heen a
considerable rige of standard since the change was made. A boy who is ahming
at medicine naturally pays special attentlon to sclence in his later years at
gchool, and we see no renghn why he should not he able to pass, at any rute, in
chemistry and physics on entering his university or medical school. He could
then settle down quietly to the study of anatomy and physiology without that
feeling of hurty and Insufficient preparation so often assocfated with the earifer
years of professional study. Some of the teachers in the medical schools ure of
opinion that a medical bias should be given to the teaching of physics and chem-
istry from the outset. Butsuch special arraugersents would be unnegessury {f
students came to the medical school with a sound general knowledge of thoese
sclences such as a secondary school should be able to give in its highest forny,
With this basis to start from, the universities would be able to glve thelr stu-
dents, in the first year of medical study and in direct connectlon with their
work in physiology, a more real Insight into, the numerous special applications
of physics and chemlstry to physiological problems than is possible st present.

]03 The Jfuture supply of medical students.—So far there is no yuteriul dif-
terence in the prohloms connected] with the early edueation of men and wonen
medienl students. But the question how to obtaln in%he future suitable candi-
dates for the medlcal profession is governed hy different conditions in the two
suxes, and these must be considered Independently.

With regard to the future supply of men students, Sir Donald MacAlister
stated that although there would undouhtediy be a shortuge in the number of
practitioners added to the reglster in 1918 and 1919, he did not think thls woull
he more than temporary.

It is, however, extremely difficult to discover the present sources of thjs =up-
ply, as far, at any rate, as Iingland i8 concerned. In Scottand it i8 common
for boys of abllity who have passed with Eredlg through n secondary school to
enter the medieal professton.  In Englund, though thelr school education woult

~ fit them to do'so, very few boys enter as wmedical students from grant-enrning
»  secondary schools, * ¢ *

We believe that several caises led to this preponderance of the schools which
do not receive a grant. The first Is the expense of wedical education ; howv}vr
able a boy may beshis parents, if without capital, often prefer to traln him for
soine occupation where he will he securely provided for on graduation. The
boy In a grant-earning school, though he might wake an excellent practitioner
of medicine, has often Do one to gulde him through the difficuities.which sur-
round his entry to the medical profession. If he enters one of the universities .
with a scholarahip, he may' turn to medicine ag the natural coroliary to his

* blological studies; but he tends to he deterred b) the cost and length of the
education.

8ince war broke out t.here has heen grent Influx of women into the medical

2 'achools. -It does pot seem: llkelv that thls great rush will be.maintained under
v o L cpeace eondltlonl. but all the evldeme prougm before us shows mnt t.he multl- .
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pltcation of posts for women practttioners and the probable further increase of '
such opportunities will attract a much larger, number of women into the pfo-
fession than before the war. . .

The vast majority of women students come from the propriefary schools, the
schools of the girls' publlc day school trust, or similar organizations. A num-
ber of these are inspected and recelve grants. The mnjority of the prospective
students of medicine frown these schools enter by taking a matriculation exami- 4
nation or one of the equivalent Oxford and Cambridee examinations. Now the
way to some of these schools Is open to any gil of sufficlept ability to win a

- @iunty council scholurship, and once a pupil is in one of these secondary schools
she ¢an pass in the natural course of education to any profession. But, as a
matter of tact, it would appear that in England very few girls who have held a

.county council scholarsiip finally pass into medicine. They are repejied by the
cost of a medical education which, apart from living expenses, will certainly
reach £250. There are many women who would make excellent members of the
medical profession, though.they can not face the expenses of & medical educa-
tion. A clever girl who has already shown her ability by pus.‘}hl{z thghexmulnu-
tlons in sclence at her local university may not be able to persuade her parents
to go to the further expense of a medical training; they prefer ler to begin
sarning her living at ouce. ¢ ¢ ¢

PHARMACY,
104. We are indebted to the Pharmaceutical Soclety for a memorandum deal.
{nz with the course of training fur phargnceists, - E ’
. . . . . . .

The soclety makes the suggestioms—

(8) " That fn place of the nulfiplicity of certificates from various examining
‘bodies now recognized as evidence of general education, a Stateconducted or
State-controlted examination should be instituted for which scholars at sec-
ondary schools should present themselves at the age of about 18.”

The adoption of the first school exnmination {see sec. 35) and of the certifi-

. cate of.general education which it will provide would, we conslder, meet the
society's requirements.

(b) “That candldates for the quallfying examination should be required to
unidergo a systematlic course of study in pure and appled science at’an institu-
tion or institutions properly equipped as regards both teachers and facilities.”

With regard to (b), we see no reason why the society should not make it a
comddition of entry for the qualitying examination which they conduct that candl-
dates must have attended schools or institutions approved for the purpose. For
those pupile who began thelr apprenticeship before the age of 18 and without
completing a full secondary school course or presenting themselves for the
second school examination it will be necessary to arrange that they should
.reeolve instruction both in pure and jn applied science during and after their

a appreticeship. There 18 a very considerable number of technical schools at
which suitable courses in pure science are already available, and any deficlency
that may exist in particular localitles should be brought to the notlce of the -
edneation authorities concerned. We suggest further thM. when intending
g pharmacists who have passed the first school exnmlnat]oh%pln further in-
gtruction in the pure aciences by remaining for the period 18-15'at.a secondary
school, assuming It is suitably staffed and equipped, and pass in these sciences
in the second school examination, this should be accepted as satisfactory*evidence .
of the knowledge of these subjects required in the qualifying exngﬂnaﬂof\. These
* puplls would.begln their apprenticeship_at 18, and.would in the course of it

.
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obtain the necessary imstruction fn applied science at approved technicnl or
. other instituttons pro{'ldlnﬁ'clnases in pharmaceutical subjects. We understand
that the number of technical 'schools providing full:time or part-time instruction
in pharmaceutical sclence could without much dificulty be increased to 20 or
more,
ENGINEERING.

105. We now have to consider the character of the secondary school curricubnn
whicli will be suitable from 16-18 for boys who intend to becume engineers,
whether they have a college course in view or not.

As to this there 1s general agreement among the engineers whom we consulted.
It Is common ground that up to 16 there should be no differentiation of the

curricnlum for intending engineers, but that hoys of 16-18 who propose to pass -
} on te (ullo;.o or unl\malt) course should devote special attention to mathe-
matics, mcchunl(s. techanical drawing, ph\\lw and to a less degree chemistry.
These subjects are regarded as essentlul to the later work fu engineering science
which will be done at the coliege or university, and if the work in them is not
carried to a fairly high standard (mathematics, for example, should certainly
include the calculus) tbe student will inevitably be handicupoed I his unfversity
course, Our witnesses further agree thut from 16-18 the education of the
future engineer should not be confined to mmathematics and sclence, They laiy
great stress on the importance of English and the dvls'lrublllty of securlug a
. working knowledge of one or two modern languages,

106. With these suggestions we are In aceord. In particular we would em.
phasize the Importance nf keeping up the general education of the future cn-
gineer. Boys at this stage nrk nitturally and properly attractdd by those sub-
Jects whleh appenr to them likely to be most usetul later: there Is the more

- need for lnying stress on the parts of the work which seem to them to stand
outside thelr professiondl needs. The shsorbing nature of the work that lies
before & young engineer when he flrst enters ou his profession and the long
hours which he may have to spend In workshop or drawlng ofice mutie it
diflicult for him to devote much time to general reading. Moreover a Mhernl
education is the more necessnry for those who throughout their professionnl
eancers will continually be called upon to deal not only with machinery hut
with men. The Inst yenrs at school are therefore ‘of more moinent for their
_ general education than_they are for people in many other walks of life; the
grentest care should be taken to use them to advantage. Bven from the pro-
fesslonal polnt of view it is essential that English shopld be cultivated, for an
engineer will be frequently called upon to explain to the layman the merits of
any proposed undertaking, and It is essential that he should bhe able to do so in
clear and intelligible language. Further, engineering i8 a world-wide occup:-

B tion, and an (-ng‘lneer can not hfford to neglect the enginédering lltomture of other
countries, There are,” therefore, very obvious &dmntages in keeplng up the
study of modern lamzuuggs at school. o

107. We would further point out that the broad foundations in mathematl(‘s
. and sclence on which later professional training must be based can best be inkd ~
. during the years 16-18. A secondury school course which in the supposed igter-
o esta of technical and vocationat study nelects these foundations in order to

‘find room for the more speclatized training which it is the proper function of

“.the enginéering college to provide, may be positively detrimental to the hest

. interests of the puplils. As things are, the universities are compelled to provide

ﬁrst-years courses In mathematics and science, owing to 'the insufficient prepara-
. tiom' of mnny of the students who enter from gchools, wlth the result that-time
?\avallablel for engineorlnx Aaclence proper is unduly mtrlcted. ’
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We do not think that it is necessary or even desirable to separate engineering

o boys for all their work ‘from the rest of thie senlor boys who are specializing in
sclence with other aims in view. Some moditications of their curriculum will
be desirable, e. g., more time for mechanical drawing snd a somewhat different
kind of work In mechanies ; but thé common ground is wide, and the boys could )
de taught together in most of thelr subjects with great advantage. The work
in engineering forms tends to be narrow and empirical ; In ndvanced sclence
forins it 18 often too abstrdact.and theoretical; ench kind of teaching would guin
hy contact with the other.

108. The question is often asked whether It s necessary or desirable to include
workshop instruction for future englieers at secondary schaols. The matter {8
e of grept importance to school governors responsible for providing the neces-
sary buildings nnd equipment. In tha questionnaire which we addressed to
~lovls on the head masters' conference we Inquired specifieally what speclal
facilities were avallable for boys who Intended to take up engineering. The
wrwers showed that only a very small number of schools have fully equlpped/
warkshops with tnachine tools; a larger number, perhaps a quarter of those who

« replied, provide facllities for metal work as a part of the manual instruction
which is not restricted to englneering boys. In somne schools part or all of this
“practical work is done out of school hours. Where there are no engineering
workshops there is often some modification of the curriculum In sclence and
mathematics—e. g., the inclusion of mechanical drawing and graphle statics such
us we have recommended in the preceding paragraph, Sdme schools disnpprove
in principle of providing workshop Instruction speclally for future engineers,
and guote the opluion of the Institution of Clvil Engineers and of the Sovlety
of Englnw?s in suppoert of their attitude. Several of the leaders of the en-
rineering profession whown we consulted hold the same view. ¢ ¢ N

We think this answer goes to the root of the matter. We do not consider that
workshop practice 18 required In the special interest of engineering education ©
ut the school sm;:o;'the demand for it does not come from the engineering
pro€ession.  Certainly time should not be given to It at the expense-of subjects
sueh a8 mathematles, mechanics, physics, and chemistry, which aM™fundanental
tur the engineer. We are, however, strongly impressed by the importance of
ninnual tnstruction as a school subject. Provision for more advanced.instrue
tion may well be mude, and without cmmedlng all that has been claimed for
nanual instruction by its advocates, we think its possibllities have been too little
explored {n many of our leading schools.

109. When boys lenve school at about 18 to o into works, usunlly as premium
pupils, the course which we have skeiched out piny want sone modifiention. It
would beg temporary advantage to such a hoy- at the beginning of his work in -
Ihe shops to have had more practice in handwork than is necessary for others,
“and he should use whatever facilitics and whatever lime the school tan give him
10 acquire this experience. It must be remembercd, however, that the great
lefect of the pupll systent in ‘engineering works is that as a rule no one is -
responsible for the necessary theoretical training; it 5 often left to chance;
1 souud foundation at school i8 therefore of the utmost 1 rtance.

S8CIENCE IN BELATION TO AGBIC}J’LTUBE.

110. We have thougint it convenient to deal in thls.tfe«tlgn with the position of
of science Ih tlie education and tralning of those who are totake part in or df-
rect agrlcultural pursu{ts or industries of all- grades. We have been much -
ussisted in reachlng conclusions in this ma ter- by repites which were furnishd .
to quesuons addressed by us to heads of agrlcultnrxﬁ colleges, professora ot agrl- e

i

O

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

.,

- # those passtng through it, than to adjust them all ns successive steps toward the
.7 hixhegt form Of education. o o '
I}‘ s .o Sevgn of the-agricultural colleges, of which there are 18 in England and*
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culure, and other persong who have ‘hnd & wlde &xperience In the administra-

tlon of agricultural educatfon, and we are much Indebted to them for thelr 8-

sistance.  (8ee Appendix D.) . ) 8

Before proceeding to our <nmediate subject, tt may perhaps be w %tlo
review the classes of the comamunity for whbm our agricuitural edum'a'uul

system must Iff designated. These nre— , .

(1) The sons of lnndowners who will in their turn own considetable cy-
tulez‘x'nn(t"(’n]gi'_v desfre to tuke s much more actlve aod informed purt
in thelr Inanagement than has been custdmary of recent years.

(2) The song of large farmers, who intend to follow farming as a profession

“and will lmye_nﬁ reasunablie nmount of capital at command, .,

(3) Students who Intend to become lund ugents, who will be requirmi to
direct large estutes and sometiwes to manage considerable farming -
enterprises.

(4) Students who intersdl tosbecome teachers in the agricultural colleges,

« officials connccted with hgrlculture, scientific experts ‘und advisers
elther at howme or abroad. R .

(8) Sons of small farmers occupylng from 50 to 300 acres-who, expect to

.. taKe up similar bustnesses. . , .

(8) Small holdérs, farm balliffs, and farm laborers, who will start life
with no particular cupital at thetr Ai¥posal, and @ho will at least

beg&n by work‘lng dirgetly upon the land. - I .

The first fo¥fy classes will ns n rule pass through the ordinary public or
secondary school and then proceed elther te the university or to an agricul-
tural college of corresponding raunk, recelving as a rule some further profps.
sional training before they gmbark upon “thelr career. The fifth group; the
stutller farmers' sons, may expect to recelve thelr educntion in the country’

‘ grummar schools, followed by a teohnlcixlqtglnlng at one of the farm insti-

tutes. The last class.will recelve un education-at the elementary schools ung, 1
the cbntlnu‘ntlon schools, which we confidently hope will become u lnecessiry
part of the 419:;40nnl systend. of education tn the near future. '

In_making this reugh classificatlon we do net for a moment wish to put
out  Of skght the necessify of establishing the educational lnidder wherehy a
boy of parts may obtaln’ hig“opportunity, from whatever rank of sacfery he

‘ ptarts.  We' mustd however, lay “tress on the fact that as agriculture is o

Busingss which can not be embarked upon wlthput capital, much less use can
be mude of the educational ladder fn farming thati ¥, many other professions. - *
The briillant boy who is picked out from tie clementury schiooftand eventunlly
renches the unlversity or the agricaltural coliege has, with fhe present orgnni-
zution of British agrjeplture, hut little opportunity .of taking pnrtfhlﬁlsclr In
fnrinlng“or the management of land; almost his only owtlet les in teaching
*or M pfficlal or egpert work. It fs mosé important therefore to make cach
stage in agricultural_gducation really’ preparatory to the®orwal vocation of

-, Wales (2 suspended because of the war) and 8 in Scotland, givd.a three or° -
{aur-year course of lnstruction leading to a degree at one or other of the uni-
verdities with which they are'affiliated. The Unlversities of Dutkam, London, .s
Wales,” BancheBter, ‘Leéds grant a B.Sc. ddgree In agriculture:, at Oxford

-*and Cambridge # studer®’¢an.wonly obtaln g mplomn in agriculture, which counts
fot. sbme portion of a pass dex&.’. : These degree courses agree Ip requiring a

preliminsgy examination in piife science, generally Jtaken at the end of thé
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first year's study and not greatly differiug from the p'rellm@ary scientific

" examioation re([ulr(.:d from medical students. The course embraces the eltinents
- of Inorganic and organic chemistry, in botany a general outline ‘of morphology

und physlology, in zoology & similar descriptive sketch of the animal kingdoib
with speclal veference to certain orders of fmportance. in agriculture. .\t
most of the colieges these subjects-are taught in the laboratory as well as the
lecture room, though the examination may not include any b;uctlcal tests,,
Certaln other sclences are generally taught In the first year's course—e. g,
geology, some physics and Digchaples, though they may not be lnclwyled in the
cxumination syllabus. Though wése courses are so slightly speclalized, and are
o such a large degree identical with the courses In pure sciace followed by sta.
dents for the prellmipary stages of the medical or scieptific degrees, 1t lis
lwen found desirable, where the school 18 largé enough, to provide sepurite
instruction for the ugrlcultur:al student. Apart from the agricultural bias by
wiy of selection and fllustrution that may be given to the most elementary
und general course—e. g., in chemistry—it has been found by experience that
the agricultural studeht did not flourish as one of a small minority In a geneiual,
course of sclence. Very often his p?ellmlﬂlry preparation for the study of
sclence had been even more scanty than that of his fellows, sclence to him
wys difflcult and agninst the grain becanse as yet he had little fecllng for the
relation It bore to his real ‘subject of agriculture, It-hgs been sald that all
pure sclence fg allke at this stage In education and tha® the future doctors or
engineers or farmers can, under existing conditions, nll.shnre in one unspecial.
izel course. A university?course, however, does becorue specialized, in chew-
istry for the future chemnist, in botany for the future hotanist, because the
tencher in pure sclence follows his own bent and gives a professional type of
instruction, designated to train men of science. Feor example, the chemist
fln¥s the valency of nitrogen more interesting than the part the element plays
In the nutrition of the plant, but the student bf agricultiire rurely possesses
the ‘detachment of wmind or the disinterested love of learning that permits of
much attentlon to such questions. Hence it has been found, if only as a matter
of self-interest, that in its efforts to enforce a reasonable standard of knowledze

.M p?u-e sclence the agricultural depnggment of a university needs to npjoint

its own teachers for the elementary pure sclence required for the prelinnary
degree examination. Dagbtless this necessity would not arlse if Me university
or the agrigultural dollege were able to count upon a reasonable kno‘edge
of scfBnce on the part of the sludm;ts' :\'hon they* enter. But the course oof

“instruction at an agricultural college has at present to be based on the

hypothesis of co.mplete tgnorance of n_ll the sciences on the part of its entering
students; the greater part of the first year has to be spent In hurrledly putting
the student through these rudlwents, which have often to be selected und
peptonized to an unedrnt_lmmluk-greo because of the lmitations of time. Nor

,:I«{os. the evil end with the first year:the student Is always belug hawmpered

by his~hasty and ad hoc fostruction in pure sclence. For example, he I8 as

{ rule called upon fo carry out certain annlyses of fertilizers, etc., in his final

eoiirge ; very -rarely are these more than pleces of unmtel}lgent' routine, be-
eaise time has not atlowed him to pads through the appropriate prelininary
y o \ °

Ml In quantitative chemical waork. .

" Laék of school training In sclence causes not merely a loss of time at the
university or agricultural college in acquiring the elementary Instead’ of the -
special training appropriate to that stage of education. but it Induces & ¢ertain
stiffness of mind and slowness, of npprehension that s n grent handicap to
the technleal ‘student approuching ‘sciende for the frst time. ' Elementary’
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chemical facts gnd conceptious that are easily absorbed at the age of 14.ur
"15 become reay difficulties at 18 or 19 to the same type of student intert on
“agriculture. P
1t is often said by university teachers that they prefer students who huve
learned no sclence at school. This probably means no more than that they
prefer the boy of all-round ability who for that Very reason has remained ou -
the classical side at school to the sort of boy who gets drafted across to sclence;
for the type of boy intended for practical life the absence of a school tralning
in the elements of science means a definite loss of time and opportunity In his
technical training. ' o
112. This i8 perhaps hardly the place to discuss in any detail the curricuium
for an agricultural degree. The difficulties lie in the number of sclences wiih
which agricujture 18 in contact and the temptation upon the body framing the
course is to insist on some acquaintance with each-of these sciences. Chem-
istry, botany, geology, bacteriology, entomology, meteorology, and many others
find each their applications in ngrlculture each again possesses teachers in-
sistent on their rights to a share in the agricultural student before he can b
regarded as qualified. The danger would be less if the subsequent examination
were not conducted from the specialist point of view. The result is that two
many of the degree courses in agriculture are overloaded with sclence and with
delences the value of which in.the educational scheme has never been welghed, to
the comparative neglect of agriculture itself and particularly of its economical
and quantitative #ides. 'For it must always be remetibered that the agricultunil
) course ending in a degree though mainly occupied with science subjects, does mit
: produce men of science for the service of agriculture. The young man who has
only learned his cbemistry as an agricultural student is not fitly prepared for the
career of teacher of agricultural chemistry, expert adviser or analyst, bewiuse
he has not been properly grounded in pure science. The future teacher or ox-
pert should graduate in a school of pure sclence and acquire his agriciitural
special knowledge as a postgrhduate and rqunrch student. From the point of
view therefore both of the farmer and the expert, the current degree courses lu_
agriculture might well be revised with a view to shedding a good deal of matter
which Is of interest only to the professional student of science and thus leaving
room for inore instruction on the economic, historical, and social aspects of
"agriculture.
In the foregoing d¥scussion attention has been concentrated upon the degree .
course, but the number of the students in agricultural colleges attempting the
. degree course is always: small in comparison with those who take Instead aymore
) limited course, generall) of, two. years'’ duration, leading to a diploma or »
- certificate. T'his course i slmllnr to the degree course as regards the agricul-
e tural instruction, but is wenker on the scientific side, especially as regards the
© * preliminary Introdnctlon to pure sclence. J[n fact It 1a not unfair to descrihe
- ¢hie diploma or “certificate courses as degree courses watered down to meef tho
wenkness of students coming to the college without a preliminary acquaintance
. with sclence and Insufficlently persunded of the value of a technical training
to pursue it with due thoroughness. Under present conditions these comxes '
miust be regarded as necessary. Even this lipited course Is not completed by
the majorlty of the students, who content themselves with some portion of it
and’ leave. without obtalning any qualmcatlon This result must in the main he
.set down to the”lnsumdent education, espicially on the sclentific «me, of the
students before entry. They. think they have come to learn asriculture only;’
: from the want of any -preliminary acquaintance with the matter "they sre
.’ - daunted by the scientific subjects; they demand to be taught the results. withont
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nndergoing the training which 18 needed to make the results vital. Those
responsible for education in the agricultural colleges are engaged in a con-
stant struggle against their students’ demand for short cuts to knowledge.

113. The agricultural college or university department of agricditure can ut
best provide for the education of a minority of the future occuplers of land—
the landowners and their agents, the large farmers, the teachers, and experts;
the bulk require a training that is less ambitious and that runs less risk of
divorcing the reciplent from the seH. It is the function of the farm institutes
to provide this tralning for the sons of the‘smaller farmers, bailiffs, etc. The
farm institute is a comparativelv recent conception In Engiish education and it
can not be said to have crystallized as yet into a definite type. Two formns
exist, one of which may be described as & farm school, the other as a winter
school of agriculture. The farm school takes whole time residential students,
geunerally about the age of 16, for a year's course, partly spent in the class-
room, partly in manual work upon the farm. It {8 a mixture of apprenticeship

struction In the pupils, as also by the want of educational outlook on the part
of the teachers, so that the course often represents an attempt to compress the
whole college course within the narrower limits of time. But whatever these
“faults of conception. such farm schbdls do make for enlightenment in their
own district: they may teach often the wrong gort of things and teach them
hadiy, but they do introduce their boys to. the applications of thought aud
intelligence to their Industrial life, they induce the feeling that kaewledge exints
atd can be put into practice, they provide indeed stimulus at an mpressionthle
age. From the educationsl point of view the winter ‘school of agriculture is
tie preferable organization. This provides a course of instruction lasting for
10 to 16 weeks during the winter at sone (‘enwr with residential facilities for
voung men of the age of 18 or upward, who come frow the farm at the slack
seasun of the year and go back to it in due course. The course of Instruction,
however practical, can omit much of the inmrmmlon about processes generally
regnrded as necessary and-everything in the “nature of manual teaching: the
papils come off the furm and are already acquainted with its routine. The in-
strijetlon ean concentrate on the scientific and economical principles on which
the prnctl@ hangs. When fully orgnnized a winter school should have two or
R three courses succeeding to one another and making up a whole, nnd the student

titled to some sort of diploma.
At this enrly stage in their development it is dlmcult to say anythlng of the
*aelentific training that should be preliminary to the winter schools. They will
he recelving: puplls who have either béen to'a country grammar school or
secondary school, or often only to an elementary or a private school. - In the
fture lt'ma) 3vé hoped that the bulk of their pubils will have passed through
three” or four years of continuation school training, and will have acqﬁlred
- u-hasis of knowledge of chemistry and betany.. Until;there is this bnsis farm
institute * teaching besides losing time in endmvors to repair the omission,
wust always remdia unsound ; many mvsterlee will be pronounced upon with
authority and’ acceptedt with faith, many bleised words will hide the lhck ‘of

inquiry.

ndary schoola to boyn who. intend

S _‘,\_, «:‘ . : Ty 1

and education, apd the time allowed 18 too short for either. The classroom’
. tesching is greatly handicapped by the general lack of previous scientific ib-

knowledge; both learners and teachen ‘will lack “the; spmt of critlclsm and‘

who had qualified by attendance fh three successive winters' should be en- .

+

114. We may now proceed to conslder Whlt scieuce should be taught lu 1o
to procee@to a\unlverslty or u uﬂ-_»
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* through which are passing the future landowners of the country, is this intro-

. system and the history of the English agricultural community. In these

- agriculture, which should constitute the technical training they will require

;should not attempt to imclude agriculture or agricultural sciences, but should

’ __.wlth ot coutse .mathematics md Euglish., Whether such a student should
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cultural college, to bays In fact who belong to the first four of the categories
Indlcated above. All our informants take the view In which we agree that
agriculture or agricultural sclence should not form part of a secondary schoo)
course. All emphasize the point that the best preparation for an agricultural
course at an institutiob of university rank 'is a good general education up to
the age of 18, and they deslreas an essential part of thig education a generalized
acqualntance with the wh‘ole field of the physical and natural sciences.

While we agree with this view we feel it mecessary, in the light of the evi.
dence that we have received, to make {t clear that even this generalized ac-
qualntance with science must be mude subservient to and buflt upon'a soumi
foundation in Eoglish and mathematics. Students intending to proceéd to
agricultural colleges, who remain at secondary schools until 18 or so, should "
continue a general sclence course rather than specialize in agriculture. The
blological sciences treated from the physiological side should be added to
chemistry and physics, and the general educatlon the boys are continuing
might well include some Introduction, by way of stimuluey, to such subjects
as economics and industrial history. Particulurly at the public schools,

ductlon important. - It {s necessary to kindle the boy's mind to an appreciation
of the responsibilities and the opportunities attached to the ownership of
‘land, and this can be well and educatlonally done by somewhat inforinal
courses dealing with such questions as. the development of the English fand

courses the aim should be stimulus rather than instruction.

The teachers of science o the secoudadry schools might, however, well be
reminded to keep agriculture in view in thelr treatment of the pure sciences. |
For example, the facts that nitrogen compounds are essential to vegetable

_growth, and that plants bulld up proteins and the other complex compounds |

of nitrogen from nitrates and anaximonia, are just as g ape In an account of |
bitrogen as the part which that element plays in the constitution of explosives,
though the latter only will usually be found In the textbooks. Again, the pro-
visipn in the school grounds of a few plats showing the specific action of ferti-
lizers containing nltrogen. plosphoric acid, and potash may be considered as -
part of the essentlal experimental equipment of a chemistry course, to be
regarded not as & leason fn manuring, but as a demonstration of pure science
Similarly there are many outdoor experiments with seeds, plants, fnd trees

- which should be treated as norrbal botany, apart from their bearings upon

bortlculture or farming.

The boy who Intends to become & farmer or to follow one of the professions
connected with agriculture should be encouraged to galn some practical ex-
perience by spending his summer houdays at work upon a farm,

For boys included in our 8fth category, who imtend to becomm workim‘
farmers, &8 normal seoondary school coutse up to 18 forms the best preparation
for that attendance at A course at the farm institute or winter school of

There 18 nothing to differentiate in kind between the secondary school course
requiged by anch students and that which we have indicated as sultable te the
boy who.intends to proceed to the university. The secondary school course

‘provide a. sound groundwork of physics, chemistry, and physiological botany, *

m-ughg to the farm institute from the secondary- school or g0 back
umo hhtnthzrcumh amattetnponwhlchnolmr(l and fast ‘rule -
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can be 1ald down, but an en'arly acquaintance with the routine work of a farm ,
and un actual apprenticeship to its chief manua}‘ operations are of the utmost
{mportance.

115. We have given some copsideration to the question whether a secondary o
school with a rural bias is likely to perform useful work either as an alterna-
dve to & farm iostitute or in preparation for it. We think there may be a
place for insitutions of this kind if they are carefully organized and aré estab-
lished where conditions are favorable. Ouly in a few districts are the ma-
jority of the pupils at even a country secondary school going back to the land,
so that the whole trend of the iostitution can not be directed to the end of
truining farmers. Such schools can not be satisfactory alternatives to a farm
institute, though they may form a good preparation for it. It 18 of very little
use to create an agricultural side in such a school and to segregate at the top
of the school a certain group of boys who are occupied with definitely agri-
cultural subjects. Unless the whole bias of the school in its upper stages
can be made rural, it will be better for country grammar schools to aim at
glving their boys a.good general education in commion. Fair success does seein
to have been sttained by a few of the rurai secondary schools which have
attempted this form of educatlon, but this appears in the main to have heen
due to the enthusiasin of the heedmaster and to his power of directing the .
foterest anéd Intelligence of h#s pupils toward rural fife, rather than to the »
practical benefits of the actual instruction given. The “chiet difficulty about
such schools will always be to find a headmaster who combines the necessary
experience in teaching and organization with such an appreciation of the work
of the farm as will show him what matters of agricultural experience und
routine can, educationally considered, be included within the sclionl course.
It is not necessary that the headmaster should himself have any expefience
of the practical working of- & farm. but he must have a sufficient sympathy
with {ts methods and objects to be ahle to steer between pureW academic in-
struction and the glving of practical tips or scraps of agricultural information,

116. The education of the farmer, however good. the secondary school may be,
will be serlously deficient until there is a well-equipped and well-attended farin
Institute In each considerable agricultural center. The setting up of these
Institutes has been urged by the board of agriculture for some years, and it
1s full time that rapid progress were made in developing them.

. . . B . * e -

It {8 to the provisions of the education hill with regard to continuation
schooling that we look for the improvement of the education and outlook of
the future farm laborer or small holder. We are aware of the special difficul-
ties in rural 'distrlcts of organizing classes which are to” cover as much as
820 hours in eéach of the four years from 14 to 18, hut we believe that these
difficulties can gradually he overcome, and that nothing wooull tend more to
make country life what it should be than their successful solution. The pro-
vision, of good teachers will be a diftficulty which wilk be felt everywhere and
especlally in the country. Money will he well spent both by the State and
the local authorities in providing facilities for their training.

The question has often been ralsed whether fnstruction tn rural subjects
ought not to be more geoerally included in the curriculum of the training col-
leges. The main difficulty lies in the fact that ‘fnost of the students at the
training colleges are not expecting to take service In the country schools, and
that such & course would only be wanted by a minority, - Better results wonld
be attained by a system of studentships wheréby the youuger teachors.alrently
establlshed in" the country Bchiools could go for a time to the agricultural de-
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- - the personal qualities of judgment, accuracy, understanding, and insight.” The

% men ought to be trained speclally for this line of business™; apparently. the
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-partiments of the universities for courses specially_orgmnized for their benefit.
.This system should hold both for teachers in the elementary and the continua-
tion schools In country districts.

*117. The course of instruction in the continuation.school in rural districts
shienld not alm at agriculture nor attempt to auticlpate the technical instrur.
tion of the winter schools of agriculture. Its aim ‘should be to keep the boy's
mind growing, so that he may become interested in and receptive of the op-
portunities for special trauining that will come later. Rural subjects should
be used a8 means of education, not as ends in themselves. We may Instagce
is valuable subjects when treated in this eplrit—

(1) Messuration and applied arithmetic leading up to the taklng out of
quantities ; land measurement with a chaln;‘@’vellng for dratunge
operations.

(2) The elements of chemistry and botany. '

(8) The elements of animal physiology and hygiene as bearing upon the
feeding and care of live stock.

(4) Ejementary mechanjcul principles as filustrated in muchines.

Direct "inxt-uction in crufts like hedging, dairy work. etc., finds no place in
such & course, though the gardening instruction given ip the elementary
school may be continued.

The elementary school—It I8 generally axreed that no direct teaching of
agriculture should be attempted at this staize. The elementury .sclence of
plunts and animals that may be labeled as nature study should, however, be
tnnght' in every rural elementary school. Every rural school should have a
garden large enough to provide a plat for every child or pair of children in
thelr Inst year at school. The school garden provides useful educational train-
ing, and u knowledge of gardening I8 necessary to every man who is going to
live {n the country, whether as farm servant, rallway porter, or shop assistant
and very useful to the women who become thelr wives.

THE CHEMICAL INDUSTRIFS.

118, It did not seein to us to be possible to institute inquirles as to the suff-
clency of the training provided by schools and technical institutions for the spw-
cial needs of all the varlous industries which depend on a knowledge of scicnce.
But In view of recent developments in applled chemistry we invited a nuuiber
of chemicn! manufacturers to reply to the questions set forth in the np
pendix. We also consulted witnesses, selected 'by the conjoint board of sci-
entific societies as able to speak with authority as to the sclentific profes-
stong, to give us their opinion on the present condition of the teaching of
chemlstry In schools~und universities, and to make suggestions for reforin.

Sixteen firms, including gome of the largest in the country and representing )
the main subdivisions of the Industry, sent valuable replies. . It was very satis-
factory to find that in a large number of answers special stress Is laid on the
value of general chemical education ‘rather than on the possession of dbtailed
knowledge of the particular processes of the factory. "The Increasing subidivi.
sfon of the Industry and the rapld development taking place in all the branchies
“ reduce4he value of the mere acquisition of knowledge but increase the value of

‘opposite view was formerly very common, and it is not extinet; thus the opin-
.lon is expressed that “ previous chemical training, though indispensable, is of
too general a-character to be of much commercial value”; and, agaln, that

beginner I8 not to be allowed to go into the water uitil be has-learned. to' swim. .
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But the prevalling opinion {8 that special training is best given at the works
and that the time needed before a.man becomes of use to his employer will be
shortened by thorough geuneral chemical training. The employees {n chemical
works who recelve any systematic training in chemistry may be classified as
ta) junior assistants, (b) works chemists and analysts, (¢) research chem-
§stz, (d) works managers. Junior assistants are recruited from the technical
schools and to a small extent from secondary schools; the technical colleges A
rrovide a supply of process chemists and analysts which was adequate before
the war ; the research chemists get their early training as a rule at a university
ur local -eollege, and a course of physics and chemistry which leads up to re-
seirch work, even of a niodest type, Is said to fit themn for their duties. But
the evidence seems to show that the duties which some of our correspondents
have in mind are of a restricted kind and that n greater development of the
research gide of chemical industry than they contemplate is needed. The reul
difliculty I8 to get competent works managers with enough knowledge of sci- .
ence, enough appreciation of the point of view of the engineer, and enough ’
power of thinking quantitatively on questions of energy. Our-correspondents °
do not make many deflnite suggestions for the education ‘of such men befure
thiey enter the works, except to recomniend training in drawing, and the estab-
lishment of laborutories at the technicnl coileges where processes can be con-
ducted with appliances more llke those of the factory than those of the ordi-
nary laboratory. The science work of a secoudary school boy who means to
proeceed to a university or techinical college with a view to entering the cheml-
cal industry need not differ from that of the boys who make the physical sci-
ences their chief subject but {instruction fo technicnl drawipg would be of -
gpecial value to him.

Continucd education of employees—In almost all the works some facilities -
dre given for attendinug evening classes, and sometimes attendance is8 a condition
of employment up to the age of 17 or even 19; but there is evidently room for
muchs more cooperation between the works and the technical schools of the

© district,

ARMY AND NAVY,
E 4
110. Science and Wélitary evlu(atlon —The normal avenues to commlssloned‘ *
rank in \he army are through the Royal Military College, Sandhurst, for cav-
alry, infantry. and the Indian Army; through the Royal Military Academy,
Woolwich, for royal artillery and royal engineers. The competitive examina-
tlons for Sandhurst and Woolwich are held concurrently. g The age limit for
the forine¢ was 17-19; for the latter, 164-184.» The length of the course at
Woulwich nd Sandhurst has varied from time to time. but the f{deal—seldom
attained infhe case of Sandhurst—has been a course of two years. The obliga-
tory subjedts for Woolwich are English. history, and geography, French or
Gerinan, mathematics I and IT, sclence. 1In ench of the obligatory subjects
n qunllt‘ying minimum mark of 83 per cent must be obtained. One more sub-
ject mny be selected frow. mathemntlcs 111, German or French, Latin, Greek;
freehqnd drawing may also be taken. For Sandhurst the obligatory subjects,
nlxo with a qualifying minimum,; are English, history, and geography, French
' or German, elementary mathematics; any two of the other Woolwich subjects '

may b&taken By sclence 18 meant physics and chemistry, but it s noticeable’
that the mlaimum qualifying mark may be galned by Knowledge of one of
these subjects. Though much of course depends on the skill with w hich pnp(-

are set; we ht\ve no definite-criticism to make as to the subjects tor Woolwich--

the.v may be' regarded a8 forming a uound lchool ed\)catlon for boys wlth 8 EX
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bent toward science and mathematics. It i8 hoped, however, that changes will
bhe made hy she type of sclence papers to bring them inté harmony with the
generni course in this subject that we have elsewhere suggested. .

120. At present an officer passing through Sandhurst may have had no in-
structlon whatever In science before he enters. He will receive no scienco
tenching while there or after leaving. It is hard to see the justification fur
intrusting the lives and welfare of men to officers who have had no opportunity
of getting a secure hold of the knowledge of the simpler laws that govern
wenther, food, personul hyglene, the applications of electricity and optics and
innumerable other factors that affect the daily life and work of a soldier,
Yet 1t was stated to us by a witness speaking ‘on behalf of the General Stafl
that “hitherto the Generai Staff had been of opinion that lnfaniry officers
did not require to have & knowledge of sclence. The General Staff- had to
think of the good of the service as a whole, and their view had been that the
military efticiency of the officers had not suffered frown lack of;sclence..’ It'wna
~finpossible to gay what the view of the Geueral Staff would be after the war.” "
A knowledge of stience seems to us to he 80 necessary for an officer thut we
congider that it is essential that it should be transferred from the optional
ta the obligatory subjects for Sandhurst. As a corollary to this change, time
should be found in a course lasting from one and one-half to two years to cirry
on the educatlon of the cadets in this subject. It is no less urgent that officers
of all ranks should have a keen appreciation of the scientific problems in-
volved Tn methods of modern warfare by land or alr and their relation to one
another. .

At Woolwich, though science 18 a compulsory part of the course and adequate
time seems to he given to it, the results are disappointing, especially in view
of the abllity of the successful candidates. It seems a pity that greater efforts
are not made to give science a more linportant place in the course. The eq .ip-
ment is inferior to that of Dartmouth and the system by which the chief in-
structor, who is a military ofti er, holds this appointment only for a short time
dues not make for continuity, and renders it dlfﬂ.cnlt for him to observe the
effects of the changes he may have introduced. In fact it seems, in spite of
soume obvious advautug sacrifice educational efficiency to less important
considerations. Q‘

- For many years a large number of the ablest boys in the publlc schools have
passed into Woolwich, and very few have secured a cadetship at all without
possessing sowe abllity or an unusual capacity for hard work; but owing to
the absence of any attempt to make graded subdivisions in science among the
cadets who enter together, diie no doubt to insufficient accommodation and stafl,
the best are often returded, the weaker are dragged along, to the detriment of
both.

It is evident that cadets who possess high scientific abilities are not given

-sufficient opportunities for developing them at Woolwich and, when they leave.
little encouragement is flven them to improve their acientific qualifications for
the benefit of the country, We were told by a witness: * Practically all the
¥ - abler cadets got into the engjneers, but, broadly speaking, the fact that a man
h had high sclentific abilities gave him no advantages in his military career, i
8uch men were allowed to apply for the ordinary billets that were available j
for engineer officera, with the result that they dld not pursue thelr scientific
i studles.” '

.'. [ ] . *

122, Sclence and. naval educauo».—'l‘he committee had the advantage of
hurlnz export ev!dence on tho edu;nuon xiven lt Owome and Dartmouth.
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In both these colleges great attention is paid to science, and though English
suljects and a modern language are’ taught, it is on the teaching of sclence and

" muthematics and engineering thut most stress is lald. At present science 1

not one of the subjects for the entrance examination for Osborne. We hope
that it will be included on the lines suggested by us for entrance to public
schools.

From the evidence it appears that the cadets make very satisfactory progress
and take thelr work more seriously than boys of the same age at the public
schools. " This is to be ascribed to the fuct that from the first the boy knows
tbat a1l his work seems part of and counts toward his professional career;
to ' .e possibility of dropping a boy whose® progress is constdered unsatisfac-
t ry, aud thus closing his career in the Navy; to the salaries offered that
attract to the college spetially efficlent masters, and to the teaching of science
and mathematics belng kept fn close touch with prnétlcal applications, The
cadets are so prepared as to have their knowledye at tliefr finger-ends—to be
able to make a practical use of ifrather than to carry it forwdrd on theoretical
lines. The generous expenditui'a on laboratories of all kinds contributes some-
thing to the result, but makes these schools less valuable as examples of
method for others. The alms are more uniform and much more definite than
those of a public school. There can mnsequent.ly" be more concentration on
the subjects which are considered to be of special value for naval purposes.

The higher "training of selected naval officers 1a carried out at the Royal
Naval College, Greenwich, followed by courses at other special schools; but the
weakness, perhaps inevitable, of this nrrangement 8 the long gap that elapses
between leaving Dartmouth and entering Greenwich.

123. Scientific research for the scrvices.—The experience of the war must
surely liave taught us that the sclentific problems suggested by the needs of
the services are so important and so complex that a speclal permanent organiza-
tion is needed to deal with them. Whether this need can best be met by de-
veloping existing estahlishments or by setting up a pew institution to be
shared by the Army, the Navy. and the Alr Service 1t 18 not for us to determwine;
but we are convinced of the urgent need of such an organization. An estil-
Nshinent of this kind would afford ataple scope for those officers of talent who
ghpw special aptitude for research and whose sclentific ability might otherwise
be allowed to run to waste. In the direction and control of ite work officers
of naval or military training and experience should be associated with men
of high sclentific standing who had proved thelr activity and inftiative in
sclentific or industrial research not necessarily related to the applications of
sclence in warfare. ' '

On the subject of the relation of science training to home and
Indin civil service, the committee made the following recommenda-
tions: © g ’-

1. That all candidates for the competmon examination for these
services should supply evidence for continuous course of ‘training
i science extending: over several years (secs. 125-128), Y

2. That to insure sufficient catholicity in questions propounded in

the viva voce examination, these examiners should include some rep-
resentative of science (sec. 127).
3. That the age limits of the Indin civil service: and the umversnty

entrance scholarslup .exammatxons should comcxde g0 far ag possnble _
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4. That if science be not required, as urged in recommendations for
-the India civil service, it be a necessary supplementary subject to

either the classics or the modern language?c the main sub]ect (sve.
129).

5. That many permanent posts can best be filled by men selected
not by the ordinary competition examination, but at a riper age on
the ground of high scientific qualifications and professional exjec-
rience (sec. 128). .

6. That an inquiry should be made as to the best methods of
securmg the services of scientific men” for the purposes of the State
in permanent posts and otherwise, such as certain of those in the
Home Office, the Board of Agriculture, the Post Office, the Gavern-
ment Laboratory, the natural history departnient of the British
Museum, the Geological Survey, the Science Museum, the Metcoro-
logical Office, the Royal observatories, and the Patent Office (sec.
131).

. . IIL—UNIVERSITY EDUCATION.
' INTRODUCTION.

182. It can not be necessary to lay stress on the enormous tmportance of the
contrlbution to education that is and should -be made by the unlversities. t'lLe
teaching in the schools must be barren unless there is passing from the uui-

.- versities to the schools a fertilizing stream of teachers. The outlook of the
schools must be narrow unless the universities are setting before them ideuls
of accuracy in knowledge and eunterprise in (iscovery. Territory can never

| be won from ignorance unless there are working at the unfxersltles. the true

. homes of research, wany who can inspire enthusiasin as teachers, many who

can themselves do pioneer work as explorers and some even who, like Browl:
ing’s grammarian * with a great end to pursue, dle’ ere they kuow it.”

We hope that when our suggestions us to secondary education have been
carried out the universities will be freed from most of the clementary teaching.
that has up to now tended to distract their attentlon from their proper province.

In this part of our report we propose to confine ourselves to those univerxity
questions which are speclfically concerned with the teaching or study of science:

. we did not consider that under our terms of reference we were expected to deal
with the wider questlons of university government and finnnce,

. ;,.‘ . . L ‘. . . .

We addressed to the universities of England, Scotland, and Wales a question-
naire on the subjects which seeled to us of special Importance and interest in
connection with the study of sclence at the universities, and we are greatly in-
debted to the authorities of these universities for the full and careful answers
they mai}e to the questions and for the assistance they have given us, 1-

As a royal commisslon has been appointed to cunsider university education in 3
Wales, we have not thought it necessary to deal separately with the position of
prience 1n the Unlversity of Wales, .

ADHISSION TO THE UNIVEBSITIES

133 Nearly all the unlversltles hold examlnntlons to test the fitness of candi.
.;dntes to enter on the ‘courses of academic smdy which they provide. "Most of
Y tbeoe enmlnatlons test, the ‘general _ucauon ot the eandidaw, rather: than hln £

s

o

ERIC

Aruitoxt provided by Eic:



o

ERIC

Aruitoxt provided by Eic:

[ UNIVERSITY EDUCATION. 7

pafticular fitness for the work which-he wishes to undertake. It is béc(ﬁnlng
more and more common for a u_nlverslty to accept as alternative to a part or the
whole of its own tests the corresponding examinations of other universities and
other examninations guch a8 the Oxford and Cambridge schoo! examinations tuken
in secondary schools; sometimes the number of such alternatives is very large
(at Oxford there are nearly 50 alternatives to responsions), but there s Iittle
<ystern in the arrangements, and. as we have already pointed out, the want of
system 18 distracting both to the candidates and to the schools Wwhich eduente
them. We have welcomed the proposals for the first schgdl examination because
it adapts itself to the general education given in the schools. The attainment of
a1 sufficient standard in this examination woyld provide a guaranty that the
«tudent has carrled his general education far enough td® profit by a university
course,

In our opinion the universities should adopt such an examination as the normal
test for entrance with such limitations or amplitications as they may find neces-
sary, retalning the power of admitting after special examlnation or other test
those candidates who may not have passod through n normal course of education.
We recommend that except for such mndldntes special matriculation exainina-
nnns including responsions and the preﬂnus examination, should be abolished.

L . L [ [ L [ *

COMPULSORY GREEK AT OXFORD AND CAMBRIDGE..

134, All the witnesses we have exmnined who have expressed any opinion on
the subject have heen unanimous in condemning the retention of Greek as-a
necessary subject for a degree at Oxford and Cambridge, and w ith this condemna-
tion we are fully in accord. We consider that the requirement *of a compuisory
minimum knowledge of this language <orves the interests of neither letters nor
geience, that It is A real and hritntlnyhlndmnce to the study of scleuce at these
universities, and that it should be removed at the earliest possible moment. 1fa
classical language is required, we think Greek should be an alternative to Latin,

As a rule after obtaining au entrance scholarship in sclence at ont of "the
colleges of Oxford or Cawhridge, a bay hegins to cram enough Greek te enable
him to pass responsions or the previous exnm!p’ntlou. The last term at school
hefore euntering the university ought. if wisely :employed, to play an iniportant
part In a boy's intellectual development, for he ‘then has the time to widen his
wutlook by Independent thought and study, and thus correct some of the limita-
ttons of his reading which are almost inevitahlé in the time during which he
hns to prepare for a scholarship compotlllou Tl’lh opportunity is, however, nulli-

" fid if be has to tnke up the supev ﬁdRLﬂtmh of Greek and to revert to work of a

Jower standard and more elementary grmle than any that he has touche! during
the Intér years of his gchool lirg. The process by which he hastily ‘gets up
this knowledge muy exercise the nmemory, but by no stretch of the tmagination
can 1t he concefved to train him In literature or in any other way to educate his
mind, Even greater harm 18 done to a boy who though not up to scholarship
standard is perfectly capable of moking gond use of the opportunities for the
study of sclence at the university.

We are keenly alive to tbe necessity for developing the memry trnlnlng of
the student of science. This objegt is certainly not attained by causing him to
learn by heart a translation of a set honk and a portion of Greek grammar.

ADMISSION OF 0VEB~AGE CANDIDA'I‘ES.

185. It happem ‘not infrequently that in consequeuce of some chnnge of. plnns '
camlldates wlsh lo cmer 8 unl\erslt,y long after they hnve ~lett school -perhupa
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after a perfod of occupation in some kind of technical work. It seems unreason-
able to expect such candidates to show the same knowledge of the subjects of a
gecondary schooi course as may fairly be required of'schoolboys. We therefore
recommend that the universities should not require them to pass the ordinury
matriculation examination, but should make special nrrangements to test thelr
fithess to enter on university work. We have ascertained that most of the unilver-
sities would favor such n change. The number is uot{llkely'to be 80 large that a
specint test of each individual candidate would present serious difficulties, 1¢
would, however, be desirable to llmit this exceptional ('nodg of admisslon to candi-
intes over 23-years of uge,

ENTBANCE SCHOLARSHIPS AT THE UNIVERSITIES,

* L L L [ ] . [

136. At the outset we think it desirable to lay dbwn two .general principles
which should in,onur opinlon govern the award of seholarships; firatly, acholur-
‘_shlps should be definftely nsgocluted with the iden of -distinction conferred in rec-
ognition of intellectual merit and promise ; secondly, they should be of u nominnl
value (say £20), to be supplemented if and so far as scholars require further
assistance, ’

137. Fromn the evidence before ua we are convinced that there is need even now
for larger expenditure on scholarghips, and that this need will be greater in the

’ future as the waste of talent due to imperfections in the present system of edu-
cntlon {s diminished. In this connection we would draw attention to the evidence
of Prof. Farmer, who stated that * the national value of the royal scholarships
was admitted hy all who were conversant with the facts.” and added that " 1f
more scholarships were available a largely fncreased supply of qualitied students
would be ohtainable from secondary and evening schoo!s. At present there was
a wastage of brain power due to insuflicient scholarship provision. There wus no
difficulty whatever In finding employment for those who passed through the Tm-
perlal College. The demand was greater than the supply.” -

Thut there 18 need for further financial help is, in our opinion, especlally true
as regards students of sclence- particularly in the modern universities, and for
studenis not resldent in the university towns. The need to the wodern univer-

p= sities I8 not due to there belng fewer scholarships nvailable for students of
sclence thun for students of other subjects, but to an absolute deficlency of schol- *
arships in all subjeets. The specinl need of scholarships for women has heen
refcrrgd to elsewhere In thia report, ’

We are all well aware that some students to whom sciencé scholarships have
been awarded have falled by thelr subsequent performance to justify the awwrd.
We do not think that this can he taken as evidence of a deficigycy of studentsﬁu’
scholarship caliber in'secondary and elementary schools. It arlses from a varicty

- of-causes which we have deult with elsewhere, and which result in many of the

ablest boys never presenting themselves for the ncholnrshh\competltlon. Untii

- these causes are removed, the problem of securing an Increased supply of sclence

students at the unlversitier can not be solved merely by adding to the number
and value of the scholarships avallable for students proceeding from secondary
and-technical achools to the universities. 8 PS

188, With regard to the value of the sch@arships, we think it is essential (1)
that, subject to'need being proved in each Fndividual case, the asslstance given

. Bhould cover the.whole cost ‘ot education algd waintenance, this cont not to he

. Assessed on & niggardly scale ; the fujlbenefit ¢f a unlversity education will not

SRS

. h?'.‘mlne(‘i if acholars are restricted. In every difection by their pecuniary circum-
' ‘stunces; (11)5¢hat there should be no vestrictions of a.fipancial or-other kind: ...
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imposed to prevent a scholar golug to the particular university which 1s willing
to award him a scholarship aud which provides the teaching and teachers that
meet his needs.

With regard to the-Jduration of a scholarship, we think that this should mever
v less than three yeurs, subject to attendance, good conduct, aud satisfac mry'
reports on the scholnr's work. It should be capable of extenslon to & fourth year,
atil even 1n some cyses to a fifth year, provided thal thls extension was approved
Iy the resimnxlhle teachers.

» L4 [ ] L] . [ ] [ ] [ ]

199, It 18 clear that the cost can not be met out of existing endowments, und
for the most part it must formm a charge on national funds, We do not propuse
.0 enter further into this matter, but we desire tu express our agreement witl
the view of the consultative commlttee that even though the State provides
the futids ** the proper body to test the qualifications of candidates for scholur-
slips to be hLeld at a uplversity Is the unliversity at which the .scholarships, or
the chief part of them, are to be held.” .
140. Method of award of scholarships—We cd?hllder that the present mothml
of awarding scholarships at the Oxford and Cambridge colleges for proticiency
. In a single subject—e. g, classic English, modern lahguages, history, matihe- -
matics, natdral sclence—ls unsafisfactory and leads to overspeciallzation in
the schools. On this point there]was universal agreement among alt the wit-
nesses who gave evidence on the subject; a representative of the Assistant
Masters' Assoctation stated for gxample that in the later stages of his schioul
cureer a boy might spend as much as three-quarters, or even nine-tenths, of his
time on his science subjects In preparation ‘for a scholarship examtnation; ivul
the chief inspector of. secondary [schouis ohserved that ‘80 long as uunlversity
* entrance scholarshipg werc givgl for proficiency in a single subject—e. .,
wnthematics or science—It was Jvery ditticult to keep speclulization at schiool
within proper thmits.” | . 0
We think it desirable to brog den the baslg of these examinations by ¢n-
cournging candidates to tnke af second subject, to which substantlal credit
should be assigned, even thougl the range covered 18 considerably less than
that expected from those who mgke it their primary subject. By “substantin}
credit® we mean such an amount of credit as would make it difficult for a
cundidate to obtain a scholarship if he comlned himself to oue subject only.
No attemept shonld be made to pfescribe a ‘hard and fast grouping of subjects,
Cowplete freedom should be aljowed to candldates offcring science in the
choice of thelr second subjesé, e} g., hisfory, a lunguage, or mathematics. In
connection with all the subjectstgremt weight should be attached to evidence —

Fhis ne.sult I8 not necessarily secyred the inclusion of an English essay as a
tlon, We are In-gympathy with the sugges-
tlon {hat in addition to the practicul ¢xamination there should be a viva voce
exnmination for all sclence candidates.
. The essentlal features of the pronogals we have mnde are (1) that a sclence
cnndhlute should be required to present himself for examination in natural
. sclence and In another subject, (11) that there should be freedom of“cholco
in regard to the second subject. These proposals might with advnntage‘be
‘wilopted not only at Oxford and Cambridge but by the universitles genernlly:‘.
T .. . [} . [} [} .
4, Age limits Ior entrance scholarships.—We recommmend that the usual age i
linit for entrance scholarships awarded by the. colleges of Oxford and Cam- - =
brldﬁe should be 18 nther than: 19, Thls recommeudatlon hl ln accordance- ol
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with our general view that 18 rather than 19 should he the normal age for
boys passing on from secondary schools to the universities. The Interval he-
tween the dute of the scholarship examination and the timie of coming up into
‘residence 18 too long, and we recominend that the examinatlons should be lield
not eartier than March 1.

* * * * . * * »

142. We have recelved ample evidence that even now there are In the techmeal
colleges, genlor technleal schools, and evenlng schools many students of great
ablilty who are prevented by want of means from receiving the henetits oi a
university education. 'puﬁ that for Inck of scholarships open to them their abili-
ties ame pot developed to the ful, and the interests of the country sufler in
cousequence. We think that the provision of scholarships oper® to such studens
\\ is ‘urgently needed; the consultutive coimmittee, as we have already staied,

suggested that a considerable sum should be devoted to this purpose. The e
.. lations for these scholarships should, In our opinion, differ materlally from flise
e have suggested: for candidates from secondary schools. In the first place. it
is tndesirable to have an age 1mit for these candidates; and, secondly, they can
not b°é"expecle(l. at any rate for the present, to reach the spme standard of
literary training which it 18 fair to demand from cundidates wiio have been
studylng Nnnt]xnll(»l'nsl_\' u]. to thelr entrance at the university, It would be well
for the universjtier to bear ln mind the importunee ‘of belping them during
thelr university course to get Into contact with literuture and other sulijecty
which have hitherto lain outslde their opportunities.  Grueater speciallzation is
permissible for these candldates who from the defiefencles of our present edu.
catlonnl system or for other reaxons huve not_hd the time for eovering a very
wlde tield of knowledge and have been obliged to concentrate on such suhjecrs
as engineering, mInim:._mct:ﬂlurm‘. In fact, evidence of reat abllity in their
own subjeet ghould in this (-nsu be sufficient ground for the wward of the
scholarship,
2Rl scholars should ha\e rensonable frm-d( m of choice In legnrd to the courses
of*ttudy which they propo‘le to pursue M the unliversity.

.,

UNIVEB.SITY FEES.

- .
143, In the scction of our report which deals with the supply of trained

) kclpntmc workers we give reakons for belleving that a large Increase in the
number of students passing thivugh our unlversities is a matter of g.rv‘m hil-
tional lmportance, and that steps should be taken m bring a university trajuing
within the reach of every one of suftielent abilty to profit by it. Much would be
effected by n generous extenslon of the system of scholarships, but this will’
require to be supplemented by a substantial reduction in the scale of fees

4 . charged. There should also be an equdiization im the fees charged for approved
_courses in the different facultles, s at present btudents.of sclence and tech-
nology are handicapped by the higher fees in these facultles. A large number
of scholarships wlill be required dn any case, because there are many parents
who could not afford to maintaln their children ns students, even 1f fees were en-
tirely abolished. Many parents are, however, deterred from ‘sending thelr sons
to the noiversity by the present geale of fees, especially in large towns where
“there is a universlty which students could attend while llving at hofne. We
recommend that there should be made to the universities from national sources

a grant large enough to.enable them to Tugke a substantial reduction In their
-fees and also to provide. for the education of the larger nmnber of ‘students to
i ~whom such a_reduction would open the door. * * * We are convinced that
“1f fees y}:ere lowered great waste of Intellect would be prevented,-and that the

.
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. Increase In the number of educated men snd “women able to help in develop- )
ing our resources nnd in increasing the output of our industries would be a
worth the expenditure of a much larger surn; if we regard only the material
aspect of this change.

The award uf scholarsltips s not the only method by which assistance can he

. given to students. In the later stages of professional education when a student”
is approaching the time when he will he able to earn money, much help can he
viven without great expenditure by the establishment of loan fung These

« would necessarily be administered by the university or other institution ut
which the caundidate was studying, as no other body would be in as good a
position to judge of the proprlety 6f a loan. The system has been tried in
several of the wonmen’s Lullcges In the Iondon School of Medlcine for Womeu
it has proved very helpful and there have’been fm\'cnseﬂ of default.

PASS DEGREES'IN SCIENCE AT OXFORD AND CAMBRIDGE.
-

144, In most of the universitics a student can alm either at a pass degree or’
at an honors degtee In the main subjects of study. In the modern universities
the work for a pass degree Includes more subjects than are required for nn -
honors degree, but the two kinds of work are on the same lines and have nmfuch-
in common in thelr eariier stages; subjects can be chosen so that the study of -
euch helpg tlre~rest. '

But it can not be sald tbat the Unlversitics-of Oxford and Cninbridge provide
sutisfactopy courses of work for pass men whose interest lles in the natural
siences, At both universities the choice of subjects 1s. Hmited by regulations
which do not secure, or may even prevent, the selectlon of subjects which stand
in close relation to each other; e, g, at Cambridge & puss man can not combine
ngrlculture with elther chemistry, botany, zoology, physics, geology, or physi-
ology, nor can he take ph;sics with engineering, while at Oxford he is ohllg_n-d
to do more work In the classical languanges tlmn is required of an honors mmn
In any subject except clussies,

In consequence of thix want of conﬂnull}y mnny students aim at an honors
degree In science who would get a better education from a simpler course if
vne were open to dhem.  Ofhers who would gain by carrying on the sclentitic
training they have recelved at school find that they have no opportunity of
doing so in the pass courses of the unlversity,

The provision of contlnuous courges In science for puss men secis to us to
deserve the serious eoqsldermlon of the two universities.

COURSES IN GENERAL LECTURES.

145. The tricrease of speclalization In all branches of knowledge at the wuni-
versities has brought It about that students of one branch of knowledge have '
little upportunity of hearing anything about other subjects. It is therefore very
desirabie that there should be given ag-the universities courses of lectures of a
veneral character vn philosophy, history, terature, sclence, and econmmles,
We believe that such Yectures hu\e heen glven with much success at more than
one university.

' DEGnEB‘covnsns.

146. We asked tlie universities whether the present degree courses in {mre
sclence sufficlently meet the needs of those students whe wlil, later seek em-
ployment in scientiie posts conpected with industry. The anawers to the ques-
tion ganmlly indicate Umt these degree courses are saustactory 80 rax' as they
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go, but that for students who will enter scientific industries there 18 need for
further specialized study for at ieast one year. We have found no evidence of
any strong feeling on the part of the universities generally .An favor of a
chnnge In_the character §f the courses taken for their degrees in sclence.

There 18”1ess unanimit®in the answers fo our further question—whether any
new combinations are deyirable In the possible courses for a degree (e. g,
chewistry and engineering)? Some universitles and colleges state that suff.
» clent options exist or that o combinations of the kind are desirable. Others
take the oppow!te view and- advocate combined courses In chemistry and engi.
neering, or state that proposals in this directlon are under consideration.
There i8 a general view.with which we agree, that students of technical chem.
Istry should have an opportunity of acquainting themselves with the appliances
used In chemical processes on a large scaje. Experienced correspondents agree
that’ cooperation hetween the chemist and the engineer is most necessary in
modern work. 8 only very exceptional men who can be fully qualified both

. In chemistry and “engineering, and it is therefore doubtful whether the Tuni-
versities should attempi a course of training giving anything Uke full profes.
slonal qualifications in the two subjects within the time limits of an ordinary
degree course.

147. Before leaving the subject of degree, courses, we desire to add that in”’
our \lew it 18 most important that the courses in questlon should be 80 arrnu,.od
that students who come well prepared from secondar sohools should not be

a put: Bnck to do elementary work which they have done alrgady. This does
not mean that_ there should be no elementary lebtures. Such lectures will be
necessary to meet the needs of students who have not pursued a full’ course of

P . science at a secondary school and may sometimes be attended with advantnge

by those who have; but atténdance should not be compulsory and there should
be notbing in the university arrangements to prevent well-prepared students
from, proceeding to the mgre advanced stugdles which it 1s the special function

‘e of the university to foster. In no case should the per{ckl spent at the uni.

Lversity be shortened the ‘student should be able to spend three years of

uninterrupted study on the more advanced parts of his subject.

148. Ope metbod of securing this énd would be to aliow the intermediate ex-
aminations for the bachelot @f sclence degrée to “be taken direct from school ‘
This raises tl_le question at ¥what point in the course of a .student’'s sctentific

r - . training does the province of the secondary school end and that of the univer-

5 sity begin. We have asked the universitiemfor thelr views on this point. The

answers disclode conflict of opinlon.

"It may be agked, in the first plgce, what I8 the aim of the intermedinte:
examlgatlou for the bachelor of science degree? To this question three dlfferent
.angwerg have been given. .Some maintain that the examina'tion aims at A
ing out whether the undergraduate possesses  the general and elementnr\
knowledge of sclence ' necded as a feundation “for the more advAnced and
specialized part ¢f the degree course, and assume thnt secondary schools are -
not.80 @quipped with teathers and liboratories as’ to be able to Impart that
fundamental knéwledge of sclence which is needed ns an introduction to
9dvanced unl,vernity teachlng TN& assuniption 1{s. already anthunted as o
v general statement, -, A
B - . Qthers urge that the examl ation is d&ignod to- show whether the under-
. * graduate has followed with intelligence the course of Instructlon given to him

diring his first year at the university -under condltlom treer and more ‘stimut

* lating. than thooe which can posaibly prevail at & school,’ This view takes it

for mnted that the lecturec and hboratory instmcuon given ln A nnlvenlu

-
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hands of the most brilllant and experienced professors under whose Inspiring
lendership the young student is privileged to mpake his entrance into the uni-
versity of science. This ﬂssumption is not always justified by the facts.

A third group regard the intermediate course (tested by an examination)
as a yeay of probation during which the university teachers watch the student’s
abilities and judge his promise for Turther work. Th‘ls view assuines that the
tntermediate course at a university s a sort of shunting ground, in which each .
stndent according to the ability which he shows i8 put upon the line of rails
which will carry him forward intd the course of advanced study most fitted
to his powera. This assumpption does not correspond with usual unlversity
practice, -

A majority of our uniyersity witnesses, however, reply that the intermediate
examination for the bachelor of science degree should be allowed to be taken .
3 from school. This privliege is already granted in one university to all stu-
dents and in several others to students who enter for an honors course in
sclence. The principle, therefore, has already been conceded. Iz view of the
tacts (1) that the work of the last two years in a secondary school well
organized for science teaching does usually include the Decessary subject mat-
ter of the intermediate bachelor of science examination, (2) that actually the
ground covered by the first year’s work at the university is much tbe sanie
as the higher work of schools, (8) that school methods for most studen
are more suitable for those beginning a subjecﬂgaud {(4) that two years afe
fnsufficlent for an honors course at the unlversity, we recommend the universi-
ties to allow candidates to take these exniinations direct from such schools.

But 8 still more helpful arrangement would be that candldates in & second
school examination (see sec. 68) who do satisfactory work in any of the sub-
jects required for the intermediate examination ‘should he exempted from
further examination in these subjects. It is not desirable that the work of ..
pupils between 16 and 18 sheuld be disturbed by their having to prepare Tor
an examination not primarily designed to meet school needs.

"

THE PLACE OF ORIGINAL RESEARCH IN UNIVERSITY Ent'rc;shon.

149. The training afforded by the stydy of natural science will be incomplete
unless ‘the student>undertakes some plece of research, in which, relylug as
far as possibie on his own resources, he applies his knowledge of sclence und
of the methods of scientific investigation to the solution of some scientific proh-
lem. The effect of*a year's work of this kind on the general mental develop-
ment of the student 18 most striking. He gains ind ndence of thought,
maturity of judgment, self-rellance; hig critical powers ake strengthened, nnd

«  lis enthusiasm for sclence increased: in fine, he 1s carried/from mental adoles-
cence to manhood. We thiok that whenever possible a Year spent ‘mainly on .
reséarch should form part of the course &t the university of those whose
work 1n life will be concerned with the industrial appllcationa of science, ns
well a8 those who will devote themselves to researgh -and teadhing. It ts
important, however, that at this stage the teachers at the universities shouid
regard research mainly from the point of view of its value as an educational
truining and not as a means of getting within the year as many new scientlfic
resulta as possible. The. student should be encouraged to overcome his dif-
ficulttes by his own efforts, sud the assistance given by the teacher ghould not &
le. more than 18 ‘hecesgary to keep him from bejug disheartened- by tauure and
to prevent the work from getting on lines which can not ledd to suocem Work. ‘%

+=0f this kind should In generzl be. taken. after qualifying for the. “bachelor's de- « TR

\;,,, ,M‘M -noma be po;nued by, the: gnnt of lome addmonu dtmncﬁon." B ol
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We think that original work should not be required for the first degree fn
sclence. The period, usually three years, spent in preparation for this degree
18 none too long for wide reading in ail branches of a student's main subject
and in those branches of other subjects which have an intimate combection
with it. We regard it as of the utmost importance for the student’s future
success that he should not confine his studies to some particular branch, sy,
of physics or chemistry, but should gain a general knowledge of the conception
and results of the whole rarge of his subject. Such knowledge is most enxily
acquired at this stage, and experience shows that, unpless this opportunity i<
selzed, the student’s knowledge throughout life is specialized to an extent which®
is unfavorable to the highest success. It must be remnembered that research

. Work to be useful demands a great deal of time and great concentration of
mind on the subject under investigation and would curtgil to a serious extent
the time available for general reading. v

For the sake of widening the outlook of students of natural sclence as well as
for increasing their equipment for successful investigation it is of especinl
importance that opportunities should be given for combining the study of

" mathematics with that of natural sclence, and we welcome the efforts which
most universities have made and are still making to effect this object.

DEGREES FOR RESEARCH WORK, -

150. The universities have not adopted-a common policy in regard to research
degrees. As a rule the degree of bachelor of sclence marks the end of un
undergradunte course afd-In many universities the degree of doctor of sclence
is given a few years later for a specific plece of work, often undertalken with
& definite View to the degree. Other universities give a degree of master of
gclence under conditions which vary so much that the precise meaning of
the degree in different universities is-obscured, and reserve the degree ‘of doctor

. of science for still more senlor candldates. If the object of granting a
degree 13 to encourage research, {there seems to be little reason for postponing
the grant of 1t to a period so late that the hape of obtalning the degree = not

¢ likely to be a serlous stimulus. If the munber of students who come to this
country for advanced work Increnses, the need for a uniform apd comprehen-
sible system of research degrees will become even greater than it Is at present.

We are in general agreement with the following resolutions which were
passed at the universities’ conference held on May 18, 1017; .

That, for the wider promotion of research In this country, as well as to en-
courage the attendance of graduate students from the British dominions and
foreign universities, n degree of doctor shall be attainable after not less than

& two years” advanced study and research.

That the existing doctorates shall,_if poggibie, be retalned without lowering
their stapdard. ' - . .

That the title of the degree shall be the same for all faculties,

That it Is highly important that the same title for this degree be adopted’ by
all universities. : . '

That the title of the doctor shouid be “ Doctor of philesophy ” (Ph, D.).

That it 1s essentlal that the period of two years contemplated shouid-be a
_period of wholetllpg study or Its equivalent, : .

-

POSTGRADUATE RESEARCH SCHOLARSHIPS, ~

’ ) o o .
161. It is & matter of.grest' importance fop the advancement both of pure
~scleice and of technology that students who have shown capaeity for research v
* sQould be able to remain at their university, in ordér to continue thelr studles
Aand to acquire experienice In a-research laboratogy under compétent -guldance; ...
her 5 o Whi; bas been able”
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to support himself for the three years of an ordinary degree course by means
of scholarships is often at the end of his resources and is compelled to take
up some remuneratlve work at once. . If he does this the chance that he will
ever be able to return to research is small. Thus the critical time when such
students are most in need of the help which a scholarship gzn give i8 at tho
end of the undergraduate course. * * ¢ .

We are convinced by the evidence that bas been placed before us that no o

expenditure of public money on scholarshlps holds out more prospects of
valuable returns, -

It has been polnted out to us as a serious difficulty .that the tenure ef
schelarships given by local autherities is often shorter and less easily pro-
longed than that of other scholarships, so that the holder iof such a scholar
ship may find his income diminished just at the time when he begins to get
the greatest benefit from a university education. It has also been pointed out
that there is a special want of senior scholarshim for women. Both these
defects ought” to be remedied.

Lven where the tenure of a schoinrship can be prolonged, another difficulty
may arise. It can not be expected that all the universities should provide
cqual«facilities for the study of all subjects; fn particular the elaborate speefal
applinnces needed to_r higher work in some branches of technical sclence may

-exist only In one or two Institutions in the country, so that it becomes neces-

sury for students to rﬁlgmte from one university to another. The universities
have expressed very definitely the view that such migrations should not be
encouraged during a three-year undergradunte course except under special
conditions, on account of the «dislocation of the general scheme of the student's
work which would result; but they almost all approve of the migration of
graduatxs and have made arrangements to facilitate it. The conditions of
tenure of scholarships should be sufficiently elastic to pefinit of such migration.

Some laboratories can provide their senior students with opportunities for

_ research by employing them as demonstrators for part of their time, on con-

ditlon that the rest of their time Is given to research; this arrangement is

warinly advocated by those who have experieace of it, as it provides the student

with two different kinds of training and experience, each of which has fts

speclal value. But the number of students who can be helped in thls way s

nmessnrlly small. s .

BELATION BETWEEN THE DEPARTMENTS OF PURE AN‘D APPLIED
SCIENCE

l
102 In adl universities there are departmonts for the study of medicine and

cngineering; in many of the modern unlveplties there are also departments for -

the study of the applied sclences which are of special importance in the district.
We consider that thes¢ departments promote not only the particular industry
or profession with which they are connected, but also the study of pure
sclence and the interests of, the university as a whole. They promate the

tndustry by giving to those Who enter it the opportunities of getting the

broader outlook and wider Interests which life at-a.great university affords '

Assoclation With other departments of the university promotes and facilitates

< the applicntlon of science to Industry, as it glves opportunltleu for intercoutse
.~ "hetween those who are profigient in the sclences on which the industry is basd

and those who+~are conversant. with its practical. needs, Th¢ purely lclemme

’ ,_»_departments gain because more students pass through' thelr classes and M‘
o co:mequently [ wlde} ﬂeld trom whlch to lelect thoee who show oumln;
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-ability in pure sclence, There are, for example, not a few eminent phystologists
who began the study of their subject as part of a medical course, and who
might not have devoted thetnselves to pure sclence but for the existence of g
wedlcal department. The technical. department strengthens the university
by bringing it ipto close touch with the life of the district and by increusing
both the scale of its operations and the number of its students.

138. We consulted the universities as te a number of plans which have been
suggested for bringing their departments of upplied science into doser relation
with the industries. The universities which have had experience in the mutter
are unanimous in thinking that the head of every technological departmont
should be allowed and encouraged to take part in privitte professlonal practice,
so far as it is consistent with the discharge of his university duties, in arder
that he may keep abreast with the developments of the ndustry which he is
serving by his researches and for which he fs training students. There s
some difference of opinion us to the value of advisory committees consisting
of representatives of the universiy and of the industries for which students
are trained, but the unlversities which have instituted such committees :re
convinced of their usefulness, provided that their functions are clearly dotined
and areq advisory, not executive, Much of the research work needed for the
industries can only be done with advantage at the works where the problems
arise. But frequently questions of n more general kind present themselves
which need not, or can not, be dealt with in the works laboratory, but could
be investig'ated at a university or technical institution, Two plans have heen
adopted to utilize university faboratories for such work. In one the uni.
versity merely allows an Investiggtor appointed by the. firm to ure its labora-
torles for his work; in the other th¥ head of the university departnient under-
takes some responsibility for the general supervision of the work done by
investigators sent from the works laboratory, who are sometimes assisted by
senior students ; this method has been tried and found advantageous In several

, of the largest chemical laboratories in this country. .

PROVISION FOBR ORIGINAL RESEARCH,

164. The Importauce of research in pure sclence, the life blood of applied
. 6clence, 18 recognized on all hands, and there is general agreement that it
ought to receive more encouragement from the pationethan it has done in the
past. It is as difficult, however, to organize the productlon of the highest
type of research in pure science as it would be to organize & method of pro-
ducing great poems. The grentest advances In pure science gare often the
outcome of investigations which, until they are Justified by success,.appear | .
fantastic and uopromising, and meet with little approval from orthodox °
scientific opinion, and it 18 often too a long time before any tangible pesults
&S obtained; for this reason they are not of & kind which could be expéeted
from workers in & great institution supported by publie funds. Such an in-
ettution would paturally be expected to furnish year by year & report of
progreas, but in research on entirely new lines a year may easlly go by with-
out any definite results belng obtained, and the investigator would be in the
invidious position of baving little to show that ‘he had earned hia salary.
‘Thére would thus be a strong inducement for him to pursue a lower type of
work .on more conventional lines in which he could feel assured of a fairly
. . cotitinuous progress. One.can not. hope to:gét great discoverles simply by pay-
-JBE for them;. thoss, fn. the: past have ‘for the most ‘part been.made In -the

" o claboratorics. ot the wniveriltiesand, we  thiak, will: coutitive 0 be sb. ‘The
-~ Tost houtul way.of promoting diacovaries of this Kind. la'to dasture that thes
0, BT LT et ‘3‘;‘;"'%‘ FEIO A A
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laboratories are as efficlent as possible. and that the .professors and other
teachers who work in thew have enough free time for original research.
,As sclence progresses, the instruments necessary for research becowne more
aini more nuiuerous and more costly, and to equlp and maintein the laboratories
in the most efficient state is heyond the resources of mest of our usiversities,
One of the best methods of advancing pure sciende would be to insure the
efficlent equipment of the laboratories In our universities. The answers of
the universities to our questions show that they consider thelr present resourced
insufliclent to provide all that is needed. .

Apart from more general questions of expansion, an lncrease of research
work would require lncrense of staff and himprovewent of equipment. It ig
extremely undesirable that research should be confined to the larger universl-
tieg, but in the smaller institutions where 4 8clence may be represented by
only one professor the amount of routine and organizing work which falls to )
him may be so large that he can not give enough time to reseurch stndents.
In the early stages such students need much assistance and advice; ‘there "is
consequently often a definite need for some arrangement to relieve the pro-
fessor of some part of his routine work..and leave him more time for the
or;.':inlzntion and supervision of research.

With regard to the equipment. the needs vary so much from place to’ place |
that it is difficult to say more than that the universities consider them very”
urirent, and 1t is clear that they can only be‘rpet by further financlal assistance,

PROVISION FOB STAFF, BUILDINGS, AND EQUIPMENT.

1556. In this connection we can not do better than to quote certain of the
answers we recelved to the question: “Are larger subsidies from the treasury
now-gequired (o) for the adequate development of the work of the unlversity -
in pure and appHed science; (b) for the general purposes of the university?

Is it desirable that the Government should make building and equipment grants .
for the provision of new laboratories in the English universities?™ » \
(I) “ Immensely larger subsidies are required for all these purposes.” *

(II) “To al questions in thig section the answer 1s emphatically in the.

I affirmative. For its hulidings and development this college hns
« hitherto depended mainly upon private muniticence. Private munifi-

‘. eence alobne can not, ln our opinion, be expected to provide tn the
future, and especially immediately after the war, the whole of the .
funds for salarles, bullding. equipment, -and upkeep tiRt the

. university institutions of the country reguire. It is, however, of
the utmost fmportance that, if the State subsidizes the universities, .9
1t should in no way restrict or interfere with their freedom of de-
. wvelopment.”

(II1) “(a) Yes; for both purposes, provided that the autonomy of the unl- -

versities fb preserved. (b) Yes; on the same condition.” -,

(IV) “The nnlverdty ® ¢ ¢ has in the past depended mainly upon the

gemerosity of corponm bodies and individuals for the endowment

of fresh posts and for the erection and equipment of laboratories

and other - university buildings. The resources of the university

do pot enmble it either to make adequate provision for the upkecp

: lndﬁneqnlpmtotﬁmoximnclmﬁum“mpmmth 3
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150. The ptinciples which in our oplolon should be maintained are well
set out in the following reply with which we are In complete agreement :

“ The answer is in the affirmative, but I would couple with thig answer the
cbservation that however much the amount of Government assistance may
grow to be, It is of vital importance that the universities should retain full
Independence. The State obviously, if it finds the money, has the right to
know how the money is spent, and the right also to inspect the Institution
under all reasonable conditions; but the whole future of English university
work and efficlency depends on the universitied belng left free as societies
to do their work upon their own impulse and not updn the dictation or
suggestion of a department of State. The principle involved here. goes to
the very root of university well-being, and no financlal gain could ever com-
pensate for its sacrifice” * ¢ o '

STIPENDS OF UNIVERSITY TEACHERS.

157. The universities und university colleges which recelve exchequer grant

* spend a large proportion—over {1 per cent—of thelr income on the salaries

of the teaching staff; more than haif of the amount goes to professors and
heads of departments, kj\[

There is widespread and serious ( ntent with the salaries and prospects
of the junfor staff in the scientific departments.  The initial salaries for
such posts are so low as to be out of all relation to the capital expended
on the education of the holders, and -thefe are many competent men doing
respBilslble work at salaries far below what they could have carned in other
walks of life. It must be remembered, however, that there are compensa-
tions in the opportunities for further study and research, and there is a
-strong feeling that the inducements to junior demonstrators to remain long
in their posts should not be made too great. It is in the interest of the
department that there should be opportunities of testing the capaclty of
students for teaching and research at as early a stage as possible; In the
interests of the man that he should not remain too long in a post where,
unless he is of pecuiiar ability, his horizon is necessarily limited; and In the
. interests of the teaching profesgsion and of applied sclence that there shouid
"bea supply of men who have had experience of work in a research_lgboratosy. -

We think that, on the whole, the bést way of Improving the p(‘_lon of the
junior staff is to decrease the time required for their official duties rather
than to make large increases in their salaries. At present the tendency 18
to require s0 much teaching work from them that they have few opportunities
for research; and so are at a disadvantage when competing for posts for
which distinction In resear 18 an. essential qualifieation; and in addition
to this the progress of scifhce Is retarded as many of those .best qualified
for original investigation are debarred from pursuing It, We ave of oplnlon
that the officlal duties of the junlor sclentific staff should be confined to at
most four days per week, so that they may have at thelr dlsposal a conslder-
able amount of time for original research. :l‘l\ls plan is already in force 4p
-some laboratories, und we have. reason to belleve that the results have. been
- sgtistactory.

There wiil, howﬁr, always ba men whose best work can be done In
laboratory teaching and organization, and it is. desirable that the universities
sbould be ina pocltlon to retnln them by provldlug for senlor men a small




l. < o - - ¢ :
UNIVERSITY EDUCATION, - 85
“RELATION OF ngsnsrrms TO SECONDARY SCHOOLS.

0 158. The relations between the universities and the sccondary scliools need
. careful adjustment, more e§peclnlly at such times of transition as the present
day, and it is desirablé to*provide at each univeysity regular opportugities
of discussion and negotlation with the representatives of secondury educjtion.
lFor the most part such facilities have been provided by occasional, buyf oot
infrequent, conferences held chiefly between the represcutatives of thej uni-
versities and those of the various teachers’ agsoclations, but there appear to
us to be considerable advantages in the estublishment of a more regular and
systematic machinery organized on a broader basts™-fdr this purpose, such as
‘has recently been set up by the University of Durham and the representa-
tives of education in the adjacent countles.

THE SCOTTISH UNIVERSITIES.

Sections 159-164 state that steps should be taken to remove the limi-
‘tations which confine a large proportion of the old established bur-
saries to the faculty of arts. ’

°

. ADULT EDUCATION.

163. For the wost purt we have hitherto been considering education organized
and systematized in schools and fdniversities, and we have been dealing with
students as yet youtbful and lmmaturve. There is, howe\'er.'n class of learners
who aré at last making thelr dewmands fbt. and justly insisting that they should
receive, however late in life, the educational 'opportunltloé which are due to
them. These are largely wen and wonien who have reached maturity without -
recelving uny education which they regard as adequate and who are eager to
make good their d(}ﬂclencies in knowledge. \We are gind to see that a subcom-
mittee has been set up by the reconstruction committee to consider the needs of
these ndult students. Y 3

The movement I8 not a new onc. Ina certain sense it began a bundred years

_ngo wlth the foundation of mechanics' nstitutes and the work of Dr. Birkbeck,

- when elementary and technical educationr were less genernlly, diffused than now,
Forty years ago the university extension systém began to provide a considerable
amount of extra-mural teaching for students who could ne come ‘{nto resi-
dence nor take a full university course, aud tﬁ\ the B¥SWter part of the
science teachlng originally so organized has passC to the hands of local edu-

- cation authorities, it is°directly from university exttnsion that the late tutorial

classes and study circles have been develnped. It is only in the lust few years

that there has been a considerable ‘growth of adult classes, and it was not until

1904 that the Workers' Educattonnl Assoclation was founded. This latter or-

ganization has created, or at any rate focused, a remarkable demand for adult

education, but up to the present that demand has been chiefly for knowledgeé ¢

cconomlc, soclal, and historical subjchts. i : 9
At present, so fjr a8 we can learn, the little 1nstruction which is given in.

science to adults, apagt from that provided in technical schodls and unfversities, =

is conveyed chiefly through the agency of field clubs, natural history societles,
and ‘mechanics’ Institutes. 'If this movement for adult education 18 to tgke the
tmportant part.in the natlonal life which seems to be opening up befdre 1t, it.1s
essential that ' ' whlch__lf pmyid_es"ahoqld‘ble wide and liberal,-and <

)

sentlal e education wh . :
~ghould give opportunities. for. study -pot conficed to a lmited. f -intel
{ ;18 1t 197 to tuiflll this”réquiremen ;
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place 1n 1ts scheme to the teaching of natural sclence. No modern intellectual
system can afford to neglect the realm of natural knowledge; to be fgnerant of
its Influences and lessons 1s to belong to the past and to distrust the future.
.168. We are aware that those responsible for the Workers' Educational Axso-
* clation recoguize in thelr program for educational reconstruction tue position ot
sclence as “a staple part of an educntion of the traditional secondary type,'
and thnt‘thoy recommend that the technical schools should luclude In their cur-
ricuium *the study of the sciences upon which different industries are based."
These few wonds are, however, the only ex)licit references to sclence fu the pro-
gram und Its exposition ; partly it wonld ‘seem from a fear lest scientific teach.
ing should be devoted wholly to increasing"the manual efficiency of artisans, the
subject hns been to a certain extent discredited, and {s hot even yet appreclated
us an integral part of a liberal education. There has, in fact, been no seriony
. demnnd for instruction in sctence from the students who compose the classes
organized by the assoclation. To this statement one exception must, however,
be made. Iu the neighborhood of lLeeds the tutorfal classes in bivlogy have
gronsed considemble etfthuglasm in working-clnss circles over a period ot sev.
efal Jyears. Mr. Walker, the tutor responsible for conducting these clnsses,
wrote to us in reply to nn tnquiry: " Last night T met a class of 21 adults, men
and women, chiefly factory workers, all in their second vear of attendanen
They walkod vaarying (lh}nnceq up to 8 miies to meet {n class, and during our 10
meetings since the conYmencement of the session onl\ two absent mnrks are
recorded tn the register.” Though this is solitary instunce, It shows whn teean
be done when the to.n(-hl..ug 1s of the right kind, and we desire to emphasize the
importance of developing tuterinl classes {n science along with other subjects.
In this connection it may he of Interest to quote the following observations
which we have received fromn Mr. H. Wager, I". R, 8. acting professor of hotnny
at ‘Leeds University, who speaks with knowledge of the chsses referred to
above:. * » .

“ 'l‘he success of sctence classes for adult students deponds in n'special degrees
on the character of the teaching nnd the personallty of the teacher. It is more
difficult to secure the right sort of teaching for adult students In sclence than in

- such a subject as economics. The tenching of science to adults may fafl either
because it I8 too elementary and does not deal Wwith sclentific'matters of general
interest—Iit {3 unreasonable to expect grown- un ponnle to be profoundly inter.
_ested In the textbook accounts of the properties of oxygen and hydrogewr-tor
because 1t 18 too technical and specialized. It 18 not ensy to got & teacher who

- will be successful In avolding both these pitfalls. On the other thand, 1t s a°
profound mistake to suppose that workingmen are naturally lacking 1o Interest "
in scientific matters. They are fully alive to really good teaching of science by
a teacher who knows how to bring out thelir powers of reflection and Judgment.
If they can not get this kind of intellectual stimulus In sclence. they can asa
rule get it In such a subject as economics, simpty because they are themselves
. more or less acquainted@ with the facts upon which the problems of ecénomics
- are based.” - '
: 167. I# oy has been suggested, adult education is to become a recognized
departgpent of the extra-mural teaching of the unlversities a serious respousi- .
- biiity devolves on these bodles to include sclence in this work. ; .
Popalar lectares of sclence will no doulf®play an important part tn talling
2 the attention of large audiences to the interest and importance of -the subject.
3 ThlletkMsmrmomthmacentnrybemarﬂedon by the lectures at the
Royil Institutton, aid’ from time to time prilliant’ speakers like Huxley,have
mm‘._‘.u;nmmmmemothoda of sclen

+
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TRAINED SCIENTIFIC WORKERS, . 8,7\
‘av.
work of such an organization as the Gitchrist Educational Trust has been und
. will continue to be of great service. But If even the best popular lectures are to ~
have any permanent effect they must lead on to ore serfvus work involving
individual effort, to courses aud to circles where systematic study will be car-
ried on.

Axuin, there s a wider audience who are out of reach of popular lectures and
who can not attend university extenslon and tutorial classes—those who depend
for their education on books. There is a reul need for well-written book?and
otber publlentions 1o which the main results of recent sclentlfic research and
tlie pchievements of science in the pust are set forth ln a manner which will
appenl to intelligent wen and wowen who have made a special study of
science. . It i3 one of the-unfgrtunate results of the increasing speclalization of
suientific work that the original papers, reports, and treatises recording or sumwm-
m:umi)g the results of research ure beyond the comprehension of those whe Jo
ot possess a (onslderable amount of sclentific and mathematical knowledge.
Science needs (ts skiiled (nterpreters as well as its active pioneers.

- We are by no meany sure that the populnr interest in sclence 18 as great
to-dny as it was 30 yeazs ago. Untll this'genernl interest 1n science is extended
and lucreased, and theqdeﬂcienoles of aduilt cducgtion In this respect are made
good, an important plece of work in national education remaing to be done.

IV.—SUPPLY OF TRAINED SCIENEIFIC WORKERS FOR INDUS-
. "SJBIAL AND OTHER PURPOSES. \

168. The nced for a gi'eul increase in the supply of trained sclentific workers
of all grades 18 a matter of the utinost gravity and urgency. It 18 agreed on all
sldes that it is ahsolotely necessary for the prosperlty and safety of the country
after the war that the development of the resources of the Empire and the pro-
duction of our industries must be on a scale greatly in excess of anything we
have hitherto achleved. Schemes of reconstruction and dgvelopment are belng
prepared and discubsed ; each one of them méquires a supply of trained workers
and t_.ﬁc proposals wiil be futile unless a large ariuy of these 18 forthcoming,

. We shall not get these workers in anything like sufficlent numbers untess we
have great changes in our educational system, and, above ail, unless a much '
more eager desire for segondary education Is created in the minds 6f a great
mass of our citlzens. We wust muitiply the number of students passing through
our nnlver;sltles and technical schodls. and this will involve a great iIncrease in
the nuinber of boys and girls who cumplete a course of secondary education. It
{s truc that,since the act of 19002 a lurge number of new secondary schools have
been established, and that in the last three years not only these but also the
older schools have been filied to their llmits. Nevertheless 1t is still necessary
to increase the flow from the elementary to the secondary schools of ehildren
capable of profiting fromn the best education thes® schools can give, It is of no
less importance to min(sh the leakage, amounting now to more than 60 per
cent, wm occurs M the secondary schools before even the genenl course is
completed; -
: We must by meanq of scholarships and maintenance nllowancel put a com-
plete course of tralning within the reach of every boy or girl of mﬂlclent ability

But .this is not sufficlent. Wo must not ouly pl'ovldo t.he wppormnlueg,‘ we. .

to profit by it . s,




o

ERIC

Aruitoxt provided by Eic:

. civilization are lncregslng, the nation has already been deprived of the services

88 NAPURAL SCIENCE TEACHING IN GREAT BRITAIN.

The want of appreciation by parents of the benefits of secondary education
prevents a full utilization of the resources in the. way of scholarships which
are even now available, and this will conunue until a nlore lively apprecia-
tion of secondary education is spread throughout the country. Much as we
iy regret it there is no doubt that appeals for sccondary education for its
own sake appear far-fetched to the majority of .parents und leave them
untouched.

We are‘convinced that to make the country eniger and wllling to avail
itself of the* opportunities for secondary education the benefits it confers
must be put in & very tangible andt materiul form. This we think could Le
done by emphaslzing the advantages conferred by the posscssion of the first

- school certificate- or its equivalent, which attests the completlon of a con-

tlhuous course of instructlon at & secondary school. The universities rhould
be asked to require. this as an integral part of thelr normal entrance exam- -
ination, professional bodles as a condition for centering thelr profession, and

. grent commercial institutions as a normal requirement for entering the

higher grades of their service. The State iteelf should set the example In
thls réspect and expect all who enter its service aubove a certaln grade to
possess this certificate. - . )

We think, too, that steps should be taken to put before parecats in as clear
and simple a way as possible the carecrs open to those who complete a course
of secondury education, the opportunities offered by such careers, the steps’
to be taken to enter them, the nuture and cost of the training, and the assist-
ance Clligent students might expect from scholarships. :

169. In the preceding sections of this report we have dealt. with the posi-
tion. of natural sclence in different parts of the educationgl system. We have
Dow te Inquire how fur the system considered as a whole is capable of giving
us the number of men with spectalized scientific training who wiil be needed
after the war for the manageinent and conduct of scientitic lndustrk‘s and for-
carrying on the researches in pure and appliéd ‘selence on which the main-
tenance and development of these industrles so largely depend. -

In raising this question we are not forgetting that the study of science ls '
to be desired quite apart from any utilitarian and mnterlu} ends whkh it may
directly or indirectly subserwe. We have already pressed for the fuller recog-
nition of sclence in schools Because we regard it both by reason of its- supject
matter and of the mental discipline which fits study nffofds as an essential
element in a liberal education; and w&iledire, in the interests of the advance-
ment of .natural knowledge, to sce every encourngement given to the higher
sludy of science at the universities. 0 o ° .

But it.would have been necessary also to conslder the needs of the trades
aud indusfries which depend upon applied science, even if we had not been
speclﬂcnlly required to do 80 by our termd of referehce. The needs of our

only be Increased by -well directed research, sbéetter tra and the more

of many of its ablest and most vigorous members. Our ‘§uclng power cah
skillful use of sclentific methods of manufacture and distriblition. Unless the

resources of the country are’ sufficlently developed nefither the natlon as a

- aftord to cearry on the educntlon of its, consutuent members to any advanced

tpeint, .o 0

i ,110._It is necmry tor the purpose of.our lnqulry that we - should,,on the

realize the demand for ‘seiéntifically trained- workers which . tho/

hand.
atrl “on; the’ o;her hmd,‘mrvey the*extent ma«mm i
16 -

the ,poulblg, I‘Ilmly.‘{i
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even & rough numerical estimate of the needs of any particular industry,
much less of industry as a whole. The national trade policy, the .relations
of capital and labor, the future of onal establishments first organized
for the production of munitions, and a thousand other complications deter
those who know the situation best from venturing on more than the most
general prophecy. But it may be worth while to set down certain facts and
obwervations which have been brought to our notiee.

Iiven before the war there was a growing demand from the industries for
men who diad pursued sclentlfic studies at tlie universities. Thus we were
infurmed by the secretary of the Cambridge {'niversity appointments board
1hat, out of 110 men who bad taken chemistry in DPart 11 of the Natural
Scivice T'ripos since 1000, 80 had gone into the chemlical industry; while in
the perfod. 1011-1014, 40 firms had zccepted men as chemists, metallurgists,
peologists, etc., as against 21 firms in the longer period of 1906-1910. We
have further been informed that the demand for qualified students at the
Munchester Municipal School of Technology was such that studesfts were often
enguged for posts before thelr courses of study were compﬂeted. As an imme-
dinie result of the war the need for increasing output is being*reallzeéd and
the necessary conditions to that end explored. Rule of thumb methods are
seen to be inadequate if industry in tiis country is to hold ity own., The indi-
viduallsm . which has hitherto characterized British industry s graduaily
_giving way before serious ‘efforis toward combination. With all this there i
o growing conscionsness of the need for' organized . research into processes
of nanufacture, Lastly, the community hus come to replize as never before
that the developient of Industry fs ‘the concern not only -of individual em-
ployers or groups of employees, put of the nation as a whale. '

171, The Government took an importaut step when on July 28, 19135, they
established a committee™of the privy.council for sclentific and industrinl re-
search and associated with it an advisory council composed of men of the
highest scientific standing, In the report of the advisory for 1915-16 it is
stuted ** a largely increased supply of competent researchers is the first con- '
dition which must be secured if the object t6r which the comunittee of council
wis established is to_be attained.” The report goes on: “ It is in our view
certuin that the number of trained research workers who wiil be available
at the end of the war will not suffice for the demamd ywhich we hope will
then exist.” But it Is not only the gcféntific pioneers who will then be nceded.

Sir George Bellby, chiirman off the fuel research board, Infermed us that:

in the chemlenl in(lustl‘leé' there was need for a much larger supply of pro-
fessionally trained chemlsts as works managers and process conductors; men

who had received for four or five years the kind of training given, for example,

at the Royal Technleal College, Glasgow. A similar point is made in the
report fyom which we haye Jjust quoted: * Effective research particularly in

its Industrial application calls increasingly for the support and impetus that ‘
come froin the systematized deiving of a corps of sappers working intelll-
gently but under orders. We have not yet learned how to ke the most
of mediocre ability * ® * yet without the sclentific rank apd file it will
be s impossible to staff the industrial research laboratarles, which are com-
ing, as to fight a European war with seven.divisions.” The report slmmcd,htly

adds thett “the responsibility for dealing with the grave situation which we
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He was unwlmnz to conunit himselfsto any figures but pointed out that from

’oneﬁrth to one-half of" the £100,000,000 sterhng which represents the national
bill for raw coai 18 being wastefully expended and. wmight be saved, and that -
the saving can only be eftected by the cooperation of a large body of tralned
fuel experts 1o carry out the necessury research work and fo Introduce and
supervise improved methods in il “orks ‘where fuel Is consumed in large
quintittes.

We think there are gond grounds for supposing that the need for a largs
nuniber of men traited in sclence will be realized by industrial Hrms and
will lead to an increamed demand for such men in the near future. To take
a single exumple, we were Inforined by Sir Gerard Muniz that before the
war there ware not more than half a dozen firmis in the nonferrous trules
which had nietallurgical laboratorles of their own, but in the near future it
was lkely there would be 50. 1t was difficult, however. to find young iuen
Ruitnble for filling positions In. such laboratgries, the supply being entirely
inadequate,  Again, the Government fund of £1.000,000 ster h{ng to be ml-
ministered by the department of relentific and industrial resenrel) has led 1o
An externsive np\emont tuward the formgtion of research associntions. \umc i
27 industries have already tuken up the question, and sév@ral of these, includ- J
fng the important cutton, wool, iron, photographic, and sctentitle fnstrument
industries. are llkely to fnaugurute their associations fn the near future,
This department is also alding out of its annual vote fnvestigation into the
manufacture of glass ut (he Unlverslty of Sheffleld, futo technleal Jopties at
the Imperial College of Science and Technology. and inte hard pSreelain at
the Central School of Scicoee and Fechmdlogy at Stoke on ‘Frent. as well as
& number of researches amd preparalory surveys in connectlon with the
metallurgical and other (ndustries, We may ronwnublv hope that the nove.
ment fn the direction of research will spread to other fndustrfes and brhu:
wlth it & more sclentjfic atudy of menufacturing processes aopd a greater
demnml for well-qualited mien as works managers and tectcnl experts. It
further we may look forward on the roturn of peace to an tncreased and
more economic production of fron and steeL to the maintenance for civil pur-
poses of factories -which have heen enlarged or new ly ‘establlshed for the
making “of munitions, to the development of chemical works for the manfi-

\faoture of products formerly othalned abrond.® to a more sclentific treatment
of the problem of food production, the denand for professlonally tralned
metallurgiats, engincers, chemists, and agrlcnlturl:tq will be greatly Increased. -
To this demand there must be added the normal roqnlrement for the medical
profession und the lncrt@ml demand for scienceteachers to which we have
alrerdy drawn attention.

. 172, 8o far we have spoken of the 1ndubltnble nced for men with a scicn-
"tific training and the probable demand that the industries will make for thelr

, mervices. We have now Jto deal with the question of supply. How did we
atand in this matter before the wat?

3 In the years 1910-1914 the numnber of inen taking first nnd second c/ass honors

in Part I of the natyral sclence tripos at Cambrldge and io the final school

of natnral sclence at Oxford averaged 146 ann\mlly The figures for the mod-

ern universities are not strictly comparable with these or with one another,
>  but the total annual output of the firat and second chm honors men in -sclence

) - and engineering: for all the English univemlties may bé put at about 500.

‘: |m worn in qupuon lnclud' ﬁbo."goneemed in. the manufactars . ol drugs, dyes,

ﬁu chemicals, lnmndmt das m.ntlel. _sybthetic. ammonia,. and other nitrogén ‘com-

mun. 11quid chlorine, tuageten,. lpeltu~prodncu which were lbmorly mlub’lo onlyL
. Glefimany,

.
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Not all these students pursue scientific-avocations and of Those who do some-.
vecomte teachers or doctvrs. It is clear that this supply of men with honors
unlitications in sclence is quite inadequate, even for the particular veeds of

\‘]he scientiic industries. The totel number of full-ime wmen students who
enteréd the universities and nniversity colieges of Eugland and Wales (excludw
ing the medluxl schoolg) iu the year 1918-14 was Do more than ahout 4,400,
undl of ‘these some hundreds were foreign students who return taq, thefr own
countries, It is probable thaten certain nuinber of wen who would enter other
fucultles might be. «livéne(_l to science and technology; but we can not look
in this directinn for auny large addition to the number of sclence students,
We nwst look rather to measures directed to securing an increase in the
entries joto the universities, It is hupossible €0 regurd the number of wen
who entered the uuiversities year by yeur before the war an nnythfng but
an inwdequate proportion of the number of young men in this country capable
of mutking goomd use of the training which the uulversities give.

Mthough women workers trained 1o mnenmh methods have hitherto been
few in nuwbers, their success in the last ‘two yeurs has gtven this country
good reason to hope wmuch frowm their help-in future.  Bot even though this con-
tingent may be much Incrensed, it will be long before we ure likely to obtain
as many as we shall requtre. for it cgn not be expected lhut after the war
there wHT be the siihe opendng as there has been in the thue of steess for
Willing workers with merely an improvised (rdlnlm,

Npecial measures are in ouryopinion nows&ury to- tncrease the suppl; of
scienee students because the deficlency ts marked and the need is urgent, hut
this pmhlvm ts part of the wider problit of fncreasing the nuniher . of unlver-
sty trafned students in general, and cun not be wolved hy ‘measures coucelved
i the special interests of sclence or by reforms’ which affect oue part of the
eucational gystem, whlle leaving the other parts untouched.

The deflciengy of recruits for the scientitic professions and Industries 1s so
great that the'r}\{uo avallnble source ol"'uppl,v which we cun afford_to leave
untapped.

173. The chief dlrect sources of supply at the present thine are (1) the second-
ary schools and (i1) evening and other similar schoots educating puplls below
the university age. So far as the latter groud of achools is concerned, the num.
ber of students passing on to the universities and techajca? colleges could be
largely increased. But to make this possible (1) there wust be a generous pro-
vision of scholarships awarded on the result of exawinations specially adapted

. to the needs of the students in question; (il) the industries should be organizgd
80 far as to give facllities for suitable men to pass from the works te the unil-
versity with the'prospect of securing better paid posts on thglr return to empldy-
went, @

The supply obtainable from secondary schools ‘of all klnda has next vo “be
considered, With regard to the group of public schools which recelve no
grants from the state. the answers given'to our questionnsire show that the |
number*of boys annually leaving these schools was before the war about 5,800,
of whom approxlmntely 5,200 were 16 or over whex\they left. Weo estimate
‘thatfromabpercenttoaOpercent of all those who left passed on to the uni. - *

versities. If we take the higher figure tlils gives an annual entry from thess
schools of 1740 for the honors and pass schools in alf subjects. No doubt 24
the pumber, ofboys taking’ aclence as their subject of university study could be
u-en.m&gha inclustomyof &° substantial course of sclence as part of the gederal.
dcucanon all boys m these ;chools should result in the ducovary ot mm
snd gpmudu tor .clenea monx,t.hou o wbom thll opportnnltrju hltheno
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been denfed. But when all possibijities have been taken Into account tliere
Js an obvlous limit to the number of science sfudents obtainable from the public
schools.

So far as numbers go, the possibilities are greater In the State-alded secondary
schools, provided that appropriate measures are taken to develop the potential
supply. The number of boys over 12 years of age who left these schools in
England and Wales in the year ending July 31, 1913, was neariy 25,000; but
of these about two-thirds left before the age of 16, the number leaving at 18
years of age or over belng approximately 8,800. Of these 8,800 it is only n mi-
nority—probably from 12 to 15 per cent—who pass on to any university.

The main point to be noticed sbout these figures is that -while the absolute
number of boys entering State-aided secondary schools is quite cénsiderable,
the number who stay beyond the age,pt 16 and thus come within sight of a
university education is far too small.

* * - * * * 9 ]

175. If the number of boys who remain at school for the sccond stage of
secondary education (18 to 18) is to be increased and the potential supply of
university students from this source enlarged, it is necessary to stop the serlous
lenkage which now goes on before the first stage Is completed. As things
fre we have no sceurlfy that it is the abler boys who remain for a full secondary
school course. On the contrary, It Is precisely the sharp boy who 1s most likely
o be sought after by an empleyer and to enter off & wage-earning occupation
at 15. The remedy for this state of things 18 only partly in the hands of the
educationai nuthorities. A great Improvement would be effected if it became
the general practice of employers (including engincering firms) to recruit their
employees from secondary schools at either 16 or 18 1. ¢., at ages corresponding
to the two stages of the secondary school course.

~ ""Again, if the possession of a certificate showing that a pupli had passed the

first schooi examination after taking an approved course at a school of secondary
grade were a passport ® employment at 16 or 18, the advantages of a secondary
education would he more widely fpressed upon parents. It might then becomne
the exception aud not the rule for boys to leave school before the age of 16;
and the too prevalent practice by which hoys are sent to these schools for a
year or two * to finish " would meet with the discouragement it deserves,

The temptation to seize oppertunities for early employment would be further
diminished by the provision on a more generous scale of (1) malntenance allow-
ances for those who pay no fees, Increasing in value as the pupils get older,
and (i) internal scholarships for fee-paylng pupils.

Further, there 18 need for closer and nore effective cooperation between edu-

cation authorities and head masters of secondary and elementsiry schools, so

that the advintages of a secondary education may be brought to the notice
of the parents of all the abler boys in the elementary schools. Despite what
has already been done in this directlon, there is still a large number of able
boys In elementary schools who- for various reasons never have the chance of
getting the higher education which the secondar® school can provide. Want
of knowledge on the part of parents and the natura! but mistaken, desire of
some head teachers to retain their ablest boys may defeat the best-intentioned
schemea of scholarsmp provislon. There s, in fact, a great waste of ability,
lometlmes of a higher order.,

,  Very clear evidence of the exlstence of this abmty 1’ afforded By the ad- '
“mlralty lchemo of -tralning - dockyard apprentices. In :the dockyard schools ~ ’

%M ; geg trom o}emntary or mumelpal decondary -chools. to wmeh boyn are

‘R
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ix kept up by annusl rejection on the resuits of an examination. From these
schools have come many holders of Royal and Whitworth scholarshlps, many
. Jistinguished naval architects and englneers and a large proportion of the
- directors’ of naval construction.
176. It is of tbe first fmportance that &bllity should mot be wasted, and If
it is not to be wasted measures must, as we have sald, be taken to Insure (i)
tlnt no pupil capabhle of profiting by a full secondary education should miss the
opportunity of receiving it, and (if) that the leaksge from the schools should
he, so far as possible, sloppea. We have drawn attention to these matters in
this section-of our report on the principle that if there is no milk there.can be
cream. : -
77. We have next to consider by what means a larger number of the able
cun be induced to remain at secondary schools for the period from 16 to 18
terwards to pass on to the universitjes or technical colleges. :
irst essential is that“there shonld be sufficient and attvactive careers
such students, Briefly, if industry wants men of sclentific ability who

open t

pared to pay for them. To offer sularies of £100 to £150 a year with very in-
definite prospects of future advancement is useless, The salaries and-prospects

education up to the nge of 22 or 23 and to persuade poor parents to bear the
additional burden Involved. .

Secondly. The existence of posts caur)lpg suflicient salaries and prospects
uust be made, known,  Hitherto there hus been a Videsprgad 1gnorance on the
matter. It is essential but it 1s not suftficient that there should be appointments

with unlversity professors and the teachers In technical colleges.” The work of

should be brought to the knowledge of parents.

Thirdly. Steps should be taken to secure that the hend masters of secondary
schools shall be fully Infornied as to the different courses of further study which
nre suitable for young men who desire to enter one or other of the scientifie
professions or industries. The head masters are called upon to advise parents
in matters affecting the future of thelr boys and through no fault of their own
they are not always in the best position to do so. It is quite unsafe to assume
that the varied opportunities for higher scleutific and technology instruction

by bead masters. The remedy lies with the instilutions for higher education.

those outside their immediate nelghborhood.

Fourthly. The nation mustiee to it thal there is a generous supply of (i)
maintenance allowances for secondary school pupils who have passed the first
school examination, enabling them to remain at school up to 18, nnd (ii) entrance
scholarships at the universities sufficient to cover the cost of education. The
cducatigf suthoritles must on the other hand do thelr part in strengthening
and. developing the work of the upper forms g0 that so far as possible there shall
be within reach of every boy at lenst one secondary school suitably staffed
and’ equlpped for the purpose of provldlng advnnced fastruction in sctence.

admitted by open competition and while serving as apprentices, the standard .

have taken a college course extending over four or five years, it must be pre-

of advaucement wust be such as to induce able young men to continue their .

hoards at the universities and that industrial firms should keep in close touch,

the appointiments bonrds should be made known to every bead master in the~
country, and the possibilities of sclentific careers in connection with industry’

which the universities and technical colieges provide are everywhere realized

They must establlsh closer relations with the secondary schools. not excludlng :

<
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sclentific learning and research they must recelve 8 measure of financial sup-
poft much more considerabie than any they have received hitherto,

178. We have stated in outline the reforms which must, {n our opinfon, he
effected if the supply of trained scientific workers is to be Increased. But it is
useless to speak of particular reforins unless the peed for reform is recoguized.
That sclentitic research and the scientific study and direction of industrinl
processeg are necessary for thg development of our industries and even for their
maintenance, in the face of foreign competition, is a proposition which In edu-
eiated circles will uot fn these days be denled. But as one of our correspotdents
writes: “ Scientific research on imgustrial problews {8 of no use whatever to uu
uneducated trade. Such a trade cd¥ueither state its oeeds with definfteness or
aceuracy, nor cau it interpret into practice and utlllg.e the results of reseurcl,
Indeed, it does not feel the need for'esearch, and’can not therefore make n
demand for ft. * * * In some tiades it will be necessary to wait for the fnll
development of research schemes until we have a generation of leaders qualified
to demand and make use of industrial.researeh.”

With these remarks we agree, und they have in truth a wider application,
It is not only those enguged tn industry for whom a better scientlfic education
I8 required. If sclenmce is to come by Its own the nation a8 a whole must he
brought to recognize the fundamental fmportance of the facts and principles of
science to the right ordering of our national 1ife. The more closely the work of
our legislutors touches the life of the people thie move Intimately it is concerned
with questions of food supply. housing. transport, the utilizntion of natural re-
sources, and the conditions which make for budily health, the more depewdent
it hecomes on the skilled advire and assistance of thosé who cin hring their
knowledge of sclence to bear on socinl and economic problems.

Certalnly we must provide the requisite training and opportunitier for those
who ‘are capnble of advanciug natural knowledge or acting as scientiflc experts.
But it Is no less Important that we should secure for all who are of an age to
recelve It an educatton which will enable them to reallze the vital need of 4
knowledge of sclence both for the Indtvidual and national well-heing.

The reforms we have suggested are such as might without difficulty he carried
out by employers, teachers, and education adthoritles working in cooperatlon,
We should hope that they will have bebind them the driving force of publle
opinion, stirred by the cfrcumstances of the times to recognize the extent of our
natfonal deficlencies and the need for a-natlonal effort.

SUMMARY OF PRINCIPAL CONCLUSIONS. ~~
- GENERAL,

Y L That natural sclence shouid be Inciuded in the general course of education

of all ap to the age of about 18, . O ¥

2. That the tests of such a course, recommended in the report, should, with

Decemaary modifications, be accepted as the normal qualification for entrance to

the aniversitios and professions. : §8 84-40, 100, 183

¥ 8 That real progress in education depends on a révolution in the public attl-
tude toward the salaries of teachers and the importancy of thelr training,

74 That a large increase in the number of scholarships at all stages of educy
{;- | tion is necessary, o ~ §898 (1x), 18%, 189, 142, 178, AT

e otsB ThHAt perfodical nspection should be compulsory on all achools and that this
. -, :nspectionshould be under the direction of the-Btate, - -, .2 . . .y

oy
b
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SUMMARY OF PRINCIPAL CONCLUSIONS, 95
. BECONDARY sCcHOOLS.

6. That steps should be taken to secure for ull pupils in State-alded secondary
schools a school life beglnning not later than 12 and extending at ieast up
to 16. § 12

7. That sclence should be included In the geueral course of edueation for all
pupils in publte and other secoudary schools up to the age of about 16, and that
this general course should be followed by more specialized study, whether in
science or in other subjects, § 3

8. That In all secondary schools for hovk the tlne given to science should he
not less than four perioda in the first yvear of the course from 12 to 18 and
not less than afx periods tn the three sucereding years. . -8 31

9. That increased attentlon should be given to the teaching of sclence iIn girls'
schools, $

10. That In girls’ schools with a 24-hour school w eok not less than 3 hours per
\\ovk should be devoted to sctence In the period 12-16. § 5

11, That a larger nutnber of State-zided schools sbould be encouraged 1o pro-
vide advanced instruction in sclence und that those which undertake advanced
work should be staffed on a more generous scale. § 12

12. That in suitable localities there shiould be some school or schools where
less time should be given to lLingunges and additional time to English, science,
muthemnntics, manual instruction, and wing. § 13

13. 'l‘h':lt ln the curricnla of alt prepafatory schools provision should be made for
the teaching of the elements of natural scivuce as defined in section 22 § 22

14, That the usual age of entry into the public schools should be lowered to
13 and that this should be the maximum age for entrance scholarship exami-
nnﬂons §13

. That the elements of naturai science shionld he a necessary 'ubject in the
en(rnnre e\nminntmn of public schools and that due welght should be given to

this subhject in ‘the entrance scholarship examinations to public schools. § 22
16. That generai education would be benetited by there being no division of
schools Into sides at the 12 to 16 stage, \ : ¢ 32

SCIENCE COURSE 12 TO 8.

17. That the sclence work for puplls unider 18 shquld be planced s a self-
contained course and should include, besides physlcs and chemistry, some study
of plant and animal life: $§ 42. 58

18. .That more attention should be directed to those aspects of the sciemces
which bear directly on the objects and experlences of everyday life. §§ 47, 48

10. That there should be as close correlatlon as possible between the teaching
of mathematics and science ut all stages in school work. § 45

20. That the present chaos of English weights and mcasures causes waste of
time and coufusion of thought and that there are strong educational reasons for

.. the adopﬁou of the metric system. a1 § 55
21. That all throug] e sclence course stress should be laid on the accurate
use of the Epglish lan age. . § 58

-SCIENCE COURSE 18 TO 18,

22. That the nt of time devoted from 16 to 18 to the subject or Fubjects

in which a pupil is specializing should be not leag than onehalf or more than
two-thirds of the school week. ‘e $ 80

- 28, That those spedallzlng {n sclence shopld conttnue some Ilterary stmly ud <
thm speciansmg in- Hterary subjects snould gln some. ume to m«m work s
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24. That courses In science of the kind Bug gested in section 64 should be pro-

" - vided for those specializing in subjects other then sciencs, § 64
25. That puplls who do advanced work in science should be enabled to acquire
a reading knowledge of French and German, : L )5

26. That 18 should be the normal age of entry from secondary schools to the
untversities, and that the age limit for entrance scholarships at Oxford and
Cambridge shiould be reduced to 18. §8 57,58

EXAMINATIONS.

27. That in the first school examination all candidates should be required to
sutisf{Ple- examiners both in mathematics and in natural science. . 83
28. That in this examination there should be cooperation between the teachers
nd examiners, and weight should be attached to the pupil’s school record. § 37
20. That the examinations in science for the leaving certificate of the Scottish
education departnent should include a written test. $ 8

TEACHERS IN SECONDARY SCHOOLS.

80. That it is essential that salaries and prospects of teachers in secondary
schools should be substantially improved and a natlonal pension scheme pro-

vided. § 13
31. That a full year's training shared between school and unhersxty i8 neces-
sury for all teachers in secondary schools. § 77
32. That grants for teachers iu training should be amilablg for all suitable
Inspected secondary schools, §17
33. That short courses of training of various types should be provided for
teachers. ’ . § 70
LABORATORIES.

84. Thilt the teachers In State-aided schools should be given freefomr and re.
sponslbility in the selection and purchase of laboratory appliances up to a fixed
annual amount. § 81

ELEMENTARY SCHOOLS.
85. That increased attention should be given to the provision of suitable

instruction in sclence fn the upper standards of elementary schools, § 88
36. That & larger number of students in training colleges should be en-
couraged to take advanced courses in science. $ 89

37. That there should be in every elementary school a room in addition to
the - ordinary classroom accommodation available for work in sclence and
other practical snbjects, . g0

TECHNICAL EDUCATION. o

88. That greater efforts should be made to develop and increase the pro.-
vislon of instruction {n pure and {n applied science in technical schools and ~
institutions of all grades. That arrangements should be made for consulta.
tion between the varlous fnstitutions giving sccondary-and technical instruc-
tlon within any area. 0 § 00

89. That many more scholarships are needed to enable technical students
to pass on to tho uulversities, and also to enable boys from junlor technical
schools (or thelr equlvalent) and from evenlug schools to enter senior technical
schools. : I

“ 40, ’Bhat the position of Junior technleal schools ln the educatloual syltem .
phould be reconside;ed. : . L 98
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SUMMARY OF PRINCIPAL CONCLUSIONS. - 97

. . .
41. That 1t is essential that the salaries and prospects of teachers fn tech-
nic ul schools should be substantially improved, and a national penslon scheme

provided for whole-timme teachers. §96 -

42. That in the proposed continuation classes provision should be made for
instruction in science both in Its generanl agpects and in its bearing on indus-
try. .0 $ 95

MEDICINE,

43. That the first school examination should be recognized by the Gen-
eral Medical Council as qunlifying for entrance into the medical profes-
sion, § 100

44, Tlmt students should be allowed to tuke the first professional examing-
tion in (a) chemistry and physics and (h) biology before entering the univer-

sity or medlcal school. § 102

435. That more scholarships should be provided for uln(lldmo«(of both sexes

tenable throughout the medlenl course, § 103
ENGINEERING.

48. That a thorough and practical training in mathematics and sclence 18
essentia]l to the school oducutéun of engineers; it can not be replaced and
need not be supplemented at school by practice in an engineering work-
shop. §8 106-107

AGRICULTURE.

47. That specific Instruetion in n;:*uhuro or agricultural sclence should
not he glven In clementury or secoudary schools, though under favérable cir-
cumstances a rural bias may be given to the work of a secondary school.

§§ 114,115, 117

48, Thut all comty edueation puthorities uctivg either singly or in coopera-

tion should provide well-equipped farm instltutes for thelr arens.. § 118

ARMY. -,

49. That science should be an nhl\gutory subject In the examination for
entrance into the Royal Military College, Sandhurst, and should be Included

fn the course of instruction in the college. v § 120

30, That steps should be taken to improve the efliclency of the instruction

In science at the Royai Milltary Academy, Woolwich, $ 120

61. That more encouragement shoulkl he given to officers at later stages of

thelr career to.improve thelr scientific qualifications. §% 120, 121, 123
HOME AND INDIA CIVIL SERVICE. '

i)

52, That an lnqulry shoul(lvbe made a8 to the best methods of securing the
services of sclentific men for the purposes of the Statd in pe nent posts
ad otherwise, rﬁ‘ § 181

3. That mahy permunent posta can best be fillled by men selectd not by .
the ordinary competitive examination, but at a riper age on the groundof high
sclentific qualifications and professional experlence, <8128

34. That all candidates for the competitive examination for these services -
should supply evidence of a continuous course of tminlng in science extend-
Ing over several years, ‘8% 125-128

55. That, to Insure sufficient catholicity in questions propounded in the viva
yoce .examination, these exnmlueu should mclude some reprenenutlve ot
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56, That I science be not required, as urged In recommendation No, 30
for the Imiia dvil service, it be a necessary supplementary subject for those

who tuke either classies or modern languages as their main subjéct. § 120
57. That the age lhmits of the Indin civil sersice and the university entruanee
scholarship exantinations gbould colnclde so far as possible. 312

UNIVERSITY EDUCATION.

a8, That the unlversities should adopt the first school examination as ihe
normal exawinhtion for admission and ahould abollish special matrieuiation i

examinations for candidates from schools. . PR
59. That Greek should not he retained as a necessary subject fn responions b
at Oxford or the previous examination at Cambridge. o
60. That the universities should mnke special arrangements to test the
. fitness for entrance of candidates who are over 23 years of age. § 185
L4
DEGREE COURSES IN SCIENCE AT THE UNIVERSITIES.
61. That the universities of Oxford and Cambridge should arrange to pro.
vide more sultable courses Iu sclence for candbdates who do wot abm at an
\ honors degree. ! § 144
. 62. That candidates for the unlversity (ntermediate examinations shouid
be aliowed to take the examinations from school. § 148

63.'That the universities sfould recognize the second school examination

A es alternative to the whole or part of their fotermediate examinations.  § 148 -
64, That it 18 desirable that a year spent mainly oo resenrch should form
part of the work of university students'preparing for careers concerned with
science and Its appleations; hut this should follow the course for a first

‘degree In sclence. : § 140
»85. That scholarships are needed Yo enable a 'young graduate to spend & -
year or more In research, at his own or at another university. § 151

'STATE AID TO THE UNIVERSITIES.
08. That Iarge expenditure of public money is necesgary to equip the uol-

versities for thefr work in pure and in applied science, §§ 151

67. That grants from publie funds to the universities should be Increased to

allow the universities to make a substantial reduction in their fees. § 143

. . UNIVERSITY TEACHERS.

68. That -the dutles of janlor demonstrators should le limited 8o that they

. can spend a considerable amount of tlme on rerearch. § 157
/ 69. That there should be posts of substantial value In university depart-
ments for senlor men whose best work lies in teaching. : § 157

70. That the heads of technological departiuents should be allowed to under-

take private professional.practice. -§ 173

SOOTTISH UNIVERSITIES. .

T1. That steps should be taken to remmove the limitations which confine ﬁ
large proportion of the old established bursaries tf the faculty of arts. § 163

OOKOLAMEIPB AT SOKOOLS AND UNIVERSITIES.
T2 That scholarshlps should be consldered as dlstlnotlons gwarded fa recog-

nition of Intellectual merit’ and promise, § 180
78. That all scholarahlps should be of nominal value, to be’ aupplemonted
nccordlng to need. ap ; o !l 23 138

e . ~‘ - N e,
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sUMM‘:nY OF PRINCIPAL CONCLUSIONS, ©-.99
“#71. That where necessary the whole cost of a scholar’s education and maln-
teuance should be defrayexd. i$ 23,138 -
5. That scholarships at the universities should be tenable for at least throe
yeurs, with a possibilfty of extension. § 13
6. That scholarships awarded by local educatlon authoritles should. not he
resteicted to particular universities, § 138
77, ‘That scholarships at the universities should be awarded on a wider
nge of subjects than at present. § 10
iR That the age limit for scholarships at Oxford and Cambridge shouid
be 18 rather {han 19. LERCTN
9. Tbat scholarships should not be awarded on work done in large pass
examinations for schovls. § 140

80, That scholarships to the universities rox: candidates from technical and
“eveniog schools should be awarded without an age limit, and for the present

on u limited range of subjects. . § 142
§1. That the number of scholarships at the wowen's colleges should be
inereased. §20
82. That loun funds should be established to enuble sentor students to
ubtain professional training. §§ 103,143
[J

SUPPLY OF TRAINED SCIENTIFIC WORKER?.

83. Thnt concerted efforts shonld be nmde by employers, teachers, local
edneation authorities, and the Stgte to incrense the flow of capable students
to the universitios and higher technical Institutlons with a view o securing
the lirger supply of truined scientific workers ‘required for industrinl and
other purposes, ) : §§ 168-177

.

Y
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A QUESTIONNAIRE ADDRESSED TO PUBLIC SCHOOLS. ‘

The schools represented on the Headmasters' Conference which are not in ‘
I'(‘(‘(Ipt of Government grant were asked to supply information as to the posi-
tioh of natural sclence in thelr curricula and as to thelr arrangements for
giving fnstructfon in it. On account of the want of published information as to
these schools, ft was thought désirable to send to them a. lopg and elaborate’
questlonnaire dealing with the details of school organization. The main points
with which the questions were concerned were the following: 5e

(a') Previous education of boys at promrntory schouls or in junior dopnrt-
ments ! examinations for admission.

(b) Qeneral achool organizatinn —Statistics ns to the numbers 0{ boys leav-
ing after the age of 16; division of the school Into sides nnd arrangements for 4
the transfer from one side to another: classitieation of boys into sets for
science, or for mathemntfes, or for hoth subjects.

(¢) Curricula.—Subjects tiught. and time allotted to them {n the various -

- parts of the school ; the position of science In the curriculum for all boys and
for boys who wish to devote a large amount of time to it; arrangements made
for boys who pass on to medicine or to engineering or to agriculture, and for
boys who work for universtty intermedinte exuminntiong at sehool.

(d) Bcholarships awarded by the school--(1) At entrance, (2) to boys
already at the s¢hool, (3) to boys passing on to universities or higher technleal
tostitutions: distribution of these scholarships to different studies,

(e} Scholarships gai after leaving  school.—(1) By school-entrance
scholars, (2) by other In the varlous subjects. .~ Admissions to the Royal
Military Academy, Woolwich,

() Stafr.—Statlstics ns to the numbers of masters tenching science only,
or mathematles only, or both subjects; other subjects tnught by sclence masters;
supervisfon of sclence tenchiig by a special master responstble for or;mnlﬂng it,

. (7) Laboratories and cquipment.—~Number and natore of Mlstlhg 1aborn-
tortes; their ndequacy {f niore sctence teaching were undertaken ; the provision
of laboratory asslqtnnts; speciel fees for lahoratory work,

B. QUESTIONNAIRE TO CHEMICAL MANUFACTURERS,

1. Into what grndeﬂ or clusses would you divide - your chemlcally trained
cemployees? ,

2. At what age do you prefer these clagses to enter the works, and froms
what educational institutions—secondary scbpols. technical collegea. universi-
‘tles—are they drawn?

3. How far do you find their prevloua chemical tralning of use to them?
Lo . What modifientions in thelr sclentific tralning “ould :you suggest in order to
. ‘miake them more useful? 9
) * 4, How far ‘do you consider that' some previous knowledge of eug‘lneerlng
would be. of advantnge to them1
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5. What rates of pay in normal times would you_consider adequate (i) fol\
a boy entering at 16; (ii) for a yoyng man after a college career; (ifl) for n \
man after having done a year or more of research work?

6./ Do you conslder that some previous scientific knowledge and tmlnlng is
desirable for those employees who are engaged in the buying and selling
departoients of your business, as distinguished from those engaged in work di-
rectly relnted to processes of manufaciure? If so, in what would this trnining
consigt? - .

7. What facilities,. If any, are provided for the continued education in
science, whether In works schools or elsewhere, of your employees after they
enter your service? Are the courses In science provided In the day or evening
¢lusses which your employees attend guch as to give them further sclent!fie
cduecation which is of direct value to them In thelr work? .

8. Have you any difliculty in obtaining suitably tralned men in all grades?

9. How far would you conslder it possible or advantageous that therg should
he cooperation in research work between chemical works and laboratories of
cducational institutions?

C. QUESTIONNAIRE TO' ENGIN&ERING- FIRMS, .

1. Hu\w‘v the character of the work they are called upon to under-
take, whal¥age the different grades or classes in which your emgloyees are
placed when they enter the service of your firm?

2. At what ages do you prefer these classs to enter? :

3. Do lads or young men who have spent more time than usual on their
education tind any difliculty In entering your employment? )

4. From what edueatfonal instifutions are they drawn—elementary, sec-
ondary, or technical schools, university colleges?

5. Do you hold an éntrance examination, or {s any paper qualification neces-
sary or desirable for adngssion to any grade?

G, What mo(lmcntlon if any, in tholr previous education would )ou suggest
in order to make them anore useful?”

7. Do you think that all your employees who have been at school until 16
should have received, hesides n general edueation including elementary mathe-
matics and drawing, training in the principles of physics and chemistry?

8. Have you any definite system of Joint training in the works and technical
school orn unlversity "(such us attending the technical 8chools for two aftdh-
nouhs 1 week, or a sandwich system for longer periods)? If so, are the results
reasonnbly satisfactory and in what directions might improvements be made?

0. To what extent do the facilities offered at the local technlcal schools
supply the need for part-time education?

10. Has any lack of such facilities caused you difficulty in’ selecting fore-
wen and men in other respoasible positions from among your own employces?

11. Do you make any perlodicfil assessment of the progress of apprentices,
hoth in the shops and in their theoretical training? And 18 any means afforded_
of promotion of apprentices frojn one grade to another?

12. Befor¢ the war had you any difﬂculty in obtaining agitnbly tcained
apprentices 1iy any grade?

13. Any addi al observatloz-\ ‘or suggestions Dbearing on the followlng

' hassage in the ittee’s terms of reference; * To advise' whiat measures are

-
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§

needed ta promote the study of sclence, regard béing had to . . . the lntorest!";‘

"of the trades, industrles, and protessions whlch partlc‘rly depend upon
# applled science. 2 . R . :

13
Y
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. thelr eatering the university. uvd does this apply to the needs of all fuculties?

_ning at the level nlrendy 1euglw(l at school) prcpumtory to more wpeclnll/od .

D. QUESTIONNAIRE ADDRESSED TO REPRESBNTATIVES OF AGBICUL.
TURE.

1. Preparation for the agricultural college.—What preliminary training in
sclence, if any, do you consider desirabte in the secondary schools for hoys who
are golng to enter n agriealtyral vollege or department? Should this |r:1ln.
{ng consist o ﬂc instruction in chemtstry, physics, botany, or zoology,
would you pretor a more generalized acquaintance with the whole field ut .
the -physical and naturul sclences?  Would yvou wish that the se hoot conrsa
should embrace any instruction in agriculture or agrhultural science?

2. Preparation of boys 1who will attend farm mamufﬂ for short technical
courses of agriculture, and who intend to hecome working farmers or baidiffs.—

If these boys attend a country seconddnry school up to the age of 16 or there.
abouts before coning to the farm In&tltuto what sclence tenching should they
receive at school as a preparation for the later technical instruction?

3. Have you any experience -of secondary schiools with a rural bhias? Do
you consider that the courtry grammar' school can profitubly deveélop an
agricultural side or blus, either as an nlternutive to the ﬁ\rm Institate or in
preparation <for it, the end heing the training of the working farmer, who
will not usuaily go to the agricultural cotlege?

4. How do you consider scientitic or techntenl instruction cnn best be given
to the future small holder or agricultursl lnbored§. Huvo You any experience
of continuation schools, which curry on the hoy'a eduvnuun after he has left
the nrimary school und while he is at work on the farm? What form of in-
struction, agricuitural or sclentific, do you conslder can best he given under
theSe copditions?

5. Have you-any suggestions to make concerning the t;uining of the teuchers
who will be required for the above purposes?

The (ommmee will welcome. nny further suggestions with regiurd to the
charnvler or extent of the sclentific training of any of the classes who wiil be
engaged in the working, munugvnwnt or administration of land. N

E. QUESTIONNAIRE ADDRESSED TO UNIVERSITIES AND UNIVERSITY
COLLEGYES IN GREAT BRITAIN.

1. To what extent ds it deslrnble that a somewhat prolonged elementnry
training in science, with Inlmrugw work, shouid havo been an obiigatéry it
of the secondary school education: of all student« at some time previous to

2. In view of the development of more advanced scientiflc tenching in the
highest classes of secondnry schools, I ow desirable to nake arrangements -
which will relieve students from helnf"“]ulrml on their eatrance to the
university, to repeat work which they have already. done at school, e g

(a) Should the intermedinte exnminatioy for the B. Sc. degree amd the first
M. B. examination be nllowed to be taken from school? If 80, on what security .+
as to adequate teaching and laboratory work jn the school courSe ?

(d) Is it uoslrahle that on eutering the unheMtv every student of sclence
and of medicine sbould go through one mnrs course In pure science Abegin:

study?

(0) Would it be desirable to allow well prepared candldum to tuke the
first part of their degree examination at an earlier sh\ge umu at pusem?

8. With special regard to the requirements of sclence, {8 there need for
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would encourage and enable an increased number of students to undertake
a course of study for d\degree or diploma at the university? ) .

What should be the value of such scholarships; thelr length of tenure:
what”extension of tenure should be possible in approved cases; how, and by
which authority, should the scholarships be awarded ; should the scholarships,
if awarded by open competitive examination, be of small money value, to be
supplemented according to the needs or circumstances of the candidaie after
confidential inquiry? v
4. Is it desirable to give to the winners of entrance scholarships, and of'
major county scholarships, freedom of choice between the various degree
courses offered by the university? Should students be required to take special 1
subjects fn the examinatlong for entrance scholarships and for county major
J stholurships sccording to the degree course which they intend to pursue at

the university? i .

5. Is the present watriculation examination sntlsfactoi;v for older students,
kay, of over 0 yeurs of age, in whose cureer there bas heen n fong interval
hetween the close of their school course and their deciston to seek admission
to the university ? .

, 6. Are the present degree courses In science found to encourage in the
students something of the vesearch spirit?  Should some research work be
required as part of the course for students seeking honors in sctence?

b desienble to provide a degree course which combines more fully
mathematics and some branch, of science? . .

8 Do the present degree Yeourses in pure sclence sufficiently meet the
necds of thege students who will Jater seck employment in scientific posts o
connected with fndustry ? .

0. It has been suggested thnt there nre some students whose needs would best
he met by the study of sobjects which do not constitute a recognized group
provided for h'n the regulations for any one degree examination; and that
arrangements should be made so that a satisfactory, ageregate of work in
such subjects should qualify for & degree. Do yon approve of this suggestion?

Are any new combinations desirable among the courses for a degree in ’
gclence, e. g, of chemistry and engineerivg in preparation for certain indug-
trial posts? )

10. Is it destrable that further encouragemont should be given to student"of
applied science to study during their university course—(a) modern lan- ..
guage? (&) economies? . )

11. Is further provision necessary for the encourazement of advanced courses
of study and research on the part of men and women who have already graduo- |
- ated, e. g.: !

(a) By extension of laboratories;
(b) By the establishment of new professorships or lectureships;
'(c) By the offer of a mew degree, common to all faculties, to be obtained
after two year} advanced study, Ineluding independent investiga- .
. tion ; - .
(d) By the provislo

Y

t additional fellowships or graduate echolarships ;
(e) By facllities the publication of the resuits of research?

12. Would the versity be fu favor of Incrensed facllities for. students,
graduate and upMergraduate, to pass from one university to another for the
study of special subjects? ‘ ’ - .

18.—(@) In the older-universities would the interests of the study of pure

' acience be furthered by increafed facilitles for the study of i
applied science? ] ™. o TR
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(d) In some universities of more recent foundation is.it desirable to
strengthen the facllities for rescarch in purg science in the in-
terests of the study of applied science?

(¢) Is it desirable that new chairs or other teaching or research posts

. in pure or applied science should be established, and that’ other
fncreased mcllitles for the study of thex& subjects should be
provided?

14. Are the salarfes and the prospects of promotion offered Mthln the uni-
versity or availnble elsewhere for junior members of the sclentific staffs of
universities ndequate to secure effective service aud the new recruits required?

' . _ 15, What menns have been found most effective In securing cooperation
between the” various industries and those scientific and other departwents of
_ the university which are most closely cmmocted with their respective needs,
e g:
’ (a) Establishgient of advisory committees: their composition and duties;
(b) Allowance of private professional practice on the part of pro{ev.squ
and other members of the university. staff;
. (¢) Industrial research studentships in the unhers:ty lnboratories ;
o (d)l Provision of specinl facilities in'dhe university laboratories for re-
gearch conducted under conditions of privacy on behnlf of private
firms or combinations of firms;
(¢) Establishment of appointments committee; °
(#) Facllities by which students of applied sclence may have a perlod of
experience In factories, etc.?

» 16. What form of preparation in  the practice of teaching s offered to
students Intending to become science mn.sten or mistresses in schoolr? At what
stage or stages should such a course be taken? Are there sufficient scholarships
for students taking such a course! Are special courses of lectures and labora-
tory work open at the univer3ity to those who are already working as teachers
ot selence im secondary schiools? If so, what i3 the best time of year for such
&ou and what should be the duration of the course?

1 the conditions laid down by the comnittee of the privy .council for
sclentific and Industrial research enable full use to be made of the scientific
resourtes of the university In the prosecution of research?

.18, Aré Inrger subsidies from the trensur)-nﬁw required (a) for the ade-
quate development of the work of the university {n pure and nppllod sclence;

(0) for the general purposes of the university?

Is it desirable that the Government should make building and equlpm nt
grants for the provision of new laboratories in the English universitles? ) »

J&»Are steps taken to secure Interchange of’ views and experience between
the members of the university staff and the headmasters-and headmistresses®
of -secondary scbools and the teaching staffs of technical colleges on ¢ducational J
matters, Including the careers open to students? -

20, Has there geen collaboration in teaching or research “between memnbers

~of the sclentific staffs of the university, of the technical schools, and of me .

e 7 secondary schools?’

o : ’
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INDEX. '

Adalt education, sclentific, 8587, -

Acriculture. questibnnalre addressed tu representatives of, 102; science in .
relatfon, 61-68.

Ay, seientifie training, 69-70.

Astronomy, teachlng, 37.

jotany, tceaching, 33.

Roys” schools, England, science teaching, 10-19.

Cunbridge University, compulsory Greek, 73; entrance scholarshlps, 16; method
of award of scholurships, 75; pass degrees In sclence, 77, '

Chemieal Industries, value of training for, 68-69, ..

Chemleal tunufacturers, questionnaire, 100—101

Chemistry, teaching. 32,

Civil gervice, scientific tratnlng for, 71-72.

Committee to Inguire Into tlie position of natural sclence, members, 5.

Conelustons, summary of principal, 94-99,

Degree courses, universities, 77-79.

Dezrees, pass, in science, Oxford mul Cumbridge, 77; research work, 80,

Elementary education. Scw Secondary, elementary, and technical education,

Elementary schools, scienve teaching, 4648,

Engineering, instruction, 80-61.

Fugineering firms, quéstionhalre, 101. P

England, boys' schools, science teaching, 10-19.

English, teaching, importance of, 33.

Entrance scholarships, at the universities, 74-78; Oxford and Oambridge. 18

Examinations, admisslon, jn medicine, ot»-.)(} first school, science, 24-28; quall.
fying in pharmacy, 59; second schoul, 39.

Fees, university, 70-77.

General education, secondary schools, 22 23. .

Girls’ schools, England, science teaching, 19-22,

Grant-earning secondary schools, science teaching, 10-13, . . o .

Greek, compulsory, at Oxford and Cambridge, 73.

History af science, teaching, 87-88.

India civil service, scientific training, 71-72. Y .

Industries, chemical, value of tralring for, 68-60 ; quesuonnalre addressed to.
100-102; gy:sentatlon of, In technical schools, 52; supply of trained sclen-
tific workers, 87-94. _ oo

luspection of schools, 23-24. . ¢ )

Junior technical pchools, 53-64. :

Laboratories, accommodation and equipment, 44-46, 83-84, work

Latin, and entrance examination in medical.schools, 56,

Librariés, sclentlfic, 45-48; technical schools, 52

Mathematics and natural sclence. cornlauon. 28-29,

Medical students, future supply, 58-59,

Medlclne, instrucuon. 5569, . =

.
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. Royal College of Sgleuce, foundation, 7.

.
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INDEX.

Military education, 69-70. '

Nuture 3tudy, 28.

Navy, scientific education, 70-TL
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