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In my previous lectures I have been discussing the different kinds of scientific activity 

we encourage in Britain. In coming now, in this last lecture, to science and education, 

I turn from actual achievements to the training of the young people whose 

achievements are still to come. I have spoken as a champion of specialisation; I have 

also mentioned the personal satisfaction that can come from specialising in a rapidly 

developing subject like science. Specialisation alone, however, is not enough. I 

therefore do not intend in this lecture simply to discuss the education of the scientist 

as a scientist, but the education of the scientist as a whole man.  

 

On the subject of education, people speak with many different voices. Yet there are 

some things to be said about it that would find fairly general acceptance, especially 

among men of science themselves. I have identified adaptability as one of the 

essential qualities we must try to foster in our training of scientists. Here I mean 

adaptability in its widest sense—not only the ability to make the leap from pure 

theory to practical application, but also the ability to communicate and cooperate with 

men of different training and interests. It is not enough for a scientist to be able to deal 

effectively only with the ideas and devices of his own trade.  

 

It is in this particular connection that many people—and I am one of them—feel there 

is a certain danger in the narrowness of the education many of our scientists at present 

receive. It is felt that many are educated exclusively as professional scientists, in a 

way that may be a disadvantage to them as human beings and may, at a later stage, 

even impede the effective deployment of their scientific talent. The relief and 

enrichment of our human situation that we need, and so largely look to science to 

provide, will be possible only if we can maintain, all along, mutual respect and 

fruitful contact between the scientist and those who labour in different fields.  

 

We must therefore be constantly on our guard against the dangers of scientific 

isolation, which arise in part from the remarkable pace of scientific progress. Every 

day there is so much to be learned, so much more to preoccupy the serious student. 

My own subject of physics has actually doubled in content in my own lifetime. And 

this rapid development never waits. That great Dutch physicist, H. A. Lorentz, once 

remarked, at an international scientific conference in Brussels, that even while the 

congress was engaged in discussing a problem some scientist in some far-off land was 

probably at that moment finding its solution.  

 

Moreover, we must not think that this swift progress of science affects only the years 

of formal education. It remains with a scientist throughout his working life. For one 

thing, think of the positive spate of scientific papers now being published, and the 

difficulty of keeping abreast with progress even in one’s own limited field, not to 

mention the administration of large laboratories with their complicated equipment. 
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The contrast of today with long ago is striking. One thinks of Galileo, exiled from 

Florence to his lonely tower; of Newton—if the story be true—meditating in his 

orchard; even of the quiet and equable life of Charles Darwin. Significant 

achievement was then possible under conditions in which a poet might dream or a 

philosopher reflect. In the modern world the pressing demands on the scientist of 

professional life are of a different order. Their effect is not only that he may feel 

obliged to forgo certain liberal human activities—the opening of other windows of the 

mind by general reading and conversation; what is more serious is that he may never 

acquire the capacity to see his own subject of science against the background of man’s 

life and progress, past and present; and that, to me, is the heart of the matter. For a 

scientist should be prompted by the desire to relate science to other things than 

science, to the world in which science is used, to the values of a civilised society. He 

should feel a sense of human responsibility for the work he does, just as much as a 

personal sense of achievement in doing it.  

 

Thus, even before coming to the mechanics of the formal education of the scientist, 

the need for his specialisation had to be broadly based, the mountain peak of his main 

discipline being surrounded by foothills of kindred interests. If both peaks and 

foothills are set on a plateau, expressing still wider sympathies and pursuits, so much 

the better, However, I am much less concerned with teaching the young scientist a 

great deal about subjects other than his own than with encouraging him to adopt an 

open and receptive attitude towards them. What is often spoken of as ‘liberal culture’ 

cannot be superimposed on a scientist by adding a couple of arts subjects to his main 

curriculum. It can be attained, in the small mess: ire that any of us attain it, only by  

being slowly acquired over a long period of years, through Our own expanding 

interest in the present, supported by the accumulated wisdom of the past. The most, 

then, that can be achieved for the student is to encourage the right attitude; which is 

not a turning away from these things but a readiness to turn towards them, both while 

he is a student and in after-life. After all, education does not cease with graduation.  

 

 

Functions of Teaching Institutions  
In approaching the subject of science and education we must try to identify clearly the 

functions of the different teaching institutions involved. For there is no single way to 

educate a scientist. Schools’ courses may lead either to the technical colleges—of 

which there are many different kinds—or to the universities. And there is nothing 

final about a certificate or a degree, for a vital part of the training of many young 

scientists is available only at a later stage—within industry itself. In my view, 

therefore, it is essential for a school or a college or a university to know where to set a 

limit to what it can teach effectively and usefully. There can be waste of effort, and a 

good deal of inferior teaching, if one institution strays into the province of another. 

The school, it seems to me, should give at least some scientific instruction to all its 

pupils, whatever their later school careers may turn out to be. This should be directed 

towards exciting and holding their interest in science, both as a process of discovery 

and as an influence on human welfare. This does not involve specialisation, even 

though it may stimulate many pupils to want to go deeper. Specialisation itself in 

science should not begin before the sixth form, and even at that stage it is premature 

to encourage any undue narrowing of interests. However, when scientific 

specialisation does take place in the sixth form, the pupil gains enormously if he is 

taught by a scientist of wide knowledge and interests—by someone who can induce 
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his disciples to look outwards as well as inwards, and even, at that stage, can point the 

place of science in the pattern of human society. Here let me add this: I believe that 

the basic foundation for what is called a liberal education derives more frequently 

from the personal influence of other people, in the home and at school, than from 

formal courses of instruction.  

 

We have all heard much about the difficulties in the way of science teaching in 

schools—shortage of staff, lack of space and equipment. I do not want to labour these 

difficulties, real as they are. I realise that one reason for the shortage of science 

teachers is that there are nowadays so many other attractive careers, outside the 

schools, that are open to the scientist Then there is the unfortunate fact that many 

young science graduates have come to regard teaching as a disgruntled profession and 

therefore an uninviting one. It may seem like that from the newspapers; it does not 

seem like that when you talk to a science master about his own pupils and their 

promise. But let me mention certain other features of the school situation—features 

which are wholly encouraging. in Britain, in recent years, there has been an annual 

increase of about 5 per cent, in the number of pupils staying on, after the age of 

fifteen, to complete their education in the higher forms of schools. That is one point: 

another is that, of all the pupils in the sixth forms of schools, just over 50 per cent. are 

now specialising in science. This means not only that there will be more recruits to the 

scientific professions, but also that a higher proportion of our most talented young 

people will in future be found among the ranks of the scientists.  

 

 

National Service and the Universities  
National Service is a complicating factor. My own view is that for those who intend to 

enter a university, National Service is best done immediately after school. I hope my 

Service friends will not feel I have got things wrong when I say that National Service 

seems to me more a continuation of school than of university life. There are some 

men who derive little benefit from it; and for them the best place to make the difficult 

adjustment back to civil life and their chosen career is in the atmosphere of a 

university. But many do benefit a great deal, more than they themselves often realise; 

and the fresh touch of self- confidence and general awareness they bring back will be 

more useful to them in their years at the university than in any other period of their 

lives.  

 

Coming now to our potential recruits to technical colleges and universities, the 

number of school pupils staying on to reach the senior forms shows a healthy 

increase, but it still represents only about 10 per cent of the particular age group. 

Moreover, about 70 per cent of all our school pupils go to secondary modem schools 

in England, or junior secondary schools in Scotland, leaving at the age of fifteen; and 

many enter unproductive trades. Here, surely, is a reserve capable of supplying more 

of the technicians and technologists we need. For our aim should be to recruit, for 

science, from the undeveloped resources at our disposal.  

 

It is to the technical colleges that we must look for the training of many of our 

technologists and of all our technicians and craftsmen. Even allowing for the 

differences in population, we are being surpassed in these matters by both Russia and 

the United States, at any rate so far as numbers are concerned. Incidentally, can we 

take a hint from the fact that in Russia about 25 per cent, of their engineers are 
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women? But our need for expansion in scientific and technical education does not 

merely rest, on what other nations are doing, or even on what they are intending to do. 

Ours is a case on its own. Our requirements arise from the special place of 

manufacturing industry in our whole economy and the urgent need to bring that 

industry to the highest pitch of efficiency. It has already been decided that a number 

of our technical colleges should be upgraded to colleges bf advanced technology. This 

means that they will join the ranks of those other colleges which offer courses up to 

university honours standard. This is a welcome move, and I hope it will secure for the 

colleges the prestige they deserve.  

 

But expansion at the top, by itself, is not enough: so it is the broadening of the base 

that is next required—a big increase in the number of students taking courses up to 

the level of National Certificates. Especially must we do more to improve the 

opportunities for the large section of the population who are already in industry, doing 

jobs which are really below their potential capacities. This means, in particular, 

providing a more flexible system of further training for the multitude of workers on 

factory shop floors, in laboratories and drawing offices— so that they can take over 

more of the scientific work of industry. It is not only in the country’s interest that 

there should be no concealed wastage of talent: it ‘is greatly to the individual’s 

advantage that the chance of developing his abilities should be open to him. In this 

country we have been pioneers in respect of the so-called ‘sandwich course system, 

which usually means spending six months of the year at a technical college and: six 

months back in industry—or, if you like, ‘learning while earning’. It is a good system, 

for there is much to be said for working one’s way up slowly, acquiring both technical 

qualifications and practical experience as one goes along.  

 

 

Task Before Technical Colleges  
The responsibility that lies on the technical colleges for carrying out their share of the 

whole varied programme for strengthening our scientific effort in industry hardly 

needs stressing. We are not only asking them to deal with greater numbers; we are 

also looking to them for a greater range and depth in the kind of education they 

provide. I have drawn attention in an earlier lecture to the way in which what used to 

be the sphere of the inventor—the occasional perceptive genius—is being invaded by 

the ordinary routine accomplishments of the technologist and technician: that is why 

we want the technical college to provide a wide and soundly based training in the 

principles of science, supported by insight and adaptability as well as knowledge. 

With the growing complexity of modem machines and the constant introduction of 

new materials and techniques, it is necessary for even the craftsman to understand 

why a thing is done, as well as to know how it is done.  

 

The technical colleges will have a strenuous time in meeting all these demands and I 

hope the Government and the country will support them. We must get teachers and 

students flocking into them, and that implies many things—a liberal attitude towards 

grants for building and maintenance, the admission of many more women students, 

and in all respects the naive co-operation of industry. Otherwise the programme of 

expansion will drag its feet. This is a vital part of our national effort in technology and 

we must be ready to go all the way with it.  
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There have been recent disquieting reports about the way young people are holding 

back in this matter of technical education, and how so many of those who start their 

courses fail to complete them. We need teachers of high quality to convince these 

young folk of the practical importance of their technical studies; while parents should 

exert all the influence they can to safeguard the long-term interest of their own 

children in such matters. As the White Paper on Technical Education so pointedly 

says: ‘If father and mother cannot see the advantage of further education, it is a brave 

child who goes against their wishes’.  

 

In an earlier lecture I have spoken of the university as a citadel of pure science—of 

science for its own sake. But a modem university also provides courses in applied 

science for which it needs its departments of technology, its engineering workshops, 

its drawing office and, in some cases, its contact with local industry. However, a 

university training in science of any kind should be largely concerned with its 

theoretical basis—with the general, rather than with the particular. There must be no 

attempt to invade fields of practical knowledge which are better mastered later, in 

industry or elsewhere, alter graduation. Indeed some firms in industry openly declare 

that they even prefer their own scientific recruits to have graduated in pure science 

rather than in some technology which might, nominally, appear more appropriate. As 

for the building of an industrial research team, it is usually best to have a mixture of 

graduates in both pure and applied science.  

 

Although we may be relatively behind some other countries in our education of 

technologists, judged from the standpoint of numbers, we have been significantly 

ahead of most of them, at any rate in the past, in the corresponding figures for pure 

scientists. The other feature of our educational policy is that we try, even in 

technology, to limit the ambit of our courses, at least in our formal teaching. Really 

specialised work— take the details of steam turbine design, for example—we would 

expect an engineer to learn as part of his industrial training; whereas, “ other 

countries, it may well be taught to him formally as part of his college or university 

course. Obviously it is a question of where you draw the boundaries. We have our 

own way of doing things and think it best Incidentally this means that our qualifying 

courses are often shorter, by as much as one or two years, than those of other 

countries.  

 

On the subject of numbers, it would be a pity if an increase in our numbers of applied 

scientists, came about by the depletion of those taking pure science. Though I would 

hope that, as our university student population increases, as we know it will do during 

the next decade, there will be a more than proportional increase in students taking 

science as a whole, and especially on the applied side.  

 

As to the need for the development of the scientist as the whole man, the need to cake 

all the steps we can to diminish the admitted danger of specialisation: it seems to me 

that it is in a university that we have the best opportunity of achieving this. For a 

university is a place of intellectual roads and bridges; it provides the student with 

opportunities for contact with other minds and other disciplines. I am thinking here 

particularly of the contact of student and student—contact which is rendered easy and 

natural by club facilities, student societies and, above all, by life in a college or other 

hail of residence. For, to my mind, university students educate one another as much as 

they are educated by their teachers.  
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I have already hinted at the need for further formal courses for the scientist: courses 

that are not generally offered by universities and other institutions of higher 

education; courses that include the history of science, not as a mere catalogue of great 

names and discarded hypotheses but as a vivid picture of scientific activity in relation 

to its own times, a picture showing the place of science in a complex bigger than 

itself, the complex of civilisation. Thus I want to see in the education of the scientist 

an enlargement, in width, of his interest in his own subject. This should be a natural 

development, growing out of a central concern with one subject; it should not be an 

artificial addition of other subjects as remote as possible from his own. But there are 

limits to what can be done in this connection. We cannot expect the young scientist 

also to become the complete master of such subjects as sociology, economics, history, 

politics, and philosophy, but we can seek to foster his appreciation of the way his own 

subject is related to them.  

 

Throughout these lectures I have been discussing the need for communications—

communications of all kinds. I have also stressed the need for relating science to the 

wider world of human values and beliefs. But to deal responsibly with science 

involves complete understanding. For only through understanding can we master and 

control what we discover. Our aim, in education, should therefore not be simply to 

learn everything there is to learn but to assimilate the knowledge we have already 

gained, to bend it to our human purpose and to live in quiet and fertile possession of 

it. I speak in this way because none of us is unaware of the perils we have incurred by 

the sweeping advances of scientific knowledge. Modern science is perhaps the most 

powerful instrument that men have yet forged for themselves in their long common 

adventure. And, because of its power, it is capable—like other achievements of 

mankind in the past—of creating conditions in which many of the fairest and most 

precious things in life are withered and destroyed. It is a weapon that can only too 

easily be turned against the dignity of man. I refer here, not only to the deadly 

sharpening, by science, of weapons of war, but to the gradual encompassing of our 

lives by machines, the replacement of skilled hands by material devices, the 

impoverishment of all that is personal and individual that could occur as we move into 

an age whose achievements are more and more technological and material  

 

These, I hope, are words of warning rather than of prophecy. But it is well to remind 

ourselves that modern science is our own creation; it js for us to ensure that we remain 

its master and do not become its servant. If, indeed, we stand in danger of being 

destroyed, or even enslaved, by it, this can be only through our own indifference and 

ignorance. For to understand whatever we are doing is, at the same time, to cast out 

any fear of it. When we have understood a thing we have reduced it to manageable 

proportions, brought it, as it were, to life-size: in a word we have humanised it. This is 

surely the highest function of education in relation to science—to teach us not to 

accept blindly and not to recoil blindly, but calmly to understand and control. 

 


