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P A R T I . 



I . 

I N T R O D U C T I O N . 

"LET NATURE LEAD." 

" I n boys' schools generally, Biology s u f f e r s 
from neglect This s i t u a t i o n i s s a t i s 
f a c t o r y n e i t h e r from the c u l t u r a l standpoint nor 
the u t i l i t a r i a n . To neglect Biology i s , on the 
one hand, to ignore one of the fundamental expressions 
of the s c i e n t i f i c l i f e , to shut one's eyes to a h a l f 
of nature, and to remain a stranger to ideas which 
have exercised an immeasurable influence on modern 
thought. On the other hand, i t i s to be ignorant o f , 
and therefore unsympathetically disposed towards, 
matters of the highest importance to i n d i v i d u a l 
happiness and s o c i a l well-being." 

Professor S i r Percy Nunn, -
"The New Teaching - (Science)" 

B i o l o g i c a l study - man's attempt to probe i n t o 
the mysteries of Nature - has existed since man's a r r i v a l 
on the face of t h i s planet, yet i t i s only a short while 
ago th a t the gradual accumulated e f f e c t of t h i s study 
and of Science i n general has been able to produce the 
weight of opinion necessary to modify the course of 
study i n our schools from pre-ponderingly humanitarian 
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to p a r t l y - r e a l i s t i c and p r a c t i c a l . Even then the 
old t r a d i t i o n lingered on i n the form of a model-
plan of approach to the study of Science. 

For instance, Science was introduced i n a t e n t a t i v e 
way at Rugby i n 1849 - l e c t u r e s were given i n the Town 
H a l l and i t was o p t i o n a l f o r the boys to attend. I t 
was ten years a f t e r that a l a b o r a t o r y was b u i l t . 
Again, the 1870 Royal Commission Report s t a t e d that 
at that time boys were prepared f o r examination i n 
Science by means of le c t u r e s and t e x t book reading, 
and even i n schools which possessed l a b o r a t o r i e s 
p r a c t i c a l work was regarded as a p r i v i l e g e f o r 
Advanced p u p i l s . Stress was l a i d on f a c t s and not 
on p r i n c i p l e s . 

The subject, t h e r e f o r e , was taught f o r a t i m e , 
by minds t r a i n e d i n the humanistic school, taught 
according to f i x e d r u l e s and set methods, which 
caused i t to lose i t s essence, f o r the stufly of Science 
and Biology i n p a r t i c u l a r must be based upon actual 
contact w i t h n a t u r a l phenomena. 

More r e c e n t l y , however, there has been more 
freedom i n Education, and Biology as a subject, 
besides coming slowly but surely i n t o i t s own, i s also 
helped along by t h i s freedom^. The teacher i s allowed 
more ' l a t e r a l play' and thus Is more l i k e l y to become 
in s p i r e d by a true love of nature. Nature h e r s e l f 
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i s beginning to take a hand i n the arrangement of the 
teaching m a t e r i a l , the i n s p i r a t i o n of the teacher, and 
i n the welfare of the taught. I t i s being r e a l i s e d , 
t h a t Biology, by the t r a i n i n g i t o f f e r s i n p r a c t i c a l 
observation of the various aspects of plant and animal 
l i f e , culminating i n the v i t a l problems appertaining to 
man's body and mind, i s at the very foundation of 
i n d i v i d u a l ^ n a t i o n a l , and world welfare. 

Slowly, but surely, i f only f o r t h i s reason alone, 
the subject w i l l come to occupy a very prominent p o s i t i o n 
i n the school curriculum of the f u t u r e . 

Man i s the c h i l d of Nature. She i s h i s best 
teacher, and he w i l l do w e l l t o hearken unto her teach
ings, f o r they are precious and her secrets are revealed 
only t o those who seek i n the r i g h t s p i r i t . This i s 
her way, so l e t her lead the way - the way of the 
Universe - the way of Evolution - the way of L i f e -
the path of Progress - H i s t o r y . 

An attempt has been made i n the f o l l o w i n g pages to 
t r ^ c e the importance of Biology as a subject i n the school 
curriculum, and to demonstrate a method of presenting the 
subject. A claim i s put forward f o r the h i s t o r i c a l -
observational method as a tr u e basis f o r the teaching of 
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the Science, and i t i s suggested tha t the method might not 
only b e n e f i t the teaching of other Sciences but possibly 
also of other subjects i n the curriculum. 

The main p o r t i o n of t h i s Thesis has been devoted t o a 
Scheme of Work i n Biology based upon these suggestions, 
and t o a l a r g e extent already t r i e d out and r e f i n e d by 
experience. 
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P A R T I 

The Development and Value of Science Teaching w i t h 
Special reference to Biology. 

1. The Growth of the S c i e n t i f i c A t t i t u d e of Mind. 

The development of the teaching of a subject must 
necessarily depend l a r g e l y upon the development of 
knowledge i n t h a t subject. The teaching i s n a t u r a l l y 
dependent upon the subject-matter to be taught. 

The o l d Greek Philosophy which had held up the 
lamp of knowledge and wisdom to the whole world was 
discouraged and f o r g o t t e n by the Romans i n t h e i r excessive 
love of the ph y s i c a l . Some Arab t r i b e s , however, were 
able t o preserve some of t h i s Greek c u l t u r e and i t was 
t h i s remnant t h a t , f o l l o w i n g upon the Dark Ages, formed 
some s o r t of a stable foundation f o r the Awakening which 
came i n the 13th century. 

The f i r s t sign of t h i s awakening was the r i s e o f the 
U n i v e r s i t i e s - Oxford and l a t e r Cambridge being established 
by batches of students from Bologna and Paris. For a 
long time the t r a d i t i o n of A r i s t o t l e l a s t e d and f o r 
centuries, up to the 19th^the Church was against the 
s c i e n t i f i c s p i r i t of probing too deeply i n t o the nature 
of t h i n g s . 
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Translations of Galen's works formed the basis of 

study i n the 14th and 15th Centuries, and there vias no 
experimental work, although Roger Bacon i n the 13th 
Century had advocated i t . S t i l l the s p i r i t of enquiry 
i n Science grew, i n s p i t e of heavy persecution. Men 
set themselves well-defined problems and the enquiry 
tended to become intensive r a t her than extensive - deep 
ra t h e r than s u p e r f i c i a l . This intensiveness became the 
mark of the s c i e n t i f i c s p i r i t i n England e a r l y i n the 
17th Century and i t i s the keynote of present-day 
s p e c i a l i s a t i o n i n research. 

During the C i v i l VYar small groups of men, i n s p i r e d 
w i t h the new s p i r i t , eventually established a Club, which 
l a t e r became the Royal Society, a landmark i n the h i s t o r y 
of Science. I t s meetings brought together i n v e s t i g a t i o n s 
from various f i e l d s and the interchange of ideas helped 
the progress of Science. The p u b l i c a t i o n of i t s Proceed
ings was a f u r t h e r a i d . 

Thus the s c i e n t i f i c s p i r i t p r e v ailed and developed. 
Knowledge was r a p i d l y advancing and the public was 
gradu a l l y becoming s c i e n t i f i c a l l y - m i n d e d . I t became 
imperative to give serious thought t o the teaching of 
Science. 
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The Development of Science Teaching i n General. 
The antagonism of the Church and the close connection 

that existed between the Church and the ( I n i v e r s i t i e s 
was one of the causes v/hich considerably delayed the 
change i n outlook i n the Schools. The Church was against 
the experimental S c i e n t i f i c method and the change of 
ideas which S c i e n t i f i c thought implied. Owing to t h i s 
and other causes the curriculum of the Grammar Schools 
remained e s s e n t i a l l y c l a s s i c a l u n t i l the 19th Century. 
The course prescribed by founders was r i g i d l y followed. 
Thus Natural Science^as we know the term,did not enjoy 
an established p o s i t i o n i n the teaching u n t i l the sefcond 
h a l f of the 19th Century. I t was introduced, t e n t a t i v e 
l y , i n t o some schools about the middle of the century, 
but the work was done under great d i f f i c u l t i e s . 
Gradually i t won respect - due p a r t l y to the w r i t i n g s 
of men l i k e K e l v i n , Darwin, Spencer and Huxley. The 
tendency, hov/ever, was to teach i t t o p u p i l s who f a i l e d 
at Classics or Mathematics^and to g i r l s at t h i s time 
no Science was taught at a l l . Some kinds of l a b o r a t o r i e s 
were found i n the 80*s, and the number slowly increased, 
but these l a b o r a t o r i e s were i l l - e q u i p p e d and the l i t t l e 
Science taught was done at demonstration tables. The 
advance since then has been i n the d i r e c t i o n of labora
t o r y experimental work. 
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I t i s not strange, t h e r e f o r e , t o f i n d the pendulum 
swinging too f a r i n the opposite d i r e c t i o n i n schools 
which sprang up under the d i r e c t i o n of the Science and 
Art Department to?;ards the end of the 19th Century. 
I n these the curriculum became so s c i e n t i f i c t h a t 
l i t e r a t u r e tended to be excluded, and t h i s became one 
of the f i r s t problems to beset the newly-formed Board 
of Education i n 1899, w i t h the r e s u l t that d u r ing the 
f i r s t twenty years of the present Century Science teaching 
has become more balanced i n the grant earning secondary 
schools, and has secured a f i r m e r hold on the other 
Schools. S t i l l , even to-day, the o l d t r a d i t i o n 
dies hard i n the older schools. 

The r i s e of the newer U n i v e r s i t i e s did much to the 
cause of Science by o f f e r i n g a lead i n i t s teaching and 
opp o r t u n i t i e s of research i n i t . 

F i n a l l y , the Great War brought home to the Nation 
the inadequacy of i t s s c i e n t i f i c t r a i n i n g and Sanderson 
of Oundle became the champion of the S c i e n t i f i c cause 
i n Schools. He l a i d great stress upon experi^mental 
work and introduced workshops and machines. Every 
possible branch of Science was included and every 
c r a f t taught. During the War the boys turned these 

» 

workshops to good account. This was applied Science 
as understood by Sanderson - one o f our g r e a t Head
masters. "Education f o r a New Age», he said, "must 
be broadly based on Science, and the master must always 
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remember th a t Science i s a l i v e , s t i l l open, s t i l l 
developing." 

The Development of B i o l o g i c a l Teaching 
i n P a r t i c u l a r . 

In t h i s long struggle f o r r e c o g n i t i o n on the part 
of Science, Biology has had to bear, possibly, more 
than i t s share. I n i t s case the f i g h t has been 
prolonged and (at the present day) i t i s only beginning 
to reap the f r u i t s of v i c t o r y . 

Harvey's work on the movement of the blood, e a r l y 
i n the 17th Century created modern physiology and i t s 
bearing upon b i o l o g i c a l thought was profound. His 
method of i n q u i r y , by d i r e c t experiment, had a marked 
influence on the progress of Natural Scieaoe teaching. 

Up to the 16th Century the Study of Biology had 
been l i n k e d up w i t h t h a t of Medicine. The new b i r t h 
of Science i n t h a t Century gave r i s e to i t s independent 
existence as a subject. At t h i s time too, many school
masters were physicians and they n a t u r a l l y introduced 
Natural H i s t o r y i n t o t h e i r schools. Comenius (159E -
1670) advocated the teaching of N a t u r a l H i s t o r y , mainly 
by means of p i c t u r e s . IfYoodward (1590 - 1675) - a 
London Schoolmaster, was a pioneer of Nature Study 
t r a i n i n g . 
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The f i r s t Professor of Botany at Oxford was appointed 
i n 1669, and he read on Plants i n the Garden twice a 
week f o r f i v e weeks. Yet there v/as very l i t t l e change 
i n the o f f i c i a l U n i v e r s i t y a t t i t u d e towards b i o l o g i c a l 
study f o r a long time, and those i n t e r e s t e d sought 
u n o f f i c i a l t u i t i o n . Ray (1628 - 1705) did much to 
systematize Zoology and Botany, but h i s influence 6m 
the teaching has' only been f e l t comparatively r e c e n t l y . 
Many Clubs and Societies played t h e i r p a r t , among them 
being the Lunar Society of Birmingham, founded i n 1766 
by Erasmus Darwin and h i s f r i e n d s , and the L i t e r a r y 
and Philosophical Society of Manchester founded i n 1781. 
At the close of the 18th Century p r a c t i c a l a p p l i c a t i o n 
of Science to i n d u s t r y was occupying a t t e n t i o n , and 
whereas up to then the teaching of a l l the Sciences 
had been more or less l i n k e d up (meagre and disorganised 
though the teaching was) from then onwards the seeming 
u t i l i t a r i a n advantage of Chemistry and Physics (the 
l a t t e r i n p a r t i c u l a r ) tended to oust out b i o l o g i c a l 
considerations. Yet many developments i n Chemistry 
and Physics came from Biology - f o r instance, Lavoisier's 
i n v e s t i g a t i o n s on the r e l a t i o n s between work and energy 
i n animals. 

Thus Chemistry and Physics began to be taken s e r i o u s l y 
as school subjects during the l a t t e r p a r t of the 19th 
Century, whereas Biology i s only now (1934) beginning 
to receive serious a t t e n t i o n . This i n s p i t e of the 
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f a c t t h a t possibly Biology as a Science i s older than 
e i t h e r of the other two. The u t i l i t a r i a n motive was 
behind t h i s over-emphasis of Chemistry and Physics 
at the expense of Biology. Following the i n d u s t r i a l 
r e v o l u t i o n the cry was f o r the teaching of those Sciences 
which hafiL a mechanical bearing. Necessity gave Chemistry 
and Physics the v i c t o r y i n the 19th Century - necessity 
i s p o i n t i n g the way to the ascendancy of Biology i n the 
20th Century. I t i s being slowly r e a l i s e d t h a t the 
teaching of t h i s Science i s at the root of human happiness. 

Huxley's influence went a long way towards b r i n g i n g 
about t h i s i n t e r e s t i n B i o l o g i c a l teaching. He waged 
an energetic cappaign on i t s behalf. His labours 
f i n a l l y l e d to the establishment of the Royal College of 
Science. Other Colleges and U n i v e r s i t i e s sprang up, 
in c l u d i n g London and Manchester U n i v e r s i t i e s , the l a t t e r 
producing one of the greatest B i o l o g i s t s of the 20th 
Century - J.A. Thomson - another man who made h i s c o n t r i b u 
t i o n to the cause of Biology teaching. 

Royal Commissions since 1860 have emphasized i n t h e i r 
reports the neglect of Natural Science i n general and of 
Biology i n p a r t i c u l a r , and since th a t date also Examination 
requirements have considerably influenced the work i n 
the schools. Most Examining Boards now include Biology 
i n t h e i r syllabus and i t has changed i t s name from the 
Botany (of G i r l s ' Schools) of the old days. During the 
l a s t few years attempts have been made to r a i s e to a high 
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standard the School C e r t i f i c a t e and the Higher School 
C e r t i f i c a t e syllabuses and examination questions. 
This has helped t o make the subject a d e f i n i t e l y 
standardised Science i n the curriculum. 

A Summary-Review of the Development of 
Biology-teaching. 

Towards the end of the 19th Century, most schools 
w i t h a p u b l i c , grammar, secondary or p r i v a t e foundation, 
catered f o r Science i n t h e i r curriculum. 

Of recent years the growth i n numbers of those 
proceeding to the U n i v e r s i t i e s has l e d to a t i g h t e n i n g 
of the regulations concerning entrance, and a u t h o r i t i e s are 
faced w i t h the problem of e l i m i n a t i n g those who are not 
l i k e l y to p r o f i t by an U n i v e r i s y t education. Thus 
M a t r i c u l a t i o n has become almost the mw^imum standard. 
The teaching of specialised subjects f o r p a r t i c u l a r 
purposes led to the inauguration of Senior Local Examina
t i o n s by the U n i v e r s i t i e s . This led t o the establishment 
of Advanced Courses i n Schools, that i s , courses which, 
normally, before, were taken at the U n i v e r s i t y i n the 
f i r s t year. This lowered the cost of such a course 
considerably. 

This reason, coupled w i t h the f a c t t h a t i n t e r e s t i n 
Biology had been g r a d u a l l y roused, due i n no small 
measure to Darwin and Huxley, l e d to an increased 
tendency towards the teaching of the Science i n the 
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s c h o o l s , and i t became e s t a b l i s h e d as a M a t r i c u l a t i o n 

s u b j e c t ( i t was adopted by the Oxford Board i n 1906). 

The b r i l l i a n t work of the 19th Century i n phy s i o l o g y 

and pathology i s becoming p a r t of g e n e r a l Zoology. The 

study of Embryology i s now being t a c k l e d from the p o i n t 

of view of Ph y s i o l o g y . I n f a c t , B i o l o g y i s f a s t 

e s t a b l i s h i n g i t s e l f as a r e a l S c i e n c e . Newjknowledge i s 

s t i m u l a t i n g the a p p l i c a t i o n of B i o l o g i c a l i d e a s i n 

many f i e l d s , and t h i s i s t u r n i n g men*s minds to a 

s e r i o u s study of a S c i e n c e which they are beginning 

to r e a l i s e , i s so i n t i m a t e l y connected w i t h s o c i a l and 

moral problems. The change i n a t t i t u d e i s b e i n g r e g i s t e r 

ed i n the s c h o o l s . 

B e s i d e s these moral and c u l t u r a l a s p e c t s , the 

u t i l i t a r i a n p o i n t of view, v e r y l i t t l e s t r e s s e d i n the 

p a s t , i s making i t s e l f f e l t . A t t e n t i o n i s drawn to a 

S u b j e c t which has so much bea r i n g upon A g r i c u l t u r e - and 

other i n d u s t r i e s . People begin to take s e r i o u s n o t i c e 

of a s u b j e c t which forms the b a s i s of t h e i r occupation. 

County a u t h o r i t i e s , S o c i e t i e s , Research S t a t i o n s , 

and g r e a t b u s i n e s s f i r m s are g r a d u a l l y becoming mindful 

of the f a c t t h a t a B i o l o g i c a l t r a i n i n g i s , a t l e a s t , 

u s e f u l f o r employer and employee a l i k e . At the pre s e n t 

time, education a u t h o r i t i e s (e.g. S t a f f o r d s h i r e ) o f f e r 

A g r i c u l t u r a l and Medical S c h o l a r s h i p s to U n i v e r s i t i e s , 

The c o n d i t i o n s l a i d down (and indeed i m p l i e d ) make i t 

e s s e n t i a l t h a t condidalres s h a l l have been taught B i o l o g y 
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a t School, 

Y e t t h e r e are many Schools to-day which have not 

kept pace w i t h t h i s growing consciousness of the 

v a l u e of the s u b j e c t . 

The S o c i a l Hygiene C o u n c i l i s the l a t e s t advocate 

of B i o l o g y - t e a c h i n g ^ — Xt has i s s u e d a Handbook on the 

Proceedings of the N a t i o n a l Conference on the P l a c e of 

B i o l o g y i n E d u c a t i o n , organised by the C o u n c i l - and 

i t promises to be a powerful one. 



P A R T I I . 
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P A R T I I . 

THE IMPORTANCE of BIOLOGY I n SCIENTIFIC TRAINING. 

The Influence of 19th Century Pioneers. 

I n 1861, describing Science as "the Cinderella 
of the f a m i l y of knowledge", Herbert Spencer spoke of 
b i o l o g i c a l f a c t s as reaching man i n the course o f every
day i n f o r m a t i o n , as scanty, i n d e f i n i t e , and rudimentary, 
and yet aid i n g him so e s s e n t i a l l y . "What must be the 
value to him of such f a c t s " , says Spencer,"when they 
become p o s i t i v e , d e f i n i t e , and exhaustive?" 

Even at t h a t time, a man of v i s i o n , l i k e Spencer, 
saw the b e n e f i t s t h a t r a t i o n a l b i o l ogy conferred on Man, 
i n teaching him r u l e s of d i e t and h a b i t , and curing h i s 
diseases - and, prophet t h a t he was - he foresaw the great 
p o s s i b i l i t i e s of t h i s branch of Science. He maintained 
t h a t i t was our duty i n education, t o adopt a course of 
cu l t u r e i n d i c a t e d by Naturals own bidding - as exemplified 
by the innate i n t e r e s t taken by the young i n t h e i r n a t u r a l 
surroundings - to f o l l o w t h i s up, develop i t and b u i l d 
upon i t a wonderful e d i f i c e of the mind, by progressing 
along n a t u r a l channels. He deplored the narrow conception 
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Of u t i l i t y t h a t p r e v a i l e d i n h i s own time, a conception 
which measured r e s u l t s by money values only, and he 
maintained t h a t the laws of l i f e u n derlie not only a l l 
b o d i l y and mental processes, but, by i m p l i c a t i o n , a l l 
transactions of everyday l i f e of commerce, of p o l i t i c s , 
and of morals, and t h a t , t h e r e f o r e , without a comprehension 
of them, n e i t h e r personal nor s o c i a l conduct can be r i g h t l y 
regulated. 

Due t o a great extent, at l e a s t i n the f i r s t place, 
to the s t i r caused i n the educational world by the w r i t i n g s 
of such men as Spencer, Darwin, and Huxley, i t can now be 
claimed t h a t Science - being one of the grand expressions 
of the human s p i r i t - has a r i g h t to a prominent and 
honourable p o s i t i o n i n the curriculum - at l e a s t equal t o 
th a t accorded A r t and L i t e r a t u r e . This being so, and 
since the main importance of Science l i e s i n the s c i e n t i f i c 
l i f e and not i n the s c i e n t i f i c method, important though 
t h a t c e r t a i n l y i s - i t becomes necessary f o r a l l those who 
play a p a r t i n educating the world of to-day to i n v e s t i g a t e 
and f i n d out what must be the true c h a r a c t e r i s t i c s of the 
S c i e n t i f i c l i f e . 

The S c i e n t i f i c L i f e . 
Their basis, we maintain, l i e s i n true lo^e of nature. 

Natixre gives up her secrets sparingly - she guards them 
w i t h a jealous eye - and she i n v a r i a b l y reveals them, one 
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by one, and very c a u t i o u s l y , to the ones, and the ones 
only, who have proved themselves i n s p i r e d by the ^uast 
f o r her t r u t h f o r t h a t t r u t h ' s sake alone. A l l great 
discoveries of t r u t h s i n realms of Science have been made 
by t r u e S c i e n t i s t s , those who dedicated t h e i r l i v e s to the 
passionate search f o r t r u t h . I t i s an i r o n y of f a t e , too, 
th a t these men, generally, gain very l i t t l e f o r themselves, 
except t h i s passion f o r knowledge, and s e l f - s a t i s f a c t i o n , 
together, of course, w i t h i n c i d e n t a l fame. 

Aim of Science Teaching i n General and 
Biology Teaching i n P a r t i c u l a r . 

I t must thus be the f i r s t aim i n Science teaching 
i n general, and i n Biology teaching i n p a r t i c u l a r , to 
f o s t e r t h i s love of nature i n the p u p i l , and, at the 
outset, t h i s brings c o n f l i c t w i t h at l e a s t two types 
of people. The one believes i n a l l teaching from the 
standpoint of cash value only. The other does not 
believe i n , or a t l e a s t minimises, t h i s c u l t i v a t i o n of a 
•love of nature* as a means of mental d i s c i p l i n e . The 
f i r s t never r e a l i s e s the t r u t h of what has already been 
said, namely, t h a t nature h e r s e l f does not deal out her 
secrets from the *cash value' p o i n t of view, but demands 
st e r n s e l f - s a c r i f i c e and a p p l i c a t i o n of mental powers 
e n t i r e l y f r e e from any motives other than those of the 
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quest f o r knowledge. Therein l i e s , a lso, the answer 
to the second type of c r i t i c . 

I f t h e r e f o r e , we accept t h i s *love of nature* as the 
foundation-stone i n our edifice , how do we propose to 
set about a t t a i n i n g t h i s aim? By ignoring the p u p i l ' s 
n a t u r a l tendency? or by making use of i t and b u i l d i n g 
slowly and surely upon i t ? The answer i s obvious. The 
everyday l i f e s of plants and animals, t h e i r mysteries 
and beauties, the majesty of the universe - these form 
the golden key which w i l l , i n the f i r s t place, unlock the 
young mind. 

The Neglect of Biology. 
From a consideration of the very obvious t r u t h s of 

the foregoing arguments we are j u s t i f i e d i n expecting 
the teaching of Biology i n ou^ i n s t i t u t i o n s , to-day, to 
occupy a very prominent p o s i t i o n - to have a s t a t u s , at 
l e a s t equal to t h a t accorded any other Science, so as to 
b r i n g the teaching of a l l the Sciences i n t o one whole. 
This would seem to be the only way t o b u i l d up t r u e 
s c i e n t i f i c knowledge and method. Any other way, one 
would imagine, would be analogous to b u i l d i n g upon sand. 

Tet, even as l a t e as 1917, we f i n d from Reports 
published by the B r i t i s h Association Committee on Science-
teaching and by a Committee set up by the Board of Educa
t i o n t o enquire i n t o the p o s i t i o n of Natural Science i n 
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the Educational system, that "among State-aided Secondary 
Schools, only a few teach Biology and then only as 
•Nature Study* to those under the age of twelve." 
Presumably t h i s meant t h a t Biology was not taken s e r i o u s l y 
as a Science, but as a general subject which the Committee 
chose to c a l l 'Nature Study*. From t h i s age onwqrds 
Science meant nothing but Physics and Chemistry. I n 
Public Schools things were a l i t t l e b e t t e r , but here 
again, Science as a whole, broadly speaking, s t i l l 
occupied a subsidiary p o s i t i o n - was s t i l l i n c l i n e d t o 
be looked upon as the Cindereila of the f a m i l y of subjects. 

This neglect o f Biology - very obvious as r e c e n t l y 
as 1917 - was a neglect of one of the fundamental 
expressions o f the S c i e n t i f i c l i f e . To ignore t h i s 
Science was t o walk about h a l f - b l i n d l y i n the realms 
of S c i e n t i f i c thought and to refuse t o pay a t t e n t i o n t o 
one of the greatest influences on modern thought, i n d i v i d 
u a l happiness, and s o c i a l well-being. 

Tarious reasons have contributed to the avoidance 
of Biology i n the past,amongst them being -
(1) The dearth of t r a i n e d teachers. Few have taken 

the subject w i t h a view to teaching i t . 
(8) Lack of the o f f e r of a l i v e l i h o o d from i t . 

The one reason f o l l o w s from the other and we get 
t h a t very dangerous s i t u a t i o n when Biology was not taught 
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because of lack of teachers and there were no teachers 
due to the lack of f a c i l i t i e s i n the teaching of the 
subject. With the i n t r o d u c t i o n of Biology as a regular 
school subject t h i s c o n d i t i o n w i l l g radually disappear. 

I t has been d i f f e r e n t i n the case of Chemistry and 
Physics; the u t i l i t a r i a n value has played a leading 
part and there has been no lack of e i t h e r teachers or 
p u p i l s . 

Chemistry and Physics are b e t t e r from the po i n t of 
view of t r a i n i n g the p u p i l i n experimental methods and 
exact reasoning, but f o r quickening powers of observation 
and f o r general education Biology surpasses them. 

Biology i s unique i n t h a t i t deals w i t h l i v i n g 
m a t e r i a l (though a good deal of work i s s t i l l done w i t h 
dead m a t e r i a l - a p r a c t i c e h a r d l y j u s t i f i a b l e ) . Physics 
i s a b e t t e r Science f o r clear cut data and f o r mathematical 
expression of g e n e r a l i s a t i o n s , and Chemistry f o r reasoning 
leading to c r u c i a l experiment. I n Physics we get quick 
a c t i v i t y and quick r e s u l t s w i t h a ready a p p l i c a t i o n together 
w i t h an easy understanding of purpose. This i s t r u e , more 
or l e s s , of Chemistry. On the other hand, Biology r e s u l t s 
are o f t e n delayed and are sometimes v a r i a b l e . L i v i n g 
processes take time, and sustained i n t e r e s t and a t t e n t i o n 
are required. There i s not the same d i r e c t appeal i n 

This 
the purpose. Skt presents a d i f f i c u l t y , but i f t r e a t e d 
properly i t also a f f o r d s a very systematic and 

permanent 
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t r a i n i l i g of observation and thought, and hence i t has 
a very p o s i t i v e value. For instance, we have had 
experience of a T I t h Form boy observing and measuring 
the heart-beat i n a dead dissected f r o g , bontinuing 
the observations methodically at i n t e r v a l s a l l day and 
w e l l i n t o the n i g h t af64rtai school hours, and then 
coming back an hour before the school s t a r t e d the 
f o l l o w i n g morning i n order to miss as l i t t l e as possible. 
This boy was able to draw out a table on h i s observations, 
and t o graph h i s r e s u l t s , which have d e f i n i t e value. 
(See c h a r t ) . 

I n the years subsequent to the Reports mentioned, 
there has been some attempt t o remedy matters and t o 
assign to Biology some of the a t t e n t i o n due to i t - a 
notable example being the 'push* made to encourage the 
teaching of the subject by S i r Charles Grant Robertson 
and other members of the B r i t i s h Social Hygiene Council, 
during the l a s t few years - a move in s p i r e d mainly by 
the lack of t r a i n e d b i o l o g i s t s . 

Reasons f o r the Slow I n t r o d u c t i o n 
of Biology. 

S t i l l , things move slowly i n education and t r a d i t i o n 
dies hard, so that the r e a l i s a t i o n of the importance of 
the subject to-day, although i n f i n i t e l y higher than i t 
was twenty years ago, nevertheless, f a l l s f a r short o f 
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What i t should be. This i s p a r t l y due t o the lack of 
• p l a s t i c i t y * i n our educational system, as witness the 
case of the i n t r o d u c t i o n of any *new* subject - i t takes 
f a r too long to e s t a b l i s h i t s e l f . I t i s p a r t l y due, 
also, t o the a t t i t u d e adopted by educators of a l l types, 
very o f t e n , and by p u p i l s , tewui'da, towards any novel 
idea. The 'novel* stage i s apt t o be prolonged i n d e f i n i t e 
l y , and there comes a sheer i n a b i l i t y t o get down t o the 
r e a l nature of the subject and t o fathom i t s >rue value. 
I t i s only when novelty ceases t h a t r e a l i n t e r e s t begins. 

The subject too, being i n i t s infancy as regards 
the curriculum, s u f f e r s from the lack of an organised 
scheme and not t i l l there i s 'Unity of Scheme* i n t e r p o l a t e d 
i n t o a 'wide scope of p l a s t i c i t y * can we hope t o have the 
subject w e l l grounded. The period of 'pioneering* must, 
of necessity, be tedious and experimental, and i t i s only 
by combined a c t i o n and a sympathetic appreciation by 
public and | t i t h o r i t y a l i k e , t h a t the ground w i l l be f i n a l l y 
f l e e r e d , and the l i g h t of day, w i t h i t s s t a b i l i s i n g and 
v i t a l i s i n g i n f l u e n c e , be allowed to peep through. 

ISekeA the l e a s t embarrassing f a c t o r i s the depreciat
i n g a t t i t u d e adopted by some persons, towards the work 
of a l l pioneers, and, we may add also, somewhat r e l u c t a n t l y 
perhaps, t h a t there does e x i s t some amount of pr o f e s s i o n a l 
jealousy on the pa r t of seme members of the profession -
they are apt to t h i n k e x c l u s i v e l y i n t h e i r own sphere. 
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and thereby, tend to ̂ u t out (or s l i g h t ) any influence 
besides t h a t of t h e i r own subject. 

I f , and when, we a r r i v e a t a time, when the 
teaching profession (namely, a l l who deal w i t h eduaation 
as an organisation) i s s o l i d , u n i t e d , and possessed of a 
supreme duty, one towards another, and to i d e a l s , then 
progress w i l l be made and every innovation w i l l be given 
i t s proper chance to play i t s p a r t i n educating and human
i z i n g mankind. 

I t may be noted i n passing, also, t h a t there can be 
no doubt t u t t h a t the question of b u i l d i n g and equipping 
new l a b o r a t o r i e s i s also r e t a r d i n g the progress of the 
Science. I t seems, however, a weak excuse when far-reaching 
e f f e c t s are at stake. 

Drawbacks of Biology teaching 
up to the present. 

Biology, t o be of r e a l value and to become a force 
i n education, must be taught t h r o u ^ o u t the school. Thus 
and thus only, can i t become t r u l y established and leave 
i t s l a s t i n g e f f e c t s on the l i f e of the c i t i z e n - t o - b e . 
At present the tendency i s (very obviously) to assign 
to the subject a sor t of subsidiary and a u x i l i a r y p o s i t i o n . 
Ppp instance, i n many schools i t i s taught to the lowest 
Forms, merely t o s a t i s f y the c i t r i o s i t y of the c h i l d , and 
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w i t h , apparently, no f u r t h e r aim. I t i s considered a 
u s e f u l subject t o d i v e r t the a t t e n t i o n of the p u p i l f o r 
a b r i e f space from the more r i g i d , serious, subjects; by i t s 
appeal to h i s p l a y - i n s t i n c t , and t h i s l a c k of seriousness 
and thoroughness i s enhanced by the f a c t t h a t a non-
s p e c i a l i s t teacher (who may be a s p e c i a l i s t i n other 
subjects) i s considered good enough to undertake the 
work. This a t t i t u d e i s detrimental - p a r t i c u l a r l y so at 
th a t stage i n the p u p i l ' s career - t o the growth of the 
r e a l s c i e n t i f i c l i f e and method (which demands st e r n 
observation and s t r i c k accuracy of thought). I n other 
schools i t i s taught t o lower and middle school Forms, 
and then at the c r i t i c a l stage i n the development of the 
subject, i t i s discontinued, p a r t l y because the other 
subjects are considered - judging by o l d standards - more 
important, and p a r t l y because the teacher i s required f o r 
other work. Again i n some schools i t i s taught only to 
would-b© medical students. I n few schools - comparative
l y speaking - i s the subject taught throughout the School 
(e.g. Dudley Grammar School) and i t i s i n such a case 
only t h a t the science can be made to influence a p u p i l ' s 
l i f e f o r pearmanent good. Then and then only can he 
aoquite enough of the s p i r i t of the science and of i t s 
teaching to be able to t h i n k b i o l o g i c a l l y or have the 
b i o l o g i c a l outlook on l i f e , which i s the v i t a l p o i n t 
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as f a r as the science i s concerned, and, we maintain, 
as f a r as true education i s concerned. 

While t h i s tendency l a s t s , t h e r e f o r e , i t w i l l be 
ser i o u s l y handicapped and no permanent r e s u l t s can be look
ed f o r . As long as educators look upon i t as a subject 
of which a smattering i s us e f u l but not e s s e n t i a l , so 
long w i l l the t r a i n i n g and knowledge derived from the 
subject tend to remain s u p e r f i c i a l and those who advocate 
i t f i g h t a needless f i g h t . So long, too, w i l l the 
products of our educational system be denied the undeniable 
b e n e f i t s which the subject can bestow. 

These b e n e f i t s are many - among them being -
(1) I t i s associated w i t h our food supply. 
(2) , I t helps us i n the struggle f o r Existence. 
(3) I t helps us to conquer disease and promote h e a l t h . 
(4) I t has a c u l t u r a l value. 
(5) I t teaches us the i n t e r - r e l a t i o n s h i p of a l l l i v i n g 

t h i n g s • 
(6) I t gives us the idea of the wonders of the Universe 

and thereby helps us to imderstand and to love God. 
I t i s only when serious a t t e n t i o n i s turned to i t 

t h a t we can hope f o r deep r e s u l t s . The end seems to be 
somewhat agreed upon, but, strangely eno\igh, the means 
are l e f t to themselves. 
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Biology teaching up t o now has been too much l i n k e d 
up w i t h the t r a i n i n g of p u p i l s f o r the medical profession. 
I t has meant mere t e c h n i c a l t r a i n i n g applied t o the few. 
Moreover i t i s a most uneducational, i f nbt dangerous 
method. Pupils who up t o t h i s stage have been deprived 
of a l l opportunity of becoming biologically-minded are 
suddenly thrown i n t o the throes of a new subject w i t h 
i t s separate method and technique (and we maintain -
what i s perhaps^realised - t h a t Biology, w h i l s t conforming 
i n general p r i n c i p l e s w i t h the other sciences as regards 
the s c i e n t i f i c method i n general - must of necessity 
possess a method of approach and of t r a i n i n g e n t i r e l y i t s 
own; e.g# the l a b o r a t o r y technique i n s e c t i o n - c u t t i n g 
and kJtCLture* work i n bacteriology and p i i a i t pathology). 
Under such circumstances these f u t u r e members of the 
medical profession are very s e r i o u s l y handicapped and i t 
i s small wonder that many of them f a i l e n t i r e l y to acquire 
even a tkkT measure of the broad b i o l o g i c a l s p i r i t which 
should form the background of a l l t h e i r p r ofessional and 
so c i a l work. I t i s indeed a wonder t h a t many o f them 
do manage to become something akin t o true b i o l o g i s t s . 
The aim must be to bring w i t h i n the reach of the many 
the general culture-value of the subject. 



27. 

J u s t i f i c a t i o n f o r I n t r o d u c t i o n 
of Biology. 

The problems w i t h which Biology deals face us every
where i n our d a i l y l i f e and i t i s therefore hard to 
understand why there has been such apathy and reluctance 
i n connection w i t h i t . Besides i t i s becoming u n i v e r s a l l y 
recognised t h a t i t i s v i t a l f o r every c h i l d to l e a r n 
about the fundamentals of h i s own body and mind and t h a t 
the h e a l t h of the nations and of the whole world, 
p h y s i c a l l y and morally, depends on t h i v . I n a compre
hensive Biology Course the study of the system i n the 
mammal culminating i n the nervous system, the b r a i n and 
the mind i n man, the study of ba c t e r i a and disease, and 
the u n i v e r s a l a p p l i c a t i o n of t h i s ( l i k e a l l Science study) 
throughout the world, should occupy a prominent p o s i t i o n . 
This i s calculated t o o f f e r to the p u p i l the basis of a 
healthy body and mind, and t o suggest to him important 
laws of h e a l t h , besides c u l t i v a t i n g i n him the idea t h a t 
•natural laws' are common t o a l l countries and a l l 

n a t i o n a l i t i e s . 
Biology w e l l taught, o f f e r s exceptional opportunity 

f o r s t i m u l a t i n g the i n q u i s i t i v e , and d i r e c t i n g the 
observational, mind of the p u p i l , not only during school 
hours but i n spare time^and t h i s can give r i s e t o many 
i n t e l l e c t u a l hobbies which continue to i n s p i r e , and t o 
guide the reserve energy of the grown-up a l l h i s l i f e . 
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For instance we have experience of boys who i n school 
were encouraged t o keep pets such as dogs, r a b b i t s , poultry^ 
t o r t o i s e s , sheep, and t a k i n g a l i k i n g t o c o l l e c t i n g w i l d 
p l a n t s , or gardening, forming a h a b i t which has remained 
w i t h them to i n t e r e s t them i n a f t e r l i f e and to be a source 
of extreme pleasure to them. Besides t h i s hobby has 
helped them to keep body and mind healthy. I s any f u r t h e r 
j u s t i f i c a t i o n f o r the subject necessary? 

The Essence o f Biology Teaching. 
I t has been s i i d t h a t a l l Science teaching should 

aim at g i v i n g , not the conceit of knowledge, but an 
i n t e l l e c t u a l h u m i l i t y t h a t recognises t h a t a l l we can know 
and do does but open up f r e s h horizons of the l i m i t l e s s 
unknown. Since Biology i s so i n t i m a t e l y connected w i t h 
everyday actions and environment, th a t i s w i t h " a l l we 
do and see" what b e t t e r way can there be of reaching out 
towards the t r u t h of the statement than by teaching Biology 
and f o s t e r i n g i n t e r e s t i n i t . 

The teacher of Biology must be equal i n t r a i n i n g t o 
any other s p e c i a l i s t , and h i s knowledge as exact. This 
i s one t h i n g t h a t i s going t o help to give t o Biology 
the r e a l l y serious a t t e n t i o n t h a t i s due t o i t , but what 
i s going to help more i n t h i s d i r e c t i o n i s t h a t he must 
also be a l i v e - h i s mind a c t u a l l y p u l s a t i n g along w i t h 
t h a t of Nature^ttfself - and t h i s q u a l i t y need not 
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necessarily be^resent i n any other expert, say, a 
mathematician. Ihren another S c i e n t i s t - a p h y c i s i s t 
or a Chemist f o r instance, i s not so i n t i m a t e l y connected 
w i t h l i v i n g things and therefore does not partake of 
nature to the same extent. 

Music w i l l not produce musicians, but i t can 
produce a love of music - th a t i s , music-culture. So 
nature-study i s not designed t o produce n a t u r a l i s t s (very 
rare creatures, i n f a c t - as rare as musicians or any 
other bom geniuses) but i t can and should help to create 
t h a t enriching q u a l i t y c a l l e d nature-culture or a love of 
nature. 

How t h i s can best be achieved w i l l be dealt w i t h 
l a t e r i n t h i s Paper, but a few broad h i n t s can be given 
here. 

One d e f i n i t i o n o f Education says - " i t i s the process 
which aims at the adjustments of the growing organism to 
h i s environment and the c o n t r o l of conditions by under
standing them." I f the d e f i n i t i o n was based upon 
Biology teaching only i t could not have been more 
appropriate. I t sounds as i f Biology teaching was at 
the r o o t of a l l t r u e education. Certain c h a r a c t e r i s t i c s 
of the c h i l d must be borne i n mind i n f o r m u l a t i n g any 
sbhemes of teaching i n order to make t h i s teaching conform 
w i t h the aim and essence of the above d e f i n i t i o n . 
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Some of these are -
(1) Intense i n t e r e s t , i n the younger c h i l d , at any r a t e . 
(8) Great mental and b o d i l y a c t i v i t y which makes i t 

hard f o r the young t o concentrate f o r a prolonged 
period. 

(3) T i v i d imagination and strong emotion, which make 
f o r ̂ astijconclusions. 

(4) The gradual changing of the i n t e r e s t to t h a t of 
i n t e l l e c t u a l i n t e r e s t . 

This makes i t imperative f o r the teacher t o have 
• p l a s t i c i t y ' i n h i s methods of treatment o f the subject -
a p l a s t i c i t y which w i l l meet these changing conditions, 
and the changing mental outlook of the p u p i l . I n short 
he must be possessed o f , or else endeavour t o acquire, 
some of t h a t dynamic energy of N a t u r e j ^ s e l f . The teaching 
i n the schools must be progressively adapted to phases of 
growth and i n t e r e s t , and be observational and concrete. 

A claim i s put forward i n t h i s Thesis tha t the 
teaching should also be on h i s t o r i c a l l i n e s . 

I t must aim at preparing youth f o r the r e s p o n s i b i l i t i e s 
of manhood and womanhood. I t i s hard, indeed, to f i n d 
a subject b e t t e r s u i t e d f o r these purposes. 
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Summary. 
To sum up the r e f o r e , we maintain t h a t every p u p i l 

should receive the quota of B i o l o g i c a l teaching th a t i s 
assigned t o any other p r i n c i p a l subject. I t should be 
as important i n the Upper School as i n the Lower and even 
those t a k i n g the Advanced Course i n Art s i n School, l e t 
sdone a l l Science students, should be given a c e r t a i n 
d e f i n i t e course i n the subject j u s t as Advanced Biology 
Students and a l l Science Students i n general should have 
an Arts subject on t h e i r time-table. This i s the only 
means of ensuring t h a t e i t h e r class of Students does not 
become one-sided - a tendency which i s o f t e n very obvious. 

L i f e i s one and knowledge i s one, and every p u p i l 
should be l e d to r e a l i s e t h i s great t r u t h . By t h i s means, 
and t h i s only, w i l l an attempt 1)6 made to b r i n g harmony 
i n t o the l i v e s , which are supposed to be moulded i n our 
schools. 



P A R T I I I . 
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PART I I I . 

The H i s t o r i c a l Outlook i n Biology teaching. 

The r a p i d advance of knowledge has necessitated 
the sub-division of Science i n t o separate branches. 
This f a c i l i t a t e s work, but has the tendency to 
* i s o l a t e * these branches and to cut them away from 
the t r e e of thought. This, i f continued, w i l l a l i e n a t e 
the general i n t e r e s t e d student more and more and i n 
the end make Science, as a whole, so specialised and 
technical t h a t i t w i l l become the sphere of the few, 
and thus f a i l to enlighten the world i n general. 

There i s a v i t a l need, t h e r e f o r e , f o r supplying 
the complete p i c t u r e as i t progresses - a p i c t u r e of 
s c i e n t i f i c knowledge as a whole - and t h i s p i c t u r e 
must be drawn i n such a way as to impress the general 
reader and make him i n t e r e s t e d . I t i s not an easy 
task as the es s e n t i a l element of S c i e n t i f i c thought -
c o n t i n u i t y - must be ever present. 

The use of the h i s t o r i c a l method i n Science-
teaching seems to be the f i r s t e s s e n t i a l step i n the 
process. The path along which S c i e n t i f i c thought 
has t r a v e l l e d throughout the ages seems to be a way 
of connecting the whole. This method i s , a c t u a l l y , 
present^more often than not, unconsciously, t o the 
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teacher himself. Discussion of conclusions and 
theories must, perforce, involve discussion of the 
way by which they have been a r r i v e d a t . This i s 
h i s t o r y and must be taken i n t o account by the man 
of Science, both from the p o i n t of view of h i s own 
t r a i n i n g and from t h a t of h i s teaching of l i i s subject. 
As S c i e n t i f i c knowledge increases s c i e n t i f i c problems 
also increase, and t h i s brings about S p e c i a l i s a t i o n 
which tends t o div i d e Science i n t o w a t e r - t i g h t com
partments. Under t h i s system Science i s apt to 
break away from h i s t o r y - by loss of th a t c o n t i n u i t y 
of thought - and t h i s becomes detrimental t o i t s tru e 
development, since a l l new knowledge must take i n t o 
account c o n t i n u i t y of process. We must endeavour to 
penetrate the darkness of the unknown by making use 
of, not a p f ^ t o f , but the whole circumference of the 
c i r c l e of l i g h t bordering upon i t ; j u s t as man uses 
the whole range of l i g h t given o f f by h i s l a n t e r n 
on a dark n i g h t . 

Knowledge i s one and Science i s one, and t h i s 
i n i t s e l f implies a h i s t o r i c a l continuous thread 
throughout the ages. We must therefore trace a l l 
knowledge and i t s development, from the main stock. 

The h i s t o r i c a l method, ttoerefore, seems to be 

the only tru e basis f o r the a c q u i s i t i o n of s c i e n t i f i c 
knowledge and the presentation of that knowledge 
( i n the teaching of it)» I t must also u n d e r l i e 
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any account of Science or of a Science separately -
and upon t h i s basis a l l else must be b u i l t up. 
His t o r y - I n i t i a l Importance of B i o l o g i c a l Studies -

Separation of Science i n t o departments. 
Re-union and Biology»s p a r t i n i t . 

The spheres of Science are so vast t h a t f o r the 
sake of convenience i t s whole study must be s p l i t 
up i n t o departments, i n each of which there i s an 
attempt to reach new discoveries. Thus we get the 
study of the planets and the universe - c a l l e d Astronomy 
th a t of our own planet, i t s s t r u c t u r e and i t s own s t o r y 
t o l d i n the language of rocks - c a l l e d Geology, t h a t 
of l i g h t , sound and e l e c t r i c i t y - c a l l e d Physics, t h a t 
of the inti m a t e c o n s t i t u t i o n of substances - c a l l e d 
Chemistry, and that of l i f e on t h i s planet - pla n t s 
and animals and how they l i v e - Biology. 

Within these d i v i s i o n s we again f i n d sub-divisions; 
each i s f a s t s p l i t t i n g up i n t o sub-sections, each one 
of which i n i t s t u r n centres round s p e c i a l i s a t i o n of 
some one t o p i c . This i s the state of things i n 
Science i n t h i s t w e n t i e t h century, and i t i s the 
r e s u l t of the accumulation of knowledge throughout 
the ages - bought dearly by the s a c r i f i c e of u n s e l f i s h 
men and women - and of the gradual e f f e c t of t h i s 
gorwing knowledge on every-day l i f e , and i t s 
consequent ijlportance. The wotld has l e a r n t t o 
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respeedy amd even t o hold I n awe, th a t iidiich i t once 
t r i f l e d w i t h , o» at l e a s t played w i t h , and t h i s growing 
consciousness of the value of Science as a whole i s 
f a s t becoming evident with regard to Biology i n p a y t l c u l a r . 
I t i s the ̂ p l i c a t i o n of discoveries rather than the 
discoveries themselves which has brought t h i s about, 
by the bearing of these discoveries on the conduct of 
l i f e and e s p e c i a l l y by the tremendous p a r t they have 
p3ayed i n p r a c t i c a l l i f e # 

The h i s t o r y of Biology - one of the newer branches 
of Science, from the p o i n t of view of p u b l i c a t t e n t i o n 
though one of the oldest i n p o i n t of time - has fo l l o w e d 
the same l i n e s . I t i s only whaa the p r a c t i c a l 
a p p l i c a t i o n of b i o l o g i c a l studies became a f a c t and a 
very essential f a c t o r i n t h e everyday l i v e s of men and 
women of a l l nations t h a t Biology as a Science became 
important from the p o i n t of view of education, Hlfhen 
the world r e a l i s e d that the Science was the handmaiden 
of the Goddess of Health, and as such was of v i t a l 
inqportance t o every human being, the world welcomed 
her as a serious guest. This i s also the keynote i n 
education, n a t i o n a l and i n t e r n a t i o n a l , a t the present time, 
but the process of educating the world i s a slow one -
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the educationist thinks and speaks i n periods, not i n 
years - something s i m i l a r t o Tiifiiat the Geologist does. 
Yet, i l l i s process - the gradual r e a l i s a t i o n of the 
seriousness of B i o l o g i c a l Study, j u s t l i k e the p a r a l l e l 
process I n Science i n general, i ^ i i c h preceded i t - was 
and i s , i n e v i t a b l e . Biology, as now proved, and at 
l a s t slowly r e a l i s e d i s a t the bottom of our well-being 
as i n d i v i d u a l s , as nations, and as a race. The b a t t l e 
with disease, the constant problem of the world's food 
supply, medical and surg i c a l research, are now considered 
t o be the very background of s o c i a l , morel, and economic 
l i f e . Hence t h i s h i s t o r i c a l process i n every phase of 
l i f e and knowledge of l i f e ) i s p r a c t i c a l l y one - and I t 
underlies the whole of l i f e ' s a c t i v i t i e s . 

I n s p i t e cf t h i s extreme " s p e c l f l l i s a t L o n " i ^ i c h 
f o l l o w s the s p l i t t i n g of Science i n t o departments - a 
step which was i n e v i t a b l e owing to the advance of 
knowledge, there i s , at the same time, a t the present day, 
a tendency towards the reverse of t h i s - the blending of 
two or more of these departments i n t o one. Thus we get 
the B i o l o g i s t and the Chemist meeting and pooling t h e i r 
knowledge on the common ground of Bio-Chemistry. 
Physics and Chemistry, l i k e w i s e , meet i n Physical 
Chemistry, and Geologists now take great heed of Physics 
i n t h e i r study of the earth. 
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As s c i e n t i f i c knowledge grew to vast dimensions 
the more r a p i d l y along i n d i v i d u a l streams of spe c i a l 
i s a t i o n , t h i s very s p e c i a l i s a t i o n needed specialised 
knowledge which must include knowledge from other 
branches. Knowledge i s one, and l i f e i s one, and 
any s p e c i a l i s a t i o n i n one branch must have * common 
knowledge* f o r i t s foundation. Science having reached 
the high standard i t has, the s p e c i a l i s t - p h y s i c i s t 
cannot advance f a r without some knowledge of what h i s 
f e l l o w - s c i e n t i s t - c h e m i s t i s doing, neither*can the 
s p e c i a l i s t - b i o l o g i s t advance without, f o r instance, 
knowing something of what h i s f e l l o w - p h y s i c i s t i s doing 
i n the realms of the c o n s t i t u t i o n of matter. The web 

i s so i n t r i c a t e - each thread plays such an important 
the 

p a r t in/making of the f i n a l p a t t e r n , t h a t , i f a l l the 
threads are not considered and studied then i t i s easy 
to lose the way completely i n the tangle. 

The h i s t o r y of Science has been l i k e n e d t o the 
sto r y of a bud. I n the Autumn i t l i e s wrapped up i n i t s 
coat of scales, the young leaves and axis are a l l there 
i n the miniature. Winter f o l l o w s - a period of r e s t and 
dormancy. Spring sees the opening of the bud and the 
emergence of the shoot. I n Summer there i s f a s t growth 

four 
of a l l p a r t s and new buds form on the a x i s . These tmxm. 
stages can he traced i n the h i s t o r y of Science. The 
bud-stage was the time of the Ancient Greeks, the 
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Winter stage - the Middle Ages - over a thousand 
years - the buds being preserved, however, by the Arab 
t r i b e s . Spring a r r i v e d w i t h the new l i f e i n Science 
which s t a r t e d w i t h Roger Bacon. The young shoots 
dared the danger surrounding them ( i n the form of d i r e c t 
and i n d i r e c t antagonism) and emerged under the care of 
Galileo and Newton. The expanded branch appeared i n 
i t s fulness i n the time of Faraday and Darwin. 

For the f u t u r e buds there seems l i t t l e hope of 
sleep. The tree i s growing so f a s t - new buds appear 
everywhere i n the a x i l s of the old leaves, and each 
new branch adds t o the s;^ndo\ir and majesty of the t r e e , 
each i n i t s t u r n ( g i v i n g energy from the main t r u n i . 

The s t o r y of Science i s also s i m i l a r to t h a t of a 
stream which s t a r t s from a t i n y 'spring' on the mountain
side, gradually gaining strength as i t gets fed by small 
t r i b u t a r i e s which grow i n number as they empty t h e i r 
c o n t r i b u t i o n from the surrounding area i n t o i t , u n t i l , 
at l a s t , i t has grown to g i g a n t i c dimensions and, i n i t s 
t u r n , empties i t s contents i n t o the common store - the 
mighty ocean. The t i n y 'spring' was the f i r s t serious 
attempt of the ancient philoaphers at probing i n t o the 
secrets of Nature. The stream has grown u n t i l to-day -
w i t h i t s great number of t r i b u t a r i e s , each d r a i n i n g 
the area i n which i t f i n d s i t s e l f , and emptying i t s 
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contents i n t o the main stream - i t i s sweeping down 
the p l a i n s of human l i f e , w i t h a mighty f o r c e , w i i t h e r ? 
No one knows. The nature and volume of the waters i n 
the stream, n a t u r a l l y , depend upon those of the waters 
i n the t r i b u t a r i e s , iiinereas they, i n t h e i r t u r n , get t h e i r 
bearing and d i r e c t i o n from the course of the b i g stream 
i t s e l f . 

So i t i s i n Science. Each branch contributes f a s t 
to the common stock of knowledge. Each, i n i t s t u r n , 
derives i t s bearing and impetus from the sum-total of the 
nature and contents of the main stream of S c i e n t i f i c 

tho\ight. 
We have, th e r e f o r e , the h i s t o r i c a l process underlying 

l i f e , and a l l knowledge appertaining to i t , and from t h i s 
process must arise the h i s t o r i c a l method of presenting 
t h i s knowledge. 
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A Ifebhod of Approach i n Biology Teaching. 

The H i s t o r i c a l Method - The Evolutionary Method. 

Biology, at the present time, being a comparatively 
new subject i n the school curriculum, i s apt to be taught 
somewhat haphazardly, very o f t e n by experts i n other 
subjects and non-experts i n the subject i t s e l f . This 
n a t u r a l l y leads to a d i v e r s i t y of methods and of purpose, 
and i t beosunes a case of muddling through somehow. 

There i s , th e r e f o r e , a very great need of a standard 
method of teaching the subject, the basic p r i n c i p l e 
i i n d e r l y i n g which method w i l l serve as a guide f o r the 
young teacher. The word 'guide' i s used advisedly, as 
i n Biology of a l l subjects one must not adhere too 
c l o s e l y to a f i x e d way of approach to the subject. 



41 

I n the f i r s t place, i n dealing w i t h the subject one must 
f o l l o w the d i c t a t e s of Nature h e r s e l f and the true 
teacher of Biology i s e s s e n t i a l l y f i r s t and foremost a 
nature-lover, and hence h i s teaching must pulsate w i t h l i f e -
i t cannot be regulated too much by mechanical means since 
i t deals w i t h l i v i n g things and must, t h e r e f o r e , be i t s e l f 
a l i v e i n the sense that i t must be guided by nature -
her seasonal changes, her rhythm, her v a r i a t i o n s and 
yet her constancy. 

Evolution underlies the whole of Nature and l i f e , and 
we put forward the suggestion th a t the best method of 
teaching the p u p i l about l i v i n g things and l i f e i n general 
iw what we choose t o c a l l the h i s t o r i c a l or evolutionary 
method and we propose to deal w i t h ways by which t h i s 
Method can be evolved and standardised so that i t can 
be put t o a permanent use i n the teaching of the subject. 
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D i f f e r e n t Aspects of the H i s t o r i c a l Method. 

Many possible l i n e s of approach to the question 
suggest themselves when we make the f i r s t attempt at 
producing a s a t i s f a c t o r y method on the basis mentioned. 
Some of these are:-
1. A b r i e f o u t l i n e of the h i s t o r y of Biology as a 

Science - the sequence of events and discoveries 
throughout the ages. 

2. The arrangement of to p i c s i n the Syllabus i n an 
evolutionary order, or i n sequence. 

3. The b u i l d i n g up of knowledge on a topic by the 
discussion of the great work done by the pioneers 
i n the past - progress as r e g i s t e r e d by t h e i r 
struggles and achievements. 

4. The story of the topic as the knowledge of i t has 
been gradually increased as time went on. 

5. The l i f e - h i s t o r y of s e l f - e v o l u t i o n of a pl a n t or 
animal mentioned i n the topi c and i t s r e l a t i o n 
to the greater whole - Nature. 

6. The a p p l i c a t i o n of t h i s idea of evolu t i o n (as 
exemplified i n the law of b e t t e r i n g ) to the p u p i l ' s 
own mind - Psychology. 
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We w i l l deal w i t h these Aspects separately:-

This Method of Survey i n the Teaching of the Science. 
Aspect 1. 

A very b r i e f o u t l i n e of the h i s t o r y of Biology 
as a Science - i . e . sequence of events i n b i o l o g i c a l 
discoveries throughout the ages. 

A lesson or two taken on t h i s at the "beginning of 
each year i n each Form w i l l a f f o r d background f o r the 
H i s t o r i c a l Method as o u t l i n e d i n the other aspects. I t 
w i l l prepare the ground f o r the i n t r o d u c t i o n and the 
development of the Method, by g i v i n g a bird*s-eye view 
of Biology. 

I t w i l l also create i n t e r e s t i n and a keenness f o r the 
course th a t i s to f o l l o w f o r the year. 
Aspect 8. 

Topics are arranged i n the Syllabus from the point 
of view of Seasonal Sequence, i . e . Nature's Seasonal 
Evolution. 

The idea underlying t h i s treatment i s t h a t the s*ory 
of each t o p i c should lead on to the next i n sequence, t ^ i i 
t i c own s t o r y , f o l l o w i n g on to the l a r g e r whole, f i n a l l y 
a r r i v i n g atAfathar^comprehensive otery of Naturo^o own 
Seasonal s t o r y of her own r e v e l a t i o n . 

Most of the remarks made imder Aspect 5 apply here. 
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Aspect 3. 
I n any given topic from the Syllabus the lesson or 

period i s centred round p e r s o n a l i t i e s (pioneers) and 
knowledge i s b u i l t up b i t by b i t through the medium of 
t h e i r t r i a l s , e r r o r s , and perseverance. 

The p u p i l ' s mind i s d i r e c t e d more t o the pe r s o a a l i t y 
than t o the subject-matter which becomes secondary i n 
importance, i n h i s mind (the p u p i l ' s ) to the great force 
of i n t e l l e c t , and the concentration displayed by the pioneer 
discussed. This makes f o r hero-worship of the best kind 
and tends t o create a desire i n the p u p i l to t r y and emulate 
Such a tendency tends t o increase h i s own powers of concen
t r a t i o n and of observation, and thus c u l t i v a t e s the h a b i t 
of c a r e f u l and sustained observation - the es s e n t i a l 
q u a l i t y a s c i e n t i f i c education aims at developing. 
Aspect 4* 

I n any given t o p i c the lesson i s centred round 
the e v o l u t i o n of the knowledge gained on the t o p i c , the 
pioneers involved being brought i n , i n c i d e n t a l l y . 

The p u p i l ' s mind i s d i r e c t e d to the advance of know
ledge - the advance of t r u t h f o r tiruth's sake. The 
subject-matter becomes the centre of i n t e r e s t and the 
story of the t o p i c , r a t h e r than those who worked on i t , 

» 

i s concentrated upon. We thus get a d e t a i l e d survey of 
the e v o l u t i o n of knowledge gained on the t o p i c . 
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The a t t e n t i o n i s guided on t o the help given "by t h i s 
advance of knowledge t o the progress of the hviman race 
and to general progress, whereas i n Aspect a S . the 
a t t e n t i o n i s drawn t o the e f f e c t of the Struggle by which 
t h i s knowledge WQS gained. I n both Aspects - the idea 
of e v o l u t i o n i n everything underlies the teaching, and 
t h i s idea, i n time, p o i n t s a way t o the p u p i l as to how 
he can b e t t e r himself. 
Aspect 5> 

A t o p i c i s dealt w i t h from the J o i n t of view of Nature 
The l i f e - s t o r y of the organism - p l a n t or animal - becomes 
the p i v o t on which the whole lesson turns. How the organ
ism l i v e s i t s l i f e i n r e l a t i o n t o i t s surroundings, how 
i t endeavours to overcome i t s d i f f i c u l t i e s , and adapt 
i t s e l f i n r e l a t i o n to other o r g a n i s m s d i s c u s s e d and con
centrated upon,and the whole s t o r y , i n each case, i s 
placed i n i t s true perspective as regards Nature i n 
general• 

The p u p i l i n time gets hold of a series of p i c t u r e s 
of separate topics each i n i t s true r e l a t i o n to the 
bi g p i c t u r e (of Nature). 

This treatment also tends to produce hero-worship -
where the hero i s Nature h e r s e l f - the Universe - l i f e -
the law of progress - i t tends to create respect and love 
of God - the guiding force behind a l l t h i s Evolution. 
He gets, i n time, t o couple the idea of God w i t h the 
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idea of t h i s progress. By c u l t i v a t i n g a true love of 
Nature, by showing the p u p i l how t o look f o r God i n the 
flower, the ear of corn, and the t r e e s around him, t h i s 
treatment may produce eventually a sound basis of r e l i g i o n . 
Aspect 6. 

The experience gained from the treatment of these 
fime 
loner Aspects i s applied t o the Study of the p r a c t i c a l 
Psychology of the p u p i l , i . e . to the study of the evolu
t i o n of h i s mind. 

From t h i s treatment we should, perhaps, get the most 
l a s t i n g influence of a l l - t h a t on the p u p i l himself -
an influence th a t i s goind^ to a f f e c t h i s whole l i f e . We 

going f 
are glxxx^^ t o leave w i t h him the accumulated b e n e f i t of 
hi s whole b i o l o g i c a l course. 

Moreover, when given some broad l i n e s of suggestions 
along which he can, by using the experience gained i n h i s 
course, improve h i s own t h i n k i n g powers and thereby 
improve h i s p e r s o n a l i t y , the p u p i l , w h i l s t s t i l l a t 
School can apply the same p r i n c i p l e s i n h i s a t t i t u d e towards 
other subjects i n the curriculum and thus h i s biology 
teaching can influence f o r good the whole outlook of his 
student l i f e and a f t e r . 

One, two oTTIore of these Aspects incorporated 
i n t o one Method and adopted by the teacher i n every lesson -
becoming a pa r t of h i s ve r y ( t e a c h i n g ) p e r s o n a l i t y would 
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seem t o ua to be the i d e a l , which of course, i n p r a c t i c e 
i s never reached. The aim, the r e f o r e , must be t o get as 
near to t h i s as i s possible when one i s surrounded by 
r u l e s , regulations and Examination requirements. 
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Let us take one or two examples of topics dealt 
w i t h i n Biology teaching and t r y and analyse each Aspect 
separately f i r s t , and then see how i t may be possible 
to blend some of these treatments i n t o one consistent and 
constant Method. 
Note. 

The work of a l l pioneers mol need not be in v e s t i g a t e d 
under Aspect 3 - indeed, time would not allow - i t w i l l 
s u f f i c e to give and discuss a few, the idea being to give 
the p u p i l some i n d i c a t i o n of the struggles, disappointments 
and triumphs of these men and women. 

Again under Aspect 3, only some of the main milestones 
on the road of progress i n the topic need, and can, be 
touched upon - enough to give the p u p i l a general idea of 
how the knowledge on the topic has advanced. 
Topic - Seeds and t h f b r Germination. 
Aspect 1. 

A very b r i e f o u t l i n e of t h * h i s t o r y of Biology as 
a Science - i . e . the sequence of events i n B i o l o g i c a l 
discoveries throughout the ages. 

This can conveniently form a background f o r the whole 
teaching of the subject i n every Form throughout the School. 

I n the lowest Forms, say up to TovAs 111. a mere o u t l i n e 
can be made of the Story under t h i s Aspect, i n the f i r s t 
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lesson or two i n the f i r s t term of the year. A 
skeleton table or Chart i s b u i l t - u p by Form and 
teacher - a copy of which each p u p i l makes i n h i s note
book and a copy i s also made i n the Master»s Record book. 
The p u p i l who makes the best Chart makes a Wall Chart 
f o r f u t u r e reference. When t h i s Form moves up the 
f o l l o w i n g year the Story i s again reproduced i n the f i r s t 
two periods of the f i r s t term, but t h i s time the pu p i l s 
having gained experience i n the previous Form w i l l be 
able to p r o f i t by experience and appreciate f u l l e r d e t a i l s . 
The Chart or Table w i l l thus be f u l l e r than a year before. 
Copies qre made as before i n the p u p i l ' s Note book, 
Master's Record Book and on a Wall Chart. This procedure 
i s followed a l l the way up the school so th a t i n the 
VI . Form a most comprehensive account can be given and a 
somewhat d e t a i l e d Chart made. 

A l i t t l e more time (a t a l k on 'Great B i o l o g i s t s ' 
can be given say once a month) can also be devoted to i t 
i n the Higher Forms, since more periods per week are 
a l l o t t e d to the Subject. By g i v i n g a b i r d ' s eye 
view of Biology, t h i s Aspect w i l l prepare the ground 
f o r the proper i n t r o d u c t i o n of the Method of teaching 
the various t o p i c s under the other Aspects. I t w i l l 
also create i n t e r e s t i n , and a keenness f o r , the course 
tha t i s to f o l l o w f o r the year. 
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Aypeot 1« 
(1) The Greek Period. 

(Hippocrates,) Influence on the S c i e n t i f i c Thought 
B.C. ( A r i s t o t l e , ) 

(Theophratus ) of coming generations. 
(2) The Roman Period. Decline of Science except Botany, 
1st C. A.D. P l i n y ) The only two names of note. 
130-200 A.D. Galin ) 
(3) The Dark Ages. Absence of Observation. 
200-1200 A.D. 
(4) The Revival of Learning. 
13C. A.D. Roger Bacon ) E f f e c t of Eastern S c i e n t i f i c 

) zeal on 7i"estern C i v i l i s a t i o n . 
(5) 15 C. A.D. (a) The Humanists. Students o f o r i g i n a l 

Greek Works. 
(b) The German Fathers of Botany. 

(6) 16 C. A.D. The Discovery of the C i r c u l a t i o n of the 
Blood. 

Harvey. S t a r t i n g p o i n t o f modem 
physiology. 

(7) 16-17 C. A.D. F i r s t S c i e n t i f i c Societies. C o l l e c t 
i n g i n f ormation. 

(8) 17 C. A.D. (a) Discovery of the Microscope. Great 
impetus t o i n v e s t i g a t i o n . 

(b) C l a s s i f i c a t i o n . 
Ray. 
Linneaus. 
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(8) 17 C. A.D. (Continued) 
- 18 C. 

(c) Comparative Anatomy 
Cuvler. 
uvren. 

(9) 18 C. - 19 C, A.D. 
(a) B i o l o g i c a l E x p l o r a t i o n , 

Darwin's Voyage i n the "Beagle," 
( b j E v o l u t i o n 

Darwin. 
Lamarck. 
Wallace. 

( c j Structure of C e l l and Protoplasm. 
(d) The Chlorophyll System. 
(e) The Nitrogen Cycle. 
( f ) Respiration as Combustion. 
(g) Tropisms and Nerves. 
(h) Pasteur on Fermentation. 
( i ) Embryology. 

Van Baer. 
( j ) Nuclear Character of Sex. 
(k) Heredity. 

Mendel. 
Weisman. 

d o ; 2o C. A.D, (a) Morgan on Heredity. 
(b) Mutations. 

19-20 C. A.D. De Vries. 
20 C. A.D. (6) Nuclear basis of Heredity, 

(d) The gene" 
(e) E f f e c t of t h i s modern research on 

Man's Progress. 



52. 
An a l t e r n a t i v e treatment, under consideration at the 

moment i s the f o l l o w i n g : -
Relative Stress on various periods. 

e.g. (1) Greejp Period, C2) 1500-1800, (3) 19th Century 
to date -

at d i f f e r a B t Stages of School l i f e . 
Greek Period: 
Lower Forms - i n connection w i t h Games and A t h l e t i c s which 
were so prominent a feature of t h i s period. This i s 
the tiij.e to get t h i s t r e a t e d while the element of wonder 
i s at i t s highest. 

I t i s also more of a n a t u r a l sequence - other periods 
can f o l l o w n a t u r a l l y i n School l i f e ; so as to end up i n 
Higher Forms w i t h the work done i n present day Science. 
Hence 71. Form - present day research - which w i l l take 
a l l the time a v a i l a b l e f o r H i s t o r y of Science. 
1500 - 1800; 
Middle School. - Follows n a t u r a l l y on work ibn Lower 
Forms. Better able to understand 'eclipse' of Dark Ages, 
and f o l l o w threads. Also b e t t e r able to grasp the 
Renaissance i n Science i n the 16th and 17th Centuries 
and acceleration i n Science at t h i s time - l a y i n g the 
foundation f o r Science 'branches' - increased research -
and complicated network. 

Work of 18th Century i n f a i r d e t a i l - milestone^. 

19th Century to Date: 
Higher School. V. Lowers^leading up ta research and d i s 
coveries i n various f i e l d s during l a s t 50 years i n f a i r 
d e t a i l i n V I t h . 
Thus p u p i l s get the complete _pic1ture by end of school 
career. 
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ASPECT 2. 

Evolut- ) 
ionary 
Sequence; 
of 
t o p i c s * ) 

The S o i l - as the home of the p l a n t . 
( 2 j How a seed l a foiroed^ The flower -

p o l l i n a t i o n - f e r t l l i s a t l o n . 
E s s e n t i a l parts of a f l o w e r . How 
the ovule (baby seed; becomes a 
seed (containing baby p l a n t ) , and 
the ovary a f r u i t . The flower 
as a branch bearing s p e c i a l i s e d 
leaves• 

> Structure of a Seed. Baby p l a n t 
) surrounded by a coat, feeding 
; b o t t l e s , e t c . 

(4) Germination of a Seed. How the 
prisoner escapes and f i g h t s f o r 
i t s e l f . 

(5) The Seedling. Photosynthesis, Root 
Absorption, Respiration, Transpir
a t i o n . 

(6) Mature Plant* Each p a r t , shape, 
f i i n c t i o n , e t c . 
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ASPECT 5. 
Source books are used and Extracts are read, 

or, t o vary the procedure, a standard book on the 
Hi s t o r y of Biology, e.g. Singer»s, i s used i n the 
Upper School - relevant parts being shown under 
the epidiascope. I n the Lower School simpler 
books are s i m i l a r l y used. 
Theophrastus (SSO-gB? B.C.) 

2000 years ago. Let us take our minds back. 
People then d i d not r e a l i s e t h a t p l a n t s had parents 
They had no lenses and microscopes. 

Theophrastus was taught by t h a t great s c i e n t i s t 
A r i s t o t l e - one of the f i r s t s c i e n t i s t s we hear of. 
He loved h i s master, and devoted h i s l i f e t o the 
study of Botany, a good t h i n g f o r us since no 
Botanical work of A r i s t o t l e has survived. 

Considering tiie times he l i v e d i n , he made 
wonderful observations on seed germination - he 
wrote the best account of i t u n t i l tiie 17th 
century - nineteen hundred years a f t e r h i s time. 
He even found the d i f f e r e n c e between the germination 
of the seed i n a Dicotyledon |rat)4that i n a 
Monocotyledon - that i n t h e former the root and 
shoot come out of the seed a t the same place and 
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i n the l a t t e r a t d i f f e r e n t places. 
He also found that i n the Date Palm, nfeera 

the male and female organs are i n d i f f e r e n t t r e e s , 
i f the dust o f f the male i s shed over the f r u i t 
of the female - the f r u i t develops. This i s a 
d e s c r i p t i o n of the a r t i f i c i a l f e r t i l i s a t i o n of the 
Palm t r e e , p r a c t i s e d centuries before Theophrastus 
by t h e Babylonians and Egyptians. 

Then f o l l c w e d the Dark Ages - very dark f o r 
Science - litien only the Arab t r i b e s kept the lamp 
burning, 

MALPIGHI (1628>>94j 
He became Professor of Medicine at Bologna 

U n i v e r s i t y . The microscope had been r e c e n t l y 
devised and t h i s helped him tremendously - i t made 
i t possible t o examine the s t r u c t u r e of the seed« 
He became very p r o f i c i e n t i n the use of the micro
scope. He was a f i n e observer and experimented on 
many t h i n g s i n Biology. He wrote a f i n e account 
of t h e germination of the bean, l a u r e l , date palm, 
pea and idieat. He mde good d i s t i n c t i o n s between 
the seeds of Dicotyledons and those of Monocotyledons. 
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He found swellings on the r o o t s of the bean but 
he d i d not understand iftiat they were f o r . He made 
many good diagrams of the embryo-sac and endosperm. 

GREff (1641-1712) 
He was a pious man. He studied plants and 

animals because they were, l i k e h i m s e l f , made by 
God; and because they both were p a r t s of God's 
design. He t h o u ^ t there was some s i m i l a r i t y of 
s t r u c t u r e between them* He looked f o r t h i s 
s i m i l a r i t y everyvftiere i n Nature. 

He guessed t h a t flowers were the sexual organs 
of p l a n t s . I n the 18th centure there was s t i l l a 
dispute about sex i n p!lants. 

SHtENGEL (1750'*1816; 
He was a Rector. He l o s t h i s pariah because 

he neglected h i s duties and spent h i s time studying 
Science. He went to l i v e a lo n e l y l i f e i n B e r l i n , 
and was looked upon as a crank, as many great 
s c i e n t i s t s , l o s t I n t h e i r work, are looked upon 
to-day. He wrote a work of genius on sex i n p l a n t s 
He observed, c a r e f u l l y , how insects p o l l i n a t e d 
c e r t a i n f l o w e r s . 
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HOFMEISTER (1624-77) 

A German, w i t h no t r a i n i n g , and yet he became 
Professor. He studied f e r t i l i s a t i o n and the germin
a t i o n of seeds. He traced the development of the 
ovule. 

About 1855 sex i n plants was d e f i n i t e l y 
admitted - t h a t a tube ( p o l l e n ; grows from the 
g r a i n , enters the ovule through the opening i n i t -
that a c e l l from i t j o i n s w i t h the egg c e l l i n the 
ovule - which then enlarges and d i v i d e s forming 
an embryo (baby p l a n t ) i n s i d e the o l d ovule. 

Our knowledge has not advanced much since then, 

ANOTHER EXAMPLE of ASi^CT 5 - treatment. 
Topic - Bacteria, Pennentation (Form Remove), 
o u t l i n e only, 
l̂ ASTEUR (1822-95), 

His E a r l y L i f e . I n t e r e s t i n g points about h i s 
p r i v a t e l i f e (always appeal 
to b o y ^ 

Feiroentation Worksrs before him. e,g. Schwann, 1837. 
His Chances t o study - Professor. 
His I s o l a t i o n of Bacteria from Sour M i l k 
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His Work on Anthrsuc and liables 
Rabies, p a r t i c u l a r l y a serious disease a t 

that time. His cure of sixteen Russians litio had 
t r a v e l l e d t o Paris t o see him. 
His Fermentation Experiments 

Description i n d e t a i l . Some of h i s Apparatus 
s t i l l t o be seen at Pasteur I n s t i t u t e . 
The Strong upposition he had t o f i g h t against. 
e.g. L i e b i g , considered t o be one of the greatest 
s c i e n t i s t s l i v i n g a t t h * time, f i r m l y believed t h a t 
fermentation was a chemical process, and had nothing 
to do w i t h l i v i n g t h i n g s . Gay-Lussoc believed t h a t 
e.g. oxygen was necessary since a i r appeared t o bo 
necessary. Helmholtz was another opponent. 
His Great Experimenting t o prove t o the world t h a t 

he was r i g h t . ~ 
His V i c t o r y . 
Pasteur*s work i n preventing the Souring of M i l k . 

Pound thaC c e r t a i n yeasts or moulds were always 
present on the skins of the r i p e n i n g grapes used i n 
the process. 
His Fight t o prove t h a t germs (ba c t e r i a ) were present 

m the a i r , and t h a t Fermentation and Decay were 
processes caused by them. ~ 
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His Famous "Bent-necked F l a s k s " Experiment to prove 
t h i s . These f l a s k s s t i l l at Pasteur I n s t i t u t e . 

His Perseverance I n repeating h i s Experiments. 

The benefit to h l a Country and to the world of 
h i s d i s c o v e r l e a . 

Summing-up of the l i f e of > Great Benefactor of 
HumagiltyT 
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AStE CT 4. 

Man from e a r l y times a food-collector• 

Gradually became a food producer. Probably seeds 

had been discovered 5uOO years before C h r i s t , as had 

nearly a l l the elements which d i s t i n g u i s h c i v i l i s e d 

man from the savage. 

Seeds found i n Tutankamen tomb of the Egyptians. 

Mustard seed of the B i b l e . Parable of the Sower. 

Thus seeds must be very old. The earth's crust 

cooled and plant l i f e appeared. These plants pro

duced seeds. The e a r l y t i l l e r s of the s o i l used 

seeds, and b i t by b i t men began to study how these 

seeds grew into new p l a n t s . 

When the Greeks held power Science f l o u r i s h e d , 

and much a t t e n t i o n was paid to seeds. Then came 

the Roman Empire and Science suffered, because the 

Romans, l a y i n g s t r e s s on producing strong war r i o r s , 

did not r e a l i s e the value of science, and the only 

people fHoLO took a great i n t e r e s t i n seeds were the 

medical men who wanted them f o r growing p l a n t s they 

needed f o r obtaining t h e i r drugs. The Dark Age 

followed (many centuifes) and we hear l i t t l e about 

any.eaperiments i n seeds or anything e l s e i n Science, 
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Then came the r e v i v a l ^nd pl a n t s became prominent 

again I n the w ork of the h e r b a l i s t s who again used 

them f o r medicinal purposes. Then men of Science 

grew more serious and s t a r t e d to study l i f e I n more 

d e t a i l . Along with other topics they studied seeds, 

and hov they germinated. The microscope was devised 

and a f t e r that B i o l o g i s t s were able to cut s e c t i o n s 

of seeds and see what they were made up of. They 

also began to watch c a r e f u l l y what happened when a 

seed was soaked i n water^ and planted^ u n t i l step 

by step we have had handed domn to us the s t o r y as 

we know i t to-day. I t I s for us now to t r y and 

discover, by c a r e f u l observation, more about the 

topic f o r ourselves. 

(The story as we know i t to-day i s 

summarised). 



62. 

ASgSCT 5. 
The seed-coat swells by absorbing water, -

bursts - the baby plant comes out of i t s prison, -

s t r e t c h e s i t s l e g s , - eats i t s s t o r e of food i n 

the cupboard and s t a r t s fending for I t s e l f . I t 

grows a a n a l l root ( r a d i c l e ) which makes f o r the 

nearest water to enable the plant to get the 

necessary minerals from the s o i l . I t i s a l s o 

going to anchor the plant f i r m l y i n the s o i l ; the 

young shoot grows slowly u n t i l the root gets 

e s t a b l i s h e d , and w i t h the energy of the sun i t makes 

the green colour which then helps i t to manufacture 

food from the minerals and water brought from the 

s o i l and the carbon from the COg of the a i r brought 

i n through holes i n the l e a f . The young plant 

gains strength, adds more leaves ( f a c t o r i e s ) and 

makes more food to b u i l d I t s e l f up with. I t 

breathes l i k e an animal, gives off waste, ceases 

a c t i v i t y ( r e s t s ) at night, works hard i n the daytime, 

j u s t l i k e an animal and eventually prepares f o r the 

future by producing flowers and seeds. 

(Here the f u l l s t o r y of how a seed i s formed i s 

given). Hence we get the complete l i f e c y c l e or 

the s e l f - s t o r y of the p l a n t . 
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Aspect 6. 

When a topic (or s e r i e s of topics} has been 

presented according to one or more of the Aspects 

considered, 4at the beginning oitA end of a period, 

on the general impressions formed on the mind of 

the p u p i l , aids the development of ideas. L o g i c a l 

sequence makes for l o g i c a l thinking and deductions 

(the underlying p r i n c i p l e of the S c i e n t i f i c Method). 

For instance, i n the case of the topic "Seeds 

and Germination" - the treatment under Aspect 3 

i n p a r t i c u l a r , leaves on the pupil*s mind very 

d e f i n i t e impressions as to the characters of the 

pioneers involved. He tends to consider them as 

guides to h i s own development along the sure way of 

perseverance and concentration. Gradually he begins 

to r e a l i s e that progress i n himself means the bettering 

of s e l f through the power of the mind. I t dawns on him 

that every action of h i s has an important bearing upon 

the sum t o t a l of h i s p e r s o n a l i t y ; that h i s progress 

depends, u l t i m a t e l y , upon the degreetk to which he can 

make h i s thinking evolutionary. 

The impression gained from the treatment of the 

topic under the other Aspects, e.g. Aspect 5, tends to 

make him r e a l i s e that, l i k e other organisms i n Nature, 

i f he makes mistakes he must pay the penalty, and that 

t h i s w i l l r e t a r d h i s progress i n the great struggle for 

existence. 
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Another Example of Aspect 6 - treatment. 

The Brain i n Man Form Y I s . 

Outline. 

Rapid Revision of the Systems -

Digestive, C i r c u l a t o r y , Excretory, Respiratory, e t c . 

The Nervous System ( i n more d e t a i l ) as the Controlling 

System. 

The Brain as Headquarters of the Nervous System. 

Composed of w l i t e matter with a coating of grey 

matter. 

ConvcLtotions (more surface exposed). 

White matter responsible for d i r e c t i n g routine 

of l i f e . Great thoughts (decisions, e t c . , - i n t e l l e c t ) 

emanating from Grey matter. 

Quality of mind depending upon amount of grey matter. 

Yet even t h i s (seat of thought^of mind) has p h y s i c a l 

b a s i s . (Depends upon food, etc.) 

How marvellous Mind i s . 

Discuss Psychological Aspect - Training of Mind and Body. 

How important. 
This leads to consideration of self-development. 
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The Method of Procedure evolved from a Study of these 
Aspects. 

I t becomes f a i r l y obvious then that any topic 

l a i d down i n the sy l l a b u s can be approached from 

various angles. The same topic can be treated from 

d i f f e r e n t points of view or from d i f f e r e n t "aspects". 

I f time allowed, a lesson on a given topic could 

be repeated, each time with a d i f f e r e n t way of approach 

to the subject. This would e n t a i l as many lessons on the 

same topic, possibly, as there are Aspects under consider

ation. This would, of course, r e s u l t i n a thorough 

treatment of the topic and TOuld mean that the pupil 

would gain very comprehensive knowledge of the subject 

and at the same time derive those benefits which, i t i s 

maintained, a consideration of each separate Aspect 

could bestow. 

^^niere, as i s often the case, two or three topics 

can be dealt with together, as being intimately connected, 

as, for example i n the case of the following:-

The Flower, the Seed, the F r u i t , Seed Germination and 

Seed D i s p e r s a l . 

Then i n , say, s i x lessons (as many as there are 

Aspects) i t would be possible, by dealing f a i r l y b r i e f l y 

with each to p i c under each Aspect, to cover the ground i n 

a l l these topics and at the same time gain continuity and 

sequence. 
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Here, then, i s one way i n which a permanent (yet 
ever f l e x i b l e ) Method could be evolved and a c a r e f u l 
s e l e c t i o n of topics as outlined i n Aspect 2 would form 
an i n e v i t a b l e i n i t i a l step i n the building up of t h i s 
Method. 

F i r s t , the t o p i c s to be discussed i n any one Form 

would, under Aspect 2, he arranged i n the Syilabus i n a 

s e r i e s - a short evolutionary s e r i e s - so that each 

succeeding topic has a d e f i n i t e bearing upon the one 

before, a knowledge of which helps m a t e r i a l l y i n the 

grasping of the other. The topics are then grouped 

together i n twos, threes, or fours, according to t h e i r 

more intimate connection with one another. Each group 

i s then discussed (one topic merging into the other 

whenever i t i s found convenient) under each Aspect 

or under as many Aspects as are a p p l i c a b l e . Roughly 

h a l f the t o t a l time a l l o t t e d to a consideration of each 

group would deal with theory and h a l f with p r a c t i c a l 

work. I n the p r a c t i c a l work the pupil would act as a 

detective i n Nature and the group of topics would be 

treated mainly as under Aspect 5. The other Aspects 

would be d e a l t with i n the t h e o r e t i c a l work, except 

that some of them could be l i g h t l y touched upon i n the 

observational ( p r a c t i c a l ) work. 
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Another way of a r r i v i n g at a permanent Method of 

procedure that suggests i t s e l f i s the following 

Erery topic does not lend i t s e l f to convenient 

consideration under each one of the Aspects, One Aspect, 

or perhaps two, strongly apply to i t , viiereas the others 

do not. For instance Aspect 3 i s ±mm±JBMsct3q^ eminently 

s u i t a b l e for the treatment of topic Fermentation. I t 

seems the best method of gaining the f u l l e s t value from 

the l e s son, to deal with t h i s topic frcaa the point of 

view of a great p e r s o n a l i t y l i k e Pasteur and h i s work -

h i s struggles and triumphs. On the other hand the next 

topic - Diseases - which would under Aspect 2 n a t u r a l l y 

follow Fermentation - lends i t s e l f to treatment under 

Aspect 4, with a b r i e f summary under Aspect 3 to supple

ment i t . Of course, Aspects 1, 2, and 5 would be 

automatically included i n both cases. 

I t seems reasonable, therefore, to work out as many 

Aspects f o r any one topic as most s u i t a b l y lend themselves 

to the treatment of that p a r t i c u l a r t o p i c . The one most 

sui t e d of a l l would form the b a s i s of treatment through

out: the lesson, supplemented by the others. 

I f a l l the Aspects do not conveniently f i t i n with 

the main t reatment, then those that do not can be l e f t out 

i n that p a r t i c u l a r lesson, and the method would s t i l l be 

h i s t o r i c a l . The main idea must be that following a 

d i s c u s s i o n on the l i n e s of the Aspect or Aspects by the 

teacher, the whole summarized by me^s of questions 
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and answers supplemented rttxtfejixkiHakfeHWci by the 
teacher's guiding remarks. This sximmary i s reproduced 
on the blackboard and when completed (or as i t i s being 
made) copie£^ by the pupil into h i s book, A copy i s 
kept i n the teacher's own Note Book and t h i s beccmes a 
record f o r future reference and for improvements to 
be added or omiLssions made i n future years. The best 
pupil also makes a Chart (a Wall-chart) by reproducing 
the Summary he has i n h i s Note book. This Chart, the 
Form Chart, i s a l s o kept for reference to be discarded 
when and i f a better one i s made at a future date ( i n that 
Form i n future y e a r s ) . Thus the treatment becomes a 
l i v i n g study and these Charts grow out of the treatment 
of the t o p i c s . The whole method i s h i s t o r i c a l and 
observational i n i t s vary essence and the Charts £CTui 

Records become permanent and u s e f u l as guides and 
reminders to the teacher and taught, but to be improved 
upon each year - again t h i s i s i n i t s e l f evolutionary 
and h i s t o r i c a l . 

I n a year the Master has, thus a complete account 

of the working of the Scheme. I t i s l e f t to him then 

to improve upon i t as time goes on. 

One of these two methods, therefore, seems to be 

the best to adopt i n p r a c t i c e i f the maximum benefit, 

from a l l points of view, i s to be derived by the p u p i l , 

and i t i s suggested here that t h i s H i s t o r i c a l Method 

i s the t r u e s t Method of teaching the Science. 
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I n a c t u a l p r a c t i c e , however, i t i s found,very often^ 

that a compromise between the two i s the best Method. 

Vs^en, perhaps, only two periods a week are a l l o t t e d to the 

Subject i n the Lower and Middle;^ School, the teacher 

find s himself forced to economise both i n content and 

Method. In the Upper School, where the subject i s given 

four or f i v e or even s i x ( i n the VI Form) periods a week, 

then n a t u r a l l y h i s problem changes i t s dimensions and he 

may be able to use the one oT the other Method i n f u l l . 

Generally speaking, the Method which has been most 

i n use i s that of dealing with a topic thoroughly under 

the Aspect which i s considered most s u i t a b l e , some or a l l 

of the other Aspects being given a subsidiary consideration. 

The Method used, therefore, cannot become too f i x e d -

there must remain a good de a l of e l a s t i c i t y about i t - as 

with eveyjrthing e l s e connected with the study of l i v i n g 

things. 

I t i s l e f t to the teacher, working under h i s own 

conditions and circumstances, to choose h i s own p a r t i c u l a r 

procedure, the one he thinks the best suited to the 

immediate needs of the case, but i t i s suggested that h i s 

act u a l procedure had better a r i s e from t h i s h i s t o r i c a l Method^ 

herein outlined. He can cut parts out from the main -

omit here and include there, but ±t i s w e l l advised to keep 

to the d i r e c t i o n and purpose indicated. 
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Many other considerations come into play such as 
the age of the p u p i l s and the ^orm they are i n . Most 
topics (but not a l l ) w i l l be dealt with i n each succeed
ing Form as the pupil proceeds up the School. New 
knowledge gained i n each topic must be placed i n i t s histor
i c a l background by reference to pt?evious work i n that topic 
and by summarising and as the pupil increases i n age and 
gains (and l e a r n s from) experience, he w i l l be the more 
able to understand and to appreciate the Method and thus 
gain increasing and more permanent benefit from i t . 
Herein, a l s o , l i e s the value of the Charts and Records 

for reference. 
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FART IV. 

Various considerations operate i n , and a f f e c t the 

actu a l prooe/Sdure i n connection with the Method - as 

outlined i n P a r t 111. - and we must natxirally deal 

with these, e i t h e r separately, or when discussing the 

d e t a i l s of the teaching i t s e l f . 

I t w i l l be convenient, therefore, to divide t h i s 

Part into the following d i v i s i o n s : -

(1) A Detailed Account of the Organisation of the Biology 

Department at Dudley Grammar School. 

(2) A Discussion on the Age of the Pupil and on the 

C h a r a c t e r i s t i c s of the Age-period i n each Form. 

(3) A Syllabus f or Each Form. 

(4) A Detailed Procedure according to Aspects -
Tjrpical and Comparative I l l u s t r a t i o n s of the 
Work Done. 

(1) Dudley Grammar School i s a School of four hundred 

boys, i n the heart of the i n d u s t r i a l area, with, 

therefore, p e c u l i a r d i f f i c t d t i e s and opportunities f o r 

b i o l o g i c a l teaching. I t has three separate Science 

Departments - Physics, Chemistry and Biology. 

I t was one of the e a r l i e s t schools i n the country 

to include Science i n i t s curriculum. This was i n 
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1848, and i t f u r n i s h e s us with an i n t e r e s t i n g example 

of the expansion of the curriculum i n response to l o c a l 

demands - 'the adaptation to environment* of the 

s y l l a b u s , so to speak. The introduction of Science 

was to a large measure due to the tightening of the 

bonds between the School and the v i t a l p r a c t i c a l 

problems of the d i s t r i c t i t was i n . 

This area i s the centre of very important i r o n , 

s t e e l and mining i n d u s t r i e s . A large percentage of 

the boys turned out of the school are absorbed into 

these i n d u s t r i e s , so that there i s a strong i n d u s t r i a l 

b i a s i n the school a r i s i n g out of t h i s l o c a l b i a s . 

Birmingham U n i v e r s i t y , ta which most of the boys bent 

on an U n i v e r s i t y Course, proceed, possesses one of the 

best departments of Metallurgy i n the Country. There 

i s a very r e a l d i f f i c u l t y , therefore, i n connection 

with Biology, sin c e i t s u t i l i t a r i a n value i s not so 

pronounced i n a d i s t r i c t such as t h i s , and i t may seem 

a source of wonder that i n a school catering for the 

needs of such a d i s t r i c t the subject should hold such 

a prominent p o s i t i o n and be taught throughout the School 

to the Higher C e r t i f i c a t e and U n i v e r s i t y Scholarship 

Stages. There i s , however, an e x c e l l e n t Medical 

Department at Birmingham U n i v e r s i t y , and t h i s supplies 

some i n c e n t i v e . I t has been r e a l i s e d , however, that 
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the subject's general educative and c u l t u r a l value, 
quite apart from i t s u t i l i t a r i a n value, i s as important, 
( i f not more so) i n a town school as i n a country one, 
i n order to give to the p u p i l that necessary balance 
to h i s education. 

At the same time the circumstances under which 

the subject i s taught i n such a school, provide an unique 

chance f o r developing c e r t a i n aspects of the work bearing 

upon the l i f e of a busy town. These aspects w i l l be 

discussed l a t e r i n t h i s P a r t . 

The introduction of Science was a l s o , no doubt, 

(and i t s subsequent development) a part of the i n e v i t a b l e 

process i n education, which accompanied the I n d u s t r i a l 

Revolution and i t was correspondingly introduced and 

developed i n schools A l l over the country. 

As to the a c t u a l matter taught i n Science i n the 

School up to the 19th Century, we know but l i t t l e . From 

the l i t t l e we do know, however, from old School Magazines 

and Local L i t e r a t u r e , we conclude that the Science ran 

along n a t u r a l Science l i n e s - something i n the nature of 

elementary Physios and Chemistry, ISended into one course, 

with s p e c i a l a p p l i c a t i o n to l o v a l i n t e r e s t . We f i n d 

that the Ironmasters of Dudley took an i n t e r e s t i n the 

school and then the Guest Scholarship was e s t a b l i s h e d , 

i n 1863, f o r the best r e s u l t i n Science. 
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Aft e r the new buildings were opened i n 1899 there 
followed the tendency to divide the Science into two 
separate departments - Physics and Chemistry, hut owing 
to the f a c t that they were taught by one master and i n 
ill-equipped l a b o r a t o r i e s the conditions were not favoiirable 
to t h e i r complete separation - necessary f o r more s p e c i a l 
i s a t i o n . 

I n 1921 a separate Physics Master was appointed, and 

the two subjects f i n a l l y separated. 

With theve two subjects w e l l established i n the school, 

i n separate departments, a d e f i n i t e s c i e n t i f i c atmosphere 

was acquired i n each, not at the expense of any other 

subject, but purely as the r e s u l t of a gradual evolutionary 

movement. 

I t soon became apparent, however, that there was 

something v i t a l missing from the Science teaching as a 

whole, - that these two subjects required extension, i n 

order to make the Science teaching i n general complete i n 

i t s essehce* 

The introduction of Biology as a d e f i n i t e subject 

took place i n 1924, and thus, as i n Science teaching i n 

general, so i n Biology i n p a r t i c u l a r , the school can 
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claim to be placed amongst the pioneers. The development 

of the subject(and of the departmentjhas also involved, 

n a t u r a l l y , some very hard and r e a l pioneer work. 

At f i r s t the Science was designated - "The Science 

of L i v i n g Things" and was taken i n the lower Forms only, 

the idea being to s t a r t the subject at the beginning of 

the school career and continue i t i n each succeeding 

year, so that eventually each Form i n the school would 

have i t as an i n t e g r a l part of i t s time-table. This 

was considered the best way to ensure a thorough 

groiinding i n the subject. 

By the time the School C e r t i f i c a t e stage was reached 

i t became necessary to e s t a b l i s h a Higher Course and 

here, the matter presented a l i t t l e more d i f f i c u l t y than 

with Physics or Chemistiry. Of those wishing to take the 

Higher Course, some would require Botany, Some Zoology, 

and some Biology, as d e f i n i t e subjects i n preparation 

for t h e i r U n i v e r s i t y l i f e . I t became necessary to 

organise for these three separate subjects, w h i l s t yet 

preserving that u n i t y of concept so e s s e n t i a l to Biology 

teaching i n general. 

During t h i s time, side by side with the a c t u a l 

teaching, i t was imperative to b u i l d up a Museum, p a r t l y . 
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from specimens c o l l e c t e d , and p a r t l y , from Specimens 

bought, to equip the laboratory, and to c o r r e l a t e the 

work done out doors, p a r t i c u l a r l y i n the garden, with 

that done indoors, so that an attempt be made to make the 

teaching of the subject a l i v e . 

The subject i s now taken throughout the school, i n 

the Lower and Upper V»s as an a l t e r n a t i v e to L a t i n or Art 

and i n the Higher C e r t i f i c a t e Course as a P r i n c i p a l 

subject. 

When f i r s t introduced i t was agreed that the subject 

would have to work out i t s own s a l v a t i o n . The inauguration 

and development of the Natural History Society has been 

one of the l a s t l i n k s i n the chain which has pulled the 

subject through, and more than j u s t i f i e d i t s introduction 

as a subject of both s c i e n t i f i c t r a i n i n g and c u l t u r a l 

value. The f a c t that the Natural H i s t o r y Society i s one 

of the most f l o u r i s h i n g of the school a c t i v i t i e s i s proof 

enough that the subject i s very ^^uch a l i v e a f t e r ten years 

of i t s existence. 

The subject i s taught then, i n each Form i n the 

school. The accommodation c o n s i s t s of a l e c t u r e room 

with terraced benches and a long Master*s bench f o r 
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demonstration purposes, a small Master's room, and a 

laboratory which i s w e l l equipped and contains a good 

museum, various i l l u s t r a t i v e Charts, some hundreds of 

specimen b o t t l e s of seeds and other plant parts and 

two large c e n t r a l benches. 

The Museum contains some bought specimens, 

e.g. dis s e c t e d c r a y f i s h i n a j a r , and eggs of o s t r i c h 

and emu, and (mostly) material c o l l e c t e d by the boys, 

e.g. eggs of d i f f e r e n t b i r d s , bones, (mainly of r a b b i t 

and f r o g ) , snake dissect e d to show small frog being 

swallowed ( i n j a r ) , c h r y s a l i s showing i n s e c t i n the 

act of emerging ( i n j a r ) , skeleton of a frog, and 

various specimen j a r s containing specimens such as the 

frog, herring and c r a y f i s h ^ d i s s e c t e d and prepared by 

VIth Form pupils, together with the preserved brains 

of such animals as the dogfish, rabbit and frog, a l s o 

prepared by V I t h Fom p u p i l s . 

This m a t e r i a l comes i n u s e f u l f o r comparative 

Aidies of the animals concerned and e s p e c i a l l y so since 

V l t h Form pupils carry out some l i m i t e d research upon 

the following:-
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(a) The r e l a t i o n between the s i z e of the heart to 
that of the brain i n the same animal. 

(b) The r e l a t i o n between the s i z e of the (1) heart 
(2) b r a i n 

to the s i z e of the body i n the same 
animal. 

The animals concerned, e.g. r a t , chicken, frog, 

are d i s s e c t e d and the parts,'*^'heart and bra i n respect-

ivelyj-are preserved i n separate j a r s , k e p t on the shelves. 

The present stage of t h i s phase of the work does 

not warrant the deduction of any d e f i n i t e conclusions. 

This Museum ma t e r i a l i s a l s o used f o r demonstrating 

any p a r t i c u l a r t o p i c discussed i n each Form. 

The lecture-room i s a l s o equipped with an up-to-date 

epidiascope and has i t s w a l l s covered with charts on 

various t o p i c s . Other charts have been made showing 

the bones of various animals arranged i n a progressive 

s e r i e s . 

A l l t h i s , not only supplies u s e f u l and immediate 

information and f a c i l i t a t e s the work, but i s a l s o 

destined to give to the department as a urtiole the 

atmosphere of the study of pla n t s and animals. 

There i s a greenhouse attached to the department 

and a l s o a l a r g e garden, both of which af f o r d f a c i l i t i e s 
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for the p r a c t i c a l demonstrations of the subject matter 

studied. 

On the f i r s t day of the school year the p u p i l s are 

arranged to s i t i n a l p h a b e t i c a l order both i n the 

lecture-room and i n the laboratory. Each Foim votes 

fo r four monitors one to s i t at the end of each long 

bench. Out of these four one fe elected by the Form 

to be the Chief Monitor. Each monitor i s made respons

i b l e f o r h i s own bench, keeping a l i s t of the names, 

c o l l e c t i n g books, checking any missing ones, and, i n 

f a c t , being responsible i n general f o r the bench and 

reporting a l l i r r e g u l a r i t i e s to the Chief Monitor who 

reports i n w r i t i n g to the Master. Thus the three 

Monitors are responsible to the Chief Monitor and each 

of the four looks a f t e r the welfare of h i s bench. The 

Chief Monitor i n each Form i s given a pocket note-book 

i n which he records the progress of the work, homework, 

i r r e g u l a r i t i e s , and any other relevant information i n 

each period week by week. For t h i s purpose he uses the 

following t a b l e : -
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10th Week Bnding Nov. 17/34. 11th Week Ending Nov. 
Work 
Done 

Homework Remarks. Work 
Done 

Homework Remarks. 

Per 
1. 

Per 
2. 

12th Week Snding 13th Week Bnding 

Per 
1. 

Per 
2. 

This i s the table used i n a l l Forms which have ohly 
two periods per week a l l o t t e d to Biology, i . e . a l l Forms 
up to Remove (inclusive) - Forms Preparatory, I , I I , 
I I I B , I I I A , IVC, IVBi IVA, Remove. The same plan i s 
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followed from the Remove upwards except that instead of 
four week*s work being entered upon one page, a double 
page i s used f o r the week's work i.e . four periods i n 
the Lower V Forms - V Lower B., and V.L.A, and f i v e periods 
i n Forms V. Upper B. and V. Upper A. The same applies 
to the Vis except that there are six periods per week 
to record, and that each scholar also keeps his own 
record Note book similar to the one used by the Chief 
Monitor - with the following headings 
Week Ending -
Work Done -

(a) Lectures 
1 

(b) Private Reading. 
(c) Practical Work. 
(d) Papers given, Scholar's Talk Series. 
(e) Debates or Discussions. 

Thus a f u l l record i s kept i n each Form and continuity-
i s effected. The Master has only to refer to the Chief 
Monitor's liook i n each Form to know the progress of the 
work and to refer back to any topic or date, or he may 
get each Chief Monitor to make an exact copy of his own 
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entry each time i n a large Record Book kept by the 
Master. 

At the end of a year the Master has a f u l l record 
of the work done, stage by stage, from topic to topic, 
including the references i n the Text Books, and the 
following year, i n each Form, he i s able t o repeat the 
procedure, improving upon i t as he himself k learns from 
experience. The whole thus bee canes progressive and 
evolutionary i n character, and besides affording a record 
of the work i t also becomes a measure of the pupil's 
progress andjgain i n experience as he continues his school 
career. 

1 
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Laboratory Arrangement i n Particular. 
Each Monitor has his own row (which i s the same as 

i n the Lecture room) to look a f t e r . The iiBbruments 
(scalpels, hand-lenses, seekers, etc.) which are kept 
locked up, are brought out by the Chief Monitor at the 
beginning of a period, and while the others i n the 
Form are getting t h e i r books l a i d out f o r Practical 
Work (lined o f f i n a certain way - see below) he takes 
the f i r s t set of instruments and gives one to each i n 
his row, handing the box over to the Second Monitor 
when he has completed his row and then repeating w i t h 
the second set of instruments (say, scalpels). The 
Second Monitor does the same thing, handing the boi 
over to the(Se«d Monitor when he has finished with i t , 
and so on u n t i l a l l the instruments have been given out 
and each Monitor knows the exact number he has disposed 
of and, therefore, the number he must get back. Five 
minutes before the end of the period the Monitors begin 
to c o l l e c t the instruments, following the same procedure 
as before. The Chief Monitor puts them away i n t h e i r 
places i n the cupboard at the end of the period. After 
a l i t t l e practice t h i s process at the beginning and the 
end of the period occupies but two minutes or so i n a 
Form of t h i r t y to t h i r t y - f i v e . 
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( t h i s 
( i s a 
{draw-
(ing 
(page 
(of the 
(Note-
(hook. 

When ready the pupils f i l e out i n order and the 
laboratory i s then f i t and ready f o r the in-coming 
?orm (unless i t i s going i n t o the lecture-room| where 
about half of the time allotfed to each topic i s spen^. 

The boys collect t h e i r own material f o r Practical 
Work (a practice, i t i s maintained, that tends to increase 
t h e i r powers of observation), and bring i t i n specimen 
boxes (any old tobacco t i n s , etc,) which are of convenient 
sizes f o r carrying about, and which have t h e i r names, 
Form and ^Biology Specimens| labelled on them. Larger 
specimens, i f necessary, are brought besides. Examina
t i o n of material i s done on square wooden boards (made 
i n the woodwork room). 

The work i s l a i d out i n the books thus:-
Experiment 5» Date* 

Practical Work Practical Work 

Diagrams. Observations. 
I 

Diag. 1. Diag. 3. Diag. 1. 

Diagi g» DiQg. Diag. 2. 

Diag. 3. Diag. Diag. 3. 

Diag. 4. 

- 5. (• 6. 
Diag. 5. 
Diag. 6. 
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Thus a double page i s always used f o r Practical work, 
one being a drawing page and the other a w r i t i n g page. 
Each pup i l has his own option as to the number of 
drawings he w i l l make. He i s allowed a certain amount 
of free choice i n order to bring out his o r i g i n a l i t y 
and i n i t i a t i v e . He i s t o l d that he i s a detective 
i n the realms of nature and that he i s going to observe 
the specimens i n that Specimen-box to be studied under 
that p a r t i c u l a r topic, i n the same way as a Scotland 
Yard detective,for instance, observes i n the realms 
of crime, e.g. i n p r a c t i c a l work on the Fern the pu p i l 
has i n h i s specimen-box a piece of a frond bearing s o r i . 
He w i l l examine these s o r i , counting the number i n an 
area of 1 sq. cm. of the under surface. He examines 
them with the naked pye, then w i t h the hand-lens, and 
f i n a l l y he teases one o f f with a dissecting needle, 
places i t i n a drop of water on a s l i d e , observes under 
the microscope (small one i n t h i s Form, say Form IV) 
and then breaks i t up with his needle and observes the 
torn sorus shewing sporangia with the annulus r i n g 
p a r t i c u l a r l y i n evidence. He records his observations, 
supplementing them wi t h knowledge gained from the 
guidance given by the Master. 
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The pup i l draws what he sees and writes h i s 
observations on i t with as l i t t l e guidance from the 
Master as i s feasible (some pupils w i l l require more 
guidance than others). The whole i s summarised 
b r i e f l y with the whole Form (guiding principles only) 
and th i s Summary i s included i n the pupil•s observations 
as an ending to his observation page. 

Generally speaking the observational stage on the 
part bf the pup i l precedes the work done on the topic 
i n the lecture-room. He i s encouraged to make what he 
can of i t f i r s t , before i t i s discussed i n d e t a i l 
according to the Method under consideration i n t h i s 
thesis. Thus he i s the better equipped f o r theorising 
on i t . Sometimes, however, some topics better lend 
themselves to theorising upon f i r s t , e.g. Bacteria 
(discussed with reference to the personalities of 
pioneers l i k e Pasteur), and the matter must be 
settled by the Master to su i t the needs of the p a r t i c u 
l a r case. 

Each Form works i n Groups (of two or three -
three usually - i t depends on the size of the Form), 
and each with a leader. I t i s found that t h i s Group 
System makes f o r team work and cultivates the team 
s p i r i t which i t i s so essential to foster i n our 
Schools. Sometimes, as the case may be, only one 
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set of instruments i s required by a Group and not 
one f o r each i n d i v i d u a l member of i t . I n the case 
of experiments other than dissections (e.g. Yeast fermen
tation) one set of apparatus i s used by a Group, i . e . , 
the experiment i s set up by each Group and each member 
of the Group w i l l contribute his share. The results 
obtained by each Group are then discussed. 

Pieeibs of apparatus required, e.g. glass tubing, 
flasks, etc., are l a i d ovdb ty^he Laboratory Assistant^ 
who i s given a l i s t of the things required beforehand. 

Observation Charts. 
Each Form up to IV A. (inclusive) has an Observa

t i o n Chart. The pupils who are the best i n A r t , 
volunteer, at the beginning of the year, to make a 
Chart according to t h e i r own design (the school motto 
being placed at the t o p ) , but with the following 
headings:-
Date. Name Observation Locality. 

These are brought along and judged i n the Form, 
the one voted the best being hung up on the w a l l . £CLC£, 
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pupil writes a summary of any observations he makes 
i n nature, i n his poeket-book, and p e r i o d i c a l l y , every 
f o r t n i g h t or three weeks, a part of a period i s set 
apart f o r the selection of the best observation made 
i n the Form. Each one who has an observation reads i t 
out, the rest of the Form w r i t i n g a very b r i e f summary 
of i t . When a l l the observations have been read out, the 
Form, acting as a jury, Judges them. The top four, 
according to votes, are put up f o r f i n a l tooting, and the 
one that receives the highest number of votes i s w r i t t e n 
down on the Form Observation Chart. 

In t h i s respect, as i n many others, boys and g i r l s 
prove themselves wonderful judges. A r e a l l y outstanding 
observation never f a i l s to stand apart from the r e s t 
by an overwhelming vote. 

The boy who makes the winning chart looks a f t e r i t 
throughout the year and enters the names and observations 
on i t . Some pupils manage to get t h e i r names on three 
times, which i s r e a l l y a f i n e record. Great enthusiasm 
i s aroused. Towards the end of the year the Master and 
the Chief Monitor from each Form, by the use of the same 
method, arr i v e at the best Biology Observation made i n 
the whole school during the year. (To carry the matter 
s t i l l f u r t h e r , the top two or three could be sent up 
to some Natural History Society of note f o r comment 
and possible mention i n i t s proceedings). One or two 
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ate 
of the best/also included i n the School Natural History 
Society*s Notes i n the Magazine. 

Form Collections. 
Along with these Observation Charts, 

collections of actual specimens are made. The Foims 
that make the Charts also make these Collections. 
Specimens considered to be \mique i n any sense^ and of 
outstanding importance are brought and placed on the 
window-sills i n the Form room. A small card i s attached 
to each specimen giving the name and Form of the owner, 
and a br i e f summary of the nature and h i s t o r y of the 
specimen. Each member of the Form endeavours to make 
his contribution. The Monitors look a f t e r the Collection 
which i s commented upon by the Master p e r i o d i c a l l y and 
p a r t i c u l a r l y at l a l f - t e r m . Before the end of the term 
the Master, with the aid of the Chief Monitor^ decides 
upon the best c o l l e c t i o n and s i m i l a r l y the best 
collection at the end of the Year. The pupils who 
brought specimens take them away at the end of the term 
to be returned again the beginning of the next. 

This brings out the competitive s p i r i t i n i t s best 
form by coupling i t with the team s p i r i t , and the s p i r i t 
of i n d i v i d u a l contribution towards a common good. 
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Gardening. 
A garden ̂ ) i s divided into fourteen 

plots^ together with two rockeries and a raspberry p l o t 
i n the centre. One Form normally takes charge f o r a 
year - the Remove Form - but t h i s year the V Lower Class 
(J of each of V.L.A. and V.L.B.) mostly l a s t year»s 
Remare^are allowed to carry on i n order to reap the 
benefit of l a s t year's experience. Every other Form 
i n the school goes down to the garden p e r i o d i c a l l y f o r 
a t a l k and discussion of what i s going on there^and for 
Examination of the actual specimens growing there. The 
growth of peas and beans serves three purposes -
(a) the study of the nodules on the roots of leguminous 
plants, and (b) the study of a flowering plant as regards 
mainly the appearance of the f i r s t leaves, the rate of 
growth, manures and f e r t i l i s e r s , e f f ect on the succeeding 
crop, and the time of flowering, and (c) the study of 
the structure of a leguminous flower. The Forms observe 
the time taken f o r the appearance above ground of other 
plants a f t e r the planting of seeds, and the structure of 
other flowers, e.g. cress, and gain an i n s i g h t , by f i r s t 
hand observation, in t o such practices as the banking-up 
of celery, the care of strawberry p l o t s , the thinning 
out of cabbages and l e t t u c e , aftd the care of rockery 
plants, weeding, and the general clearing up of p l o t s . 
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paths, and hedges. Considerable p r a c t i c a l experience 
i s gained i n t h i s way. 

Two partners usually look a f t e r a p l o t . The 
remaining boys are divided between the rockeries, and those 
boys working on the plots bordering on the raspberry p l o t 
look a f t e r that one. 

The plots are cleared of a l l rubbish and old plants 
i n the early Autumn and then are dug deep and the s o i l 
l e f t i n big lumps for the f r o s t to act upon i t . I f any 
manure i s to be added t h i s i s dug i n at the same time. 
This turning over i s done twice i n the f i r s t term and the 
edges and paths trimmed and cleared. 

In the Spring term the plots are got ready f o r the 
seed^and the i n i t i a t i v e and interest of the boys are 
roused by allowing them to sow or plant any crops they 
wish i n one hal f of the p l o t . One quarter i s l e f t f o r 
transplanting purposes and the other quarter i s a l l o t t e d 
to the seeds suggested by the Master. 

The boys bring t h e i r own seeds or plants f o r t h e i r 
h a l f and each row * r bed i s carefully marked. Each 
plo t also has a sign-board put up giving the names of 
the partners concerned. The crops are tended c a r e f u l l y 
f o r the r est of the year^ and at the end of the Summer 
term (or before i f necessary) and early i n the Autumn 
term the boys share the harvest with the school kitchen. 

They have recently b u i l t up two rockeries, f i n d i n g 





TufTS 

GrRfiSS, 

PL/IA/T H/ieiT/?Ts. 



(OXFORDSHIRE j 



92. 

t h e i r own plants for the purpose. They have also b u i l t 

an Aviary i n which, at present, white pigeons are kept. 

Two boys who have a v i a r i e s at home are looking a f t e r i t , 

and i t forms a very i n t e r e s t i n g addition to the a c t i v i t i e s 

of the department. They afford a means of gaining exper

ience of b i r d l i f e and a source of much pleasure and 

c u r i o s i t y ^ t o younger boys i n p a r t i c u l a r . 

Photography. 

Another Form (Upper School) not engaged i n gardening, 

undertakes photographic work. Photographs of anything 

i n t e r e s t i n g i n Nature are taken, the r e s u l t s p e r i o d i c a l l y 

discussed and compared, placed under the dpidiascope, and 

f i n a l l y pasted on a cardboard sheet and s u i t a b l y annotated. 

This c o l l e c t i o n forms an i n t e r e s t i n g record of the work 

of the Form i n t h i s respect during the year^ and much 

enthusiasm p r e v a i l s . 

Aguaria. 

The benches i n the laboratory are supplied with 

deep sinks - two to each bench - and as there are two 

others i n the room which are adequate f o r the general 

use of the p r a c t i c a l work, these four are u t i l i s e d as 

aquaria. One of the l Y t h Forms takes charge of them 
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and a c t u a l l y turn them into aquaria. The Form works 

i n Groups as f o r P r a c t i c a l work, except that there are 

only four Groups t h i s time. The boys are allowed a 

good de^l of free choice and i t i s most encouraging to 

fi n d what enthusaism they can bring to bear^ and what the 

f i n a l products of t h i s enthusiasm lool: l i k e . The pupils 

devote a good deal of t h e i r spare time to the work^ and 

very often i t must be suggested to them that i t can be 

continued the following day. They d i s p l a y the most 

ingenious methods of making fountains out of g l a s s tubing; 

and even f i x up a wonderful system of l i g h t i n g the 

Aquarium by night (these Aquaria are on show on Parents* 

Evening, when some hundreds of people pass through the 

department). They buy coloured e l e c t r i c bulbs f o r the 

purpose and obtain a v a r i e t y of f i s h , p a r t i c u l a r l y 

g o l d f i s h . They keep a record of the l i f e a c t i v i t i e s 

of the fish^and the aquaria, of course, are used for 

demonstration purposes i n other Forms. 

I t has been fo\md out i n debates and from q u e s t i o i ^ 

a i r e s ^ t h a t boys prefer the study of animals to that of 

plants. They r e v e l i n watching t h e i r movements and h a b i t s 

and t h i s undoubtedly quickens t h e i r powers of observation. 

Every opportunity, therefore, i s taken of allowing them 

to observe the animals i n the aquaria. I n t h i s way every 

Form gains experience from what another Form has set up. 
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Each time a Form i s i n the laboratory, where the aquaria, 

onoe set up, remaini( permanent for some considerable time^ 

looked a f t e r by the pupils concerned, the boys are allowed 

a few minutes, before the o f f i c i a l work begins, to d i s c u s s 

f r e e l y a l l they can observe about the inhabitants of these 

aquaria. They get r e a l Joy out of i t besides traluable 

experience, and, i n many cases, i t leads to pup i l s keep

ing an aquarium at home. I n t h i s way t h i s phase of the 

work contributes towards the 'pet' habit. 
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Excursions and Rambles. 
These are not easy to organise s u c c e s s f u l l y , and 

need c a r e f u l planning beforehand. The system which has 

proved most p r o f i t a b l e i s the following:-

The Master draws out a plan of the work to be done, 

the aim being to do a l i m i t e d amount w e l l rather than to 

doa large amount imperfectly, haphazardly and meaningless-

l y . Broad habits are discussed c a r e f u l l y witjt the Form 

before i t s e t s out^ and the work begins when the Master 

i s f a i r l y c e r t a i n that the Form, on the whole, i s aware 

Of the purpose of the ramble,^ also the extent of the 

value to be derived. The *Group' system which operates 

throughout i n P r a c t i c a l Work operates here. Each 

Group s e t s out to i n v e s t i g a t e , the Groups keeping f a i r l y 

close together so as to be always under the eye of the 

Master and near at hand for h i s advice and guidance. 

Specimens of i n t e r e s t are c o l l e c t e d , notes are made 

and these are examined and summarised l a t e r i n the 

laboratory, when an account of the ramble i s w r i t t e n 

i n the books. Generally speaking, the same ramble i s 

made a few times, at i n t e r v a l s , and the same plants 

(including trees) examined i n p a r t i c u l a r , i n addition 

to others. Seasonal changes thus become r e a l and the 

true foundation of e c o l o g i c a l study i s made. More 

of these rambles are made i n the Spring term when 

Nature i s so a c t i v e * 
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A l i m i t e d number of excursions are made al s o -

the same plan operating - to places of i n t e r e s t such 

as the Birmingham Natural History Museiim, which can toast 

of an e x c e l l e n t c o l l e c t i o n , the Midland Dairy Headquarters 

at Birmingham or at Wolverhampton, for Clean Milk 

demonstrations, and Kew Gardens. Material from the f i r s t 

two name^ and from d i f f e r e n t firms, i s displayed, a l s o en 

Parents* Evening every year, when some hundreds of 

people pass through the department and view the work 

done by the boys during the year, i n addition to such 

di s p l a y s as mentioned above. 

Si m i l a r Excursions are also made i n connection with 

the Natural History Society, e.g. to the Biology Depart

ment of Bilipmingham U n i v e r s i t y . 

Scholars* Talks, Debates and Discussions. 

These are a prominent feature of the work, p a r t i c u 

l a r l y i n the School C e r t i f i c a t e and Higher School 

C e r t i f i c a t e Forms. A rota i s posted up and a pupil 

gives a t a l k on any of the topics i n the Syllabus for 

the term. This i s followed by a d i s c u s s i o n . An 

epidiascope t a l k i s generally preferred. Once a 

fo r t n i g h t , a l t e r n a t e l y with the Scholars* Talk S e r i e s , 

an epidiascope l e c t u r e i s given by the Master on **The 

Great Biologists**. 
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I n the other Forms boys o c c a s i o n a l l y give a talk^ 
but no d e f i n i t e rota i s used. There are, however, 
p e r i o d i c a l debates and d i s c u s s i o n s , e.g. an imaginary 
conversation between Pasteur and L i s t e r , represented 
by two boys, was thoroughly enjoyed by Form I I . I t iTan 
on the following l i n e s : -



9 9 . 

Pasteur k L i s t e r . Form I I I 
Conyersation, 
L i s t e r . "How do you do, Mr. Pasteur - t h i s i s my w i f e , , -

llr. Pasteur, my dear^ - the great !?rench 
B i o l o g i s t and the man you have heard me 
t a l k so much about. 
(Formal i n t r o d u c t i o n - Mrs. L i s t e r excuses her

s e l f and r e t i r e s . ) 
Pasteng ' ^ a t brought you over to France - such a busy 

man as you? 
L i s t e r . My wife and I came over f o r a short v i s i t 

to f r i e n d s and I ara talcing the opportunity of 
seeing some of your famous experiments. Reading 
about thej? even, has helped me tremendously 
i n my worK. 

Pasteur. Oh, I'm doing my best you knov/ - and I may 
t e l l you now how your great f i g h t against 
disease i s t h r i l l i n g me. I t w i l l b r i n g 
great happiness and joy to s u f f e r e r s a l l 
over the worlds 
Let's have a look round - no doubt y o u ' l l be 
inte r e s t e d i n some of my apparatus. These are 
some of the f l a s k s and tubes I used,to prove 
that bacteria are c a r r i e d i n the q i r . Yes, 
i t was a hard f i S h t - there are so many people 
who r i d i c u l e everything, aren't thereJ I t i s 
the same w i t h you, I expect. 

L i s t e r . Yes, ra t h e r , even some of my colleagues are 
c r i t i c a l JtocxlicaDC (or else jealous) at f i r s t , 
and t h i s means tha t t h e i r poor p a t i e n t s s u f f e r . 
















































































































































































































