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Plower's survey of tho requiremenLs of Lhe universities, and 
he again expressed his concern that our choice of priorities 
might be wrong. Lord Shorfiold thought manned space 
research was an example of the fields in which we could 
uot compete. Ho urged that iu the choico of priorities we 
should build on success a,nd give priority in resources to 
advanced fields in which wo were either still in the lead or 
among tho lon.ders, instancing nuclear research and tech
nology, fusion research, radiochemistry, radio astronomy 
and important areas of the biological sciences, as well as 
some sectors of aviat,ion. He also emphasizfld the impor
tance of iuterrni.tio1ml co-opflmtion, oit,her with single 
countries as with France in the Concord project, or with 
groups of countries as in the organizations already 
instanced. He suggested thnt some countries might tend 
to support their national programme rather than their 
share in au international programme to which thoy were 
also committod and for this rom,on he preferred a national 
effm·t. He thought our organization of research was 
soundly based, but regretted that the Industrial Research 

and Development Authority recommended by the Trend 
Committee had not been adopted; he believed that 
the establishment of a Ministry of Technology was a 
mistake. 

Lord Todd also offered a warning against excessive com
mitment to space research and thought that the advan
tages coming from technological fall-out were exagger
at,fld. Britain should either support technology with a 
definite economic aim or support primary scientific research 
rather than projects in which advantages were reaped 
from technological foll-out. She must beware of putting 
too much manpower into scientific research and too little 
of it into pursuit of technological ends; it was imperative 
that some hard choices be made which would lead to 
Britain opting out of some fields of science. He thought 
we would undoubtedly have to double our present expendi
ture on scientific research during the next five years, that 
is to say, there should be a grvwth rate of about 15 per 
cent per annum during that period; any cut in this would 
seriously endanger Britain's position as a leading nation. 

EARNINGS OF CHEMISTS 

AN arLicle in Olwni-iAitry in Brit,ain for October 1965 
rt commenting on tho remuneration sm·vey, 1965, 
conducted by the Royal Institute of Chemistry, gives some 
interesting comparisons of tho earnings of chemists with 
those of other professional people and scientists. Figures 
for 10 professions iu 1964 are given by J. Graham in a 
series of articles for The Scotsman. Tho average median 
earnings of chernists in Great Britain between the ages of 
30 and 65 are shown by the survey as £2,650 in. 1965 
compared with £1,600 in 1956. These figures compare 
with figures for universit,y teachers in 1964 and 1955 of 
£2,350 and £1,500, respectively. For engineers tho corres
ponding figures arc givon as £2,200 and £1,210; for 
graduates in industry £2,575 and £1,570; for doctors 
(consult,111ts) £4,000 aud £:l,130, and for general prac
tiLioners, £2,765 and £2,160. Figures obtained in a survey 
by the Institute of Physics in i964 showed that salaries 
of its Fellows and Associates had risen by just over 72 per 
001tt in tho nine years from 1956, compared with a corres
ponding rise for chemists over the same pori.od of 66·3 per 
cent. A typical Fellow of tho Institute of Physics can 
oxpect to roach a peak of £3,400-£3,500 a year, compared 
with £3,100-£3,200 for a Fellow of the Royal Institute of 
Chemistry. Looking at the earnings of chemists in various 
occupations, privat,e industry no longer leads the field; its 
highest median salary of £3,100 in the 56- 60 ago group 
coming third, behind 11niversit,ies and colleges of advanced 
technology (£3,460) and £3,150 in the Atomic Energy 
Authority. Starting salaries in tho Soient,ific Civil Service 
appoar to bfl outstandingly high, presumably because of 
more recruitment direct into the Senior Scientific Officer 
grade, a1Jd the subseqU(:nt prospents also seem to bo better 

than in most other categories of employment. This 
closing or narrowing of the gaps between medil:'n incomes 
in industry and those in other occupational catogories is 
part,ieularly interesting in view of current discussions on 
the possible shortage of scientists. It should be remem
bered, however, that chemists aro not a particularly 
unified group and are engaged in a very wide range of 
diverse activities, which sometimes have only a tenuous 
connexion with their qualifications. 

A further article in the November 1965 issue of 
Chemistry in Britain comments that chemistry appears to 
bfl about middle of tho professions surveyed and that it 
would appear that the median income levels in all the 
professions are tending to move closer together: a rela -
tivoly small change of pac0 in relation to tho general 
forward movement of incomes could drastically alter the 
position. Chemists Etill do considerably better financially 
in some fields of cmploymont than in othors, but such 
differences also seem to be diminishing. The very low 
proportion of chemists (0·5 per cont) reporting they were 
unemployed does not suggest a surpluf', and of the 55 out 
of 10,459 without employment, only 29 had beenoutofwork 
for more than 3 months, 13 of whom wore under 40. While 
the earnings of older chemists have not increased suffi
ciontly to preserve thfl differential between them and 
their younger colleagues, tho survoy encourages the belief 
that most chemists whose employers regard them as 'too 
old 1\t forty' have a good chance of finding one who does 
not. Tho Sttrvey also shows that any movement of 
chemists away from industry has been comparatively 
small, although most of tho decline, from 59·6 per cont in 
1956 to 55·5 per cont in 19!l4, occurred in 1962-65. 

'O'-LEVEL EXAMINATIONS 

FOUR years ago R. ,v. Crossland and R. Amos presented 
an analysis of 'O' -level papers of tho General Certificate 

of Ednmttion (G.C.E.) in biology of four Boards over 
the period 1948-59. Tho analysis was an attempt to 
quantify the emphasis placed on four main outcomes 
of biology teaching in the contents of the question papers, 

Theso outcomos are: (1) the acquisition of facts, (2) the 
i 1\torprotation of foot,s 11nd tho drawing of conclusions from 
experiments, (3) the application of scientific principles to 
new situations, (4) the designing and planning of experi-
1nents. 

Late in 1962 a similar analysis of the corresponding 
papers was made for the period 1960-62 and more recently 

tho analysis was brought up to date by including tho 
papers for 1963 11nd 1964 "'. Tho results of the three 
analyses are here shown separately, and, for comparison, 
the corresponding figures for th0 othor sciencfl subjects 
aro also shown (Tnblo 1). 

The analyses show the relative proportions of acquisition 
of facts and scienLific meLhod for the various sciences at. 
'O' lovol. Biology papers devotfl about 90 por cont of 
questions to facts. Thero a.re those who hold that one 
needs to know a good many biological facts before on0 
can do much reasoning. Th0 authors suggest th11t th0 
Nuffield Foundation. Teaching Project and similar pro-

• Jliol. Httm. Affairs, 38, No. 3 {1965). 
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Table L CoMPARISON OF THE MEAN PERCENTAGES OF EACH OUTCOME IN 
BIOT,OGY, GENERAL SCIENCE, CHEMISTRY AND PHYSICS PAPERS, '0'-LEVEL 

G.C.E. 0~' FOUR BOARDS, 1948-64 

Northern 
Universities Welsh Cambridge Oxford 
'48 '60 '63 '48 '60 '63 '48 '60 '63 '48 '60 '63 

BIOLOGY '59 '62 '64 
(1) Acquisition 

of facts 78 84 93 
( 2) Interpretation 2 1 2 
(3) Application 1 1 2 
( 4) Experimental 19 13 3 

GENERAL SCIENCE 

'59 '62 '64 

90 91 92 
0 0 0 
0 0 5 

10 9 3 

'59 '62 '64 

84 89 91 
0 1 5 
1 4 0 

15 7 4 

'59 '62 '64 

85 85 85 
0 7 7 
4 3 3 

12 6 5 

( 1) Acquisition 58 53 60 78 82 68 63 70 66 71 
(2) Interpretation 14 25 13 5 3 797 610 
(3) Application 19 13 19 9 
(4) Experimental 8 9 8 8 

12 12 19 18 15 16 
:l 13 10 5 14 4 

CHEMISTRY 
( l) Acquisition 
(2) Interpretation 
(3) Application 
(4) Experimental 

PHYSICS 

52 68 73 
8 9 8 

17 11 16 
24 13 8 

50 53 60 
4 10 1 

11 18 32 
26 20 7 

(1) Acquisition 43 41 54 40 36 36 
(2) Interpretation 8 10 1 5 7 2 
(3) Application 38 36 38 39 50 58 
( 4) Experimental 12 14 7 16 9 4 

48 48 64 
12 
12 37 25 
28 16 11 

39 34 30 
3 10 

34 45 62 
25 12 8 

64 57 57 
5 2 2 

14 21 26 
17 20 15 

40 52 46 
5 4 2 

38 33 45 
18 12 7 

jects in Britain and the United States will develop new 
teaching techniques which will also show how to give 
young pupils an understanding of the nature of the 
scientific process. 

To-day the goal of mastering the factual content of a 
subject is not sufficient; there are other goals and needs at 
all levels of learning. The teaching of facts and method 
may go hand in hand. It is how the facts are learned and 
organized that makes a difference. Science is most 
effectively taught and learned when both pupils and 
teacher practise scientific investigation-when they 
devise experiments to solve problems and improvise 
simple apparatus for carrying them out. 

One would expect general science, chemistry and physics 
papers to have smaller percentages of factual questions, 
because it has long been the standard practice in the 
teaching of physical sciences to apply scientific principles 
in numerical problems. About 20 per cent of the general 
scienoe and chemistry papers and 40 per cent in physios 
are devoted to 'Application'. But, in general, these 

problems are formal and stereotyped and amount to 
little more than a memory test. There is no real, new 
scientific problem to solve. 

About 20 per cent of chemistry papers and slightly less 
percentages in the other scientific subjects deal with 
experimental work. Hore again, this is rarely more than 
memory work, dealing with hoary experiments and 
demonstrations which have been thoroughly rehearsed. 
Rarely is a candidate expected to show imagination and 
ingenuity in devising experiments to test hypotheses 
which are new to him. 

In their article, Crossland and Amos provide further 
evidence to show that scientific method is virtually 
ignored in 'O' -level science courses. They discuss the 
implication of this deficiency for the education of all pupils 
and make suggestions for a shift in emphasis from mere 
memory work towards some appreciation of scientific 
methods in 'O' -level examinations. 

The syllabuses in biology, general science, chemistry and 
physics of the nine General Certificate of Education 
Examining Boards were also examined. Ap,irt from one 
Board, the Oxford and Cambridge, references to scientific 
method in biology, chemistry and physics arc limited. In 
biology they are confined to a training in observation and 
recording; "Biological knowledge should be based- on 
observation of living plants and animals both in the 
laboratory and out of doors" is typical. Practical work in 
physical sciences is meant to give a training in skills and 
techniques, and in carrying out directions. In general 
science there are clearer signs that scientific method should 
be taught; for example, in the Cambridge syllabus we 
read " ... the student should be led to some appreciation 
of scientific principles and methods by which they have 
been established". But the one Board which comes 
nearest to the treatment of scientific method is the Oxford 
and Cambridge. In its biology syllabus it states: (1) 
" (candidates) expected to draw conclusions from 
simple experiments which they perform". (2) " . . to 
understand the necessity for control experiments". (3) 
" ... questions . , . which test powers of observation 
and reasoning of candidates". The general conclusion 
to be drawn from a study of the syllabuses is that only a 
limited amount of scientific method is expected at 
'O'-level. 

FUEL UTILIZATION 

FUEL utilization is often regarded as the Cinderella of 
industry. Industries such as aircraft, motor cars, 

electronics and computers regard the designers of com
bustion chambers, boilers and furnaces as belonging to a 
comparatively primitive and unenterprising sector of 
industry. Such a view is only justified to the extent that 
the very small profit margins of old-established industries, 
which were in existence at the very beginning of the 
industrial revolution, allow only a small fraction of their 
annual turnover to be spent on research and development. 
In the case of units such as power station boilers or blast 
furnaces, each of which costs hundreds of thousands, if 
not millions, of pounds, the difficulties of developing a 
radically new and better design are immense, and unless 
there is a co-ordinating nation.al development programme 
it is impossible to undertake the development of a greatly 
improved new type of appliance. ·work with small 
pilot plant for such a new idea costs tens of thousands of 
pounds, and work with large pilot plant, which is essen
tial to give answers to the economic questions of capital 
cost, reliability and required quality of constructional 
materials, costs in the range of hundreds of thousands of 
pounds. 

It is, therefore, particularly timely and of national 
importa'1ce that the Institute of Fuel should luwe devoted 

the whole of a four-day conference to fuel research and 
development*. 

The first paper in the conference was a directory of 
organizations carrying out research and development, 
This covers industrial firms and research organizations 
of the fuel industries, and ranges from small individual 
burner-makers up to organizations like Imperial Chemical 
Industries, Ltd., and Shell. Strangely enough, it does not, 
however, include any work done by universities and 
technical colleges, a number of which are doing valuable 
work at the small pilot plant and bench scale stages of 
applied research. Tho authors of the directory conclude 
that about 2,900 graduates and 5,000 non-graduates are 
working in the organizations covered by their survey and 
that the annual expenditure on fuel research and develop 
ment excluding nuclear energy is just under £20 million. 
If we take it that tho national annual fuel bill is of the 
order of £2,000 million, this comes out at 1 per cent, 
a very much lower figure than would be found in the more 
rapidly changing industries. 

The first main session of the conference dealt ·with the 
organization of a research department, e.nd the papers 
covered a number of interesting points, including French, 

• Institute of Fuel. Proceedings at the Conference on Fuel Research and 
Development held at Eastbourne, 4th to 8th O<Jtober, 1965 .. Vol. 1: Papers. ]'p. 
~94. Conference Handbook. Pp. 14. (London: The Institute of Fuel, 1965.) 
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