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mentally from the various interpretations now being urged 
by other biologists. 

Putting aside the condition of affairs found in all other 
Ichthyopsida, the consideration of which would be con
fusing unless there were time to discuss their morphology 
in some detail, let us look for a moment at the brain of 
the Dipnoi. In the mud-fish the cortex-like material form
ing the tuberculum olfactorium becomes highly specialised, 
and form s a relatively enormous organ upon the basal 
aspect of the cerebral hemisphere, of which it constitutes 
more than half the bulk. The pallial formation also 
becomes more distinctly differentiated into a cortex, the 
lateral part of which can now be justly termed " pyri
form " and the mesial " hippocampal." The fornix-fibres 
connected with the latter are embedded in a mass of 
ganglionic matter-the paraterminal body-which exhibits 
a functional relationship to the hippocampus analogous to 
that which the striate body presents to the other cortical 
areas . In other words, it is a nucleus of origin for large 
numbers of projection fibres which pass down to the hypo
J:halamic region, and the cells of origin of these fibres are 
probably under the influence both of descending hippo
campal (smell) fibres and ascending tracts from the lobus 
inferior of the hypothalamus (probably taste). 

Leaving the Amphibia out of account, and turning 
at one step from the Dipnoi direct ly to the reptiles, it will 
be found that the highly developed tuberculum olfactorium 
of the Dipnoi has undergone a great diminution in size 
and an even more pronounced deterioration in structure, 
but the corpus striatum and the pallial formation show a 
great advance both in size and in specialisation of structure. 

There are very definite reasons for rejecting the views of 
Ramon y Cajal as to the homology of the mesial wall of 
the reptilian hemisphere, and also von Kupffer's identifi
cation of the hippocampus. Nor can we accept in its 
entirety the interpretation of the limits of the hippocampal 
formation and of its constituent parts favoured by Edinger 
and Ariens-Kappers. 

The hippocampal formation of the reptile is not broken 
up into two parts, fascia dentata and hippocampus sensu 
stricto, as it is in the mammal, but is a continuous column 
of cells, as the lecturer pointed out in 1895-an opinion 
since confirmed by Giuseppe Levi. 

But there is no fully differentiated fascia dentata in 
r eptiles as Levi believes. The hippocampal formation of 
'11 lizard contains cells analogous to those of the fascia 
dentata intermingled with others like those of the hippo
campus sens« stricto, and others, again, intermediate in 
structure between the two. Thus in the reptile the hippo
campal formation is caught, as it were, in the act of 
differentiating. Ultimately (in mammals) all the hippo
campal · cells vanish from its mesial part, leaving only 
" dentate " cells, which form a receptive organ for in
coming olfactory impulses, and the lateral (dorsal) part of 
the formation loses all its "dentate " cells and becomes 
a purely associative and projection-organ. 

In reptiles, the larger size of the corpus striatum and 
pallial formation is probably related to the fact that many 
sensory fibres ascending from the optic thalamus make 
their way into the hemisphere. The researches of Edinger, 
·wa llenberg, Gordon Holmes, Ariens-Kappers and others, 
ha,·e made it appear most likely that these fibres carry 
tactile impressions from the tongue and the cutaneous 
areas around the mouth, and possibly also visual impulses. 

These two categories of fibres are certainly abundant in 
the peculiarly aberrant and highly specialised brain of the 
bird, in which the corpus striatum takes on an enormously 
enhanced importance and significa nce, and develops along 
1ines which diverge widely from the stream of mammalian 
evolution. 

In the reptile there is no true neopallium, but great 
~onfusion in the relations is produced, because the lateral 
part of the pallial formation is being suddenly stimulated 
to expand by the entry of these sensory, and perhaps visual, 
fibres. The rapidly overgrowing cortex becomes bent into 
the ventricular cavity to form a pseudo-ganglionic (but 
1·eally cortical) mass, which Edinger has called Epistriatum. 

ln the immediate ancestors of mammals the number and 
variety of sensory paths which found admission into 
the cerebrum became enormously increased, and led to a 
'further specialisation of the pallial formation, resulting in 
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the birth of the neopallium-a cortical area where all 
the sensory impulses brought to the cerebral hemisphere 
along these new channels might be received, be blended in 
consciousness with those .coming from other sense-organs, 
and leave impressions which might be stored, as it were, 
in this neopallium, and so influence other sensations and 
states of consciousness at some subsequent time. The neo
palliurn is thus the organ of associative memory. 

It is, perhaps, not devoid of significance that the first 
appearance of a definite neopallium coincides with the 
transformation of the skin over the whole surface of the 
body into a highly specialised tactile organ. 

The further evolution of the neopallium in the Mammalia, 
and the formation of sulci and convolutions, was also 
discussed, special stress being laid upon the value of the 
unrivalled collection of brains in the college museum for 
the study of this aspect of the subject. 

CONFERENCES ON SCIENCE :lND MATHE
MATICS IN SCHOOLS. 

THE Mathematical Association and the Public Schools 
Science Masters joined forces at their a nnual meetings 

held this month at Westmiuster School. We print below 
a programme of the proceedings, and attempt to indic:it,! 
the present situation of science and ~~thematical _teac~rng 
in relation to the work of these a.ssociatwns, fcllowrng· lrnes 
of thought prompted by the expression of opinion at the 
meetings. . 

vVe must first discriminate between the Mathematical 
Societv · and the Mathematical Association. The former 
body fs devoted to research, the latter to the improvement 
of elementary mathematical teaching. The organ of the 
association is the Mathematical Gaze tte; one hears com
plaints that disproportionate sp~ce i? given in its c<;>lu~ns 
to problems of purely mathematica l rnterest or to mrnutia,, 
while the clamant need for recon,idering the bases of one 
of the fundamental branches of edc;cation remains unsatisfied. 

In the course c,f a vigorou-: presidentia l address, Prof. 
Turner spoke of the reign of efficiency established in the 
department of Egyptian service under Cal_'tain Lyons. Fer 
responsible work of varied nature Captarn Lyons selected 
able mathematicians from Oxford and Cambridge. These 
men proved successful, an~ Pr~f.- Turner _dii:ected :ittention 
to this fact in support of his oprnion that it is a mistake to 
strive after a " general education " for a ll boys. A 
gardener might as well treat his flo wers as cabba~es. ln 
the paper which followed, Mr. Godfrey emphasised the 
importance of paying regard to the different :equirerne~ts 
of students. The precise value ot algebra m educat10n 
deserved greater consid<;ration. The remainin~ papers 
hardly provided such nutrient fare as one would wish for en 
an occasion when masters and mistresses from schools all 
over the countrv are summoned for annual conference. In 
the afternoon, ·however, a crowded meeting discussed the 
urgent problem of how to correlate m1;1their.atical an_d 
science teaching, an important report serving as the basis 
of debate. The committee responsible for the report con
sisted of six representatives of mathematical teaching, six 
of science, and two head-masters of preparatory schools. 
Thev had been asked to consider the possibility of corrc
lati1;g the teaching of mathematics _and science, and t~eir 
reply took the effective for_m o~ a series o_f recomme~dations 
for putting such correlation rnto practice. As might be 
expected from the composition of the committee, all _the 
recommendations were evidently the outcome of practical 
experience in the class-room. The prime n_ecessity was 
cooperation between the teachers of the respective branches, 
and it was recognised that the chief obstacle was the lack 
of laboratory training, which was, unfortunately, w 
common amongst mathematicians . . To aid in removing 
this obstacle, an appendix was devoted to the vacation 
course in practical w-0rk organised for schoolm_asters at 
the Cavendish Laboratory ; the course was given last 
Au¢ust, and is to be repeate_d next summer. 

Many of the recommendations are commendable, e.g. ~hat 
the practical measurements should have a real connection, 
not only with the ordinary arithmetical lessons, but also 
with the actual details of daily life. Nevertheless the 
general impression conveyed is disappoint ing. A l.'refatory 
memorandum warns the reader that the committee re
garded as outside its purview the discussion of the ·functions 
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of science and mathematics in a balanced education. This 
estimate of its duties appears to account for the limited 
view which detracts from some portions of their work. 
We recognise the right of the committee to formulate 
opinions directly contravening the principles of Prof. Perry, 
but it should be made clear that the committee has con
sidered the methods advocated by men of no little experience 
and judgment with whom it disagrees. Again, there is a 
half-heartedness in some of the proposals which suggests 
that the committee has not yet advanced to the position 
taken by leading writers more than twenty years ago. For 
example, no reference whatever is made to graphs, and the 
official dictum of the Mathematical Association still stands 
" that it is undesirable (at the preparatory stage) to lay 
stress on the practical employ,ment of graphs in solving 
equations or other problems." [The italics are in the 
original, vide Reports of the Committee of the M.A., 
p. 29 of the 1908 issue.] 

The d1scussion was preceded by an eloquent benedictory 
address from Prof. Forsyth. He quoted Faraday's advice 
to Tyndall to work out any experimental result so far as 
possible, " so that the mathematicians may be able to take 
it up." Much good would accrue to the training of school
boys if scientific results could be so left that mathe
maticians, even mathematical schoolboys, could " take them 
up." Prof. Forsyth 2lso quoted from the regulations for 
the Mathematical Tripos to show that settled thought at 
Cambridge is in harmony with the spirit which animated 
the joint committee whose report was before the 
meeting. He pleaded for patience in early years of 
growth-" go gently, and you will go safely; go safely. 
and you will go far." It was plain from the speeches of 
Mr. Godfrey and Mr. Jackson that the committee had 
exercised much restraint, and that it had deliberately erred 
on the side of caution in the changes which were 
recommended. 

Sir J. J. Thomson said exactly what was wanted. HP
amused the meeting by his description of the student at 
Cambridge who wanted a kind of physics that would not 
give a headache to a caterpillar, and of the delight and sur
prise of the mathematician at finding in the laboratory that 
the formula, on which he had been working for many years 
bore some approximation to truth. He hoped the effect of 
the report would be to increase the belief of mathe
maticians in applied mathematics. In schools, mathematics 
and physics should go together almost from the beginning. 
It was nece;;sary to make men believe in their mathematics. 
Was it necessary that mathematical masters should teach 
so little mathematics? 

\Ve .have dwelt upon some of the weak points because, in 
our view, the present condition of mathematical teaching 
in schools calls loudly for reform, in which the Mathe
matical Association should take the lead. But it would Le 
utterly unfair and untrue to describe either the report or 
the meeting as less than a success. Prof. Forsyth paid a 
well-merited tribute to the committee for the careful 
inquiries it had instituted and carried to completion, and 
tor the practical character of its proposals. The meeting 
was crowded, and there was no hint of opposition to the 
work of correlation. The following resolution was passed 
without dissent and with heartiness :-" That this meeting 
is in sympathy with the attempt embodied in the present 
report to correlate more closely the teaching of mathematics 
and science.'' 

The principal feature of the Science Masters' meeting 
was .the president's address, entitled "The Future of 
Science in .our Schools-their Complete Re-organisation a 
Necessity." Prof. Armstrong said that the men most 
competent to take charge of the schools in the future 
would be the science masters. it being their business to 
study method and to be practical, therefore to solve 
problems and to lead. Referring to compulsory Greek, he 
declared that Oxford insists upon lowering the moral tone 
of entrants upon university life by enforcing a test which 
is known to be farcical and futile, known to be one which 
spoils young lives in preparatory schools ; and doctors of 
divinity in charge of our schools smile blandly at such 
proceedings. 

The teaching of science in our schools should consist 
primarily of instruction in the art of inquiry. Our failure 
to make science teaching effective is due to a misunder
standing of what an experiment is. To speak of showing 
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an experiment is a negation of terms-actually, a demon
stration is given. Moreover, we begin too late; the child's 
desire to observe and experiment, to reason on the basis of 
observations made and from the results of experimental 
inquiry, must be fostered in every way. Mr. Lyttelton, 
in " Schools and Schoolboys," proposes that there should 
be no " science proper " in the earlier years of school life. 
" My contention," said Prof. Armstrong, " is that there 
should be little else than proper science ; but then my 
definition of science is ' the business of knowing.' " 

In order to develop the right attitude of mind in our 
pupils, we must despecialise our science teaching as well as 
our curriculum as a whole. Work must begin with prac
tical arithmetic, dealing with materials of natural origin 
and ready to hand. The natural history of the garden 
pebble may provide the first steps in geology, physiography, 
and physics. vVhen common materials have been studied
mainly from the physical point of view-it will be time to 
lay the foundations of chemical belief, and the rusting of 
iron (leading to combustion) and the study of limestone 
(leading to acidic and alkylic oxides) provide a good 
approach. The conception of structure should be developed 
hy the thorough study of alcohol (leading to food and its 
functions). Plant life, and, later, human anatomy, should 
be studied, nor should Darwin's work be neglected. Every 
person of intelligence must be able to appreciate common 
natural objects and phenomena. Since the work must he 
done by the boys themselves, a revolution in school pro
cedure will be needed, and science masters should be 
revolutionaries. 

Our space does not admit further excerpts from this 
comprehensive address. We endorse many, but not all, of 
Prof. Armstrong's opinions; we give him cre(iit for rende;·
ing to the association the service most needed at the present 
hour. Nothing can better promote educational efficiency 
than to force schoolmasters into a position of preparedness 
to give a considered judgment upon the broader issues 
involved in the organisation of curricula and methods-what 
to teach, why to teach it, and how. If teachers cannot 
become professionally articulate, these questions will be 
decided by amateur or professional organisers without their 
guidan:::e and with disastrous national results. 

The programme of the meetings was as follows :
January 12, Mathematical Association :-President's 

address, by Prof. H. H. Turnr.r; (2) Mr. C. Godfrey on 
different methods of teaching algebra for different classes of 
students; (3) Prof. P. J. Harding on elliptic trammels and 
Fagnano points; (4) Mr. W. J. Dobbs on an inexpensive 
balance ; (5) Rev. J. J. Milne on the geometric interpreta
tion of homographic equations and their application to loci ; 
(6) Mr. T. J. Garstang on alternatives to Euclid's parallel 
postulate. 

Mathematical and Science Masters' joint meeting:
(1) Address from the chair by Prof. Forsyth; (2) report on 
correlation of mathematical and science teaching, presented 
by Mr. C. Godfrey and Mr. D. Berridge. 

January 13, Science Masters' Associat;on :-(1) President's 
address, by Prof. H. E. Armstrong; (2) Mr. J. R. Eccles 
on simplification of symbols in physics text-books; (3) Mr. 
L. Cumming on advisability of. teaching all boys the 
elements of geology and biology; (4) Mr. W. E. Cross on 
laboratory equipment and design ; (5) Mr. F. M. Oldham 
on the teaching of oxidation and reduction. 

There was an exhibition of apparatus and books. The 
apparatus of leading firms displayed steady improvement in 
working qualities, and received considerable attention. Sir 
E. Ray Lankester is the president-elect for the year 191 r. 

G. F. D. 

NORTH OF ENGLAND EDUCATION 
CONFERENCE. 

THE conference which met on January 6-8 in the· 
buildings of the University of Leeds, under the presi

dency of Sir Nathan Bodington, Vice-Chancellor of the 
University, was the eighth of a series of meetings which 
have been annually convened in the larger centres of the 
north of England. There was a large attendance of 
teachers, administrators, and members of education com
mittees, the total falling little short of 2000 persons. The 
publishers' exhibition in connection with the conference 
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