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For many people, automation is a terrifying word. It conjures up visions of tyrannical 

machines reducing man to the status of a mere pusher of buttons or watcher of dials, 

and abolishing the need for human thought and judgment. I can sympathize with these 

fears, but I am sure they are unjustified. We are not destined to become a race of 

babysitters for computers. Automation is not a devil, a Frankenstein. It is no more 

than a tool, but a tool of such immense possibilities that no one can yet see the full 

extent of what it might achieve for mankind. These lectures, I hope, are some 

contribution to our thinking about these possibilities.  

 

Science and technology have come to pervade every aspect of our lives and, as a 

result, society is changing at a speed which is quite unprecedented. There is a great 

technological explosion around us, generated by science. This explosion is already 

freeing vast numbers of people from their traditional bondage to nature, and now at 

last we have it in our power to free mankind once and for all from the fear which is 

based on want. Now, for the first time, man can reasonably begin to think that life can 

be something more than a grim struggle for survival. But even today, in spite of the 

high standard of living which has become general in the more fortunate West, the 

majority of people in the world still spend nearly all their time and energy in a never-

ending struggle with nature to secure the food and shelter they need. Even in this 

elementary effort millions of human beings each year die unnecessarily and 

wastefully from hunger, disease, or flood.  

 

Yet, in the West, science and technology have made it possible for us to have a 

plentiful supply of food, produced by only a fraction of the labour that was necessary 

even a few decades ago. In the United States, for instance, one man on the land 

produces more than enough food to feed fifteen men in the cities, and, in fact, there is 

a surplus of food grown even by this small proportion of the American labour force. 

We have considerably extended our expectation of life. We have enriched our lives by 

creating physical mobility through the motor-car, the jet aeroplane, and other means 

of mechanical transport; and we have added to our intellectual mobility by the 

telephone, radio, and television. Not content with these advances, we are now 

thrusting forward to the stars, and the conquest of space no longer strikes us as 

Weilsian or Jules Vernian. And with the advent of the new phase of science and 

technology which we call automation, we have the promise both of greater leisure and 

of even greater material and intellectual riches.  

 

But this is not inevitable. It depends on automation being adequately exploited. We 

shall need to apply our scientific and technological resources to literally every aspect 

of our society, to our commerce, our industry, our medicine, our agriculture, our 

transportation.  
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It is fascinating and encouraging to observe the development of this immense process, 

a process in which man appears all the time to be engaged in the act of creating an 

extension of himself. In his new technological successes this appears particularly true. 

He is extending his eyes with radar; his tongue and his ear through 

telecommunications; his muscle and body structure through mechanization. He 

extends his own energies by the generation and transmission of power and his nervous 

system and his thinking and decision-making faculties through automation. If this 

observation is accurate, as I believe it is, the implications are far-reaching. It might be 

reasonable to conclude that the direction of modern science and technology is towards 

the creation of a series of machine-systems based on man as a model. It might be 

useful to 4ceep this mental picture in mind in assessing the importance of automation 

now and in examining the role which I believe it is going to play in the future.  

 

Automation is that part of what I have called the ‘extension of man ‘which integrates 

all the sensing, thinking, and decision-making elements. In combination, they are the 

elements which produce the nearest we can get to that very efficient ‘machine’ we 

know as Man. Perhaps that is why there is still very little full automation anywhere in 

the world. As a machine, man is hard to equal, let alone beat. It may well be that it 

will take a long time before we get full automation, except in the simpler processes. 

Even so, the productive gains to be wrested from a limited degree of automation are 

so vast that we need not at this moment be too concerned about the later stages.  

 

 

The three ‘Cs’  

‘Automation’ has been, and still is, a greatly misused word, but its proper meaning, 

and therefore its implications, is gradually becoming better understood. Perhaps I 

could attempt an explanation, if not a definition, by saying that it is a concept through 

which a machine-system is caused to operate with maximum efficiency by means of 

adequate measurement, observation, and control of its behaviour. It involves a 

detailed and continuous knowledge of the functioning of the system, so that the best 

corrective actions can be applied immediately they become necessary. Automation in 

this true sense is brought to full fruition only through a thorough exploitation of its 

three major elements, communication, computation, and control—the three ‘Cs’. I 

believe there is a great need to make sure that some, at any rate, of the implications to 

our society of the three ‘Cs’ in combination are recognized and understood. That is 

the purpose of these lectures.  

 

It might help, to begin with, to consider one of the industries in which automation has 

already begun to establish itself—steel-making. Those who have seen a steel mill will 

know something of the variety of processes, from the blast- furnace onwards, which 

are interlinked before the final rod or sheet emerges ready on its way to an 

engineering shop or a motor-car factory. In order to make each of the departments in 

the mill fully efficient, you can control it by means of a computer, fed with all the 

information required to operate it. In the case of the blast furnace, the computer would 

need to be supplied with information about the raw material which goes into the 

furnace, the temperatures at which the furnace works, and the best way of dealing 

with the various ingredients.  

 

The operation of this part of the steel plant is a complex and highly skilled operation, 

requiring a great deal of knowledge, a great deal of integration of information and 
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rapid decision making, to make sure the furnace operates efficiently in relation to the 

next stage in the process. A computer can digest all this, make a very large number of 

intermediate decisions, and present the management staff immediately and 

continuously with all the information to enable them to take the final decisions that 

are necessary in order to operate the plant at maximum efficiency. The information 

and the decisions arising from it would be processed and then move on to the next 

stage, where again the specific circumstances of the operation would be digested, the 

best final decisions suggested, and the information processed and passed forward once 

more. At the same time, while the information moves from one part of the 

manufacturing unit to the next and is fully integrated into each new operation, the 

result of each change is fed back to the beginning and further adjustments are 

constantly made, so that the process throughout the whole plant operates efficiently. 

All the time, information and the actions taken by the computer as a result are also fed 

upwards to what we might call general manager computers, or perhaps I ought to say, 

in order to prevent misunderstanding, computers to assist the general managers, to 

help them to decide what variations if any in routine or organization would be 

involved in order to operate the various departments in a more efficient manner, in 

line with general managerial policy.  

 

 

Decision-making by computer  

Provided with this kind of assistance, the managers are free to concentrate on making 

policy decisions and on changing the decision of the computer if they feel the 

operation does not really make the best sense. Without automation, the manager is 

compelled to spend his time making a series of decisions on the basis of very limited 

information and a great deal of hunch or experience. The computer-aided manager is 

in a completely different position. Before he gets it, and even before he needs it, the 

information is processed or digested, all action which can be decided by the machine 

already taken, giving him the essential facts not as a rag-bag but in a clear-cut form, 

so that he may sometimes be faced with one, two, or three basic choices. He still has 

to make his selection of these choices, but he knows what the choices are and he is 

aware of the consequences of his choices in advance, because the computer allows 

him to test them. Before he makes his final decision he is very likely to ask the 

computer a question: ‘If I decide to do this instead of that, what will the consequence 

be?’ And he may then find, from the answer the computer gives him, that he has to 

refer the problem to his superior for a decision of a final nature. One welcome result 

would be that committee meetings and conferences could be made much briefer and 

much more business-like—and in many instances abolished altogether.  

 

I suppose it might be objected that automation would make the members of the 

management, at all levels, much more prisoners of the premises than they are at 

present. They could not, so to speak, nip out when they felt like it, if they had to be in 

more or less constant attendance on the information being fed to them by their 

computer. The answer to this seems simple to me. If they are employed to make vital 

and final decisions, it is reasonable that they should be on the spot to do just that. All I 

want to do here, is to remove a fundamental misconception that I am sure is widely 

held: automation does not in the least replace human decisions on important issues. It 

makes sure that the people who have to make these decisions have adequate pre-

digested information to work on. It is not a question of machines replacing men: it is 

largely a question of extending men’s faculties by machines so that in fact they 



 4 

become better, more competent men. if you want to see across the ocean, you must 

use radar. You cannot see across the ocean with a telescope: you have to use the most 

adequate tools for your purpose; the further you want to see, the more complex your 

tools have to be. In the same way, if you want someone thousands of miles away to 

hear you, you do not use a megaphone: you have to use telecommunications.  

 

 

Fear of Becoming Robots  

I suppose that most people’s basic fear of automation is that it is going to turn them 

into semi-human or sub-human types, into something close to robots. This is because 

they confuse automation with mechanization. Mechanization has sometimes given 

millions of people subhuman work to do. Automation does the exact opposite. A 

mass-production line is essentially a timing machine, which moves goods from place 

to place in a given time. In that given time, a man has to be available to perform a 

given task. He is in fact in many ways a slave of the machine. It fixes his time and 

fixes his movements, and he has to produce a series of semi-intelligent mechanical 

motions to keep the machine fed and moving. This is what I mean by saying that 

mechanization is his master. Automation, on the contrary, by being a self-adapting 

and a changing piece of mechanism, enables a man to work at whatever pace he wants 

to work, because the machine will react to him. Except in the simpler processes he is 

the master of the machine. The machine that forms part of an automated system is not 

predetermined: this kind of machine gives information and suggests a course of 

action, but it does not necessarily say ‘I won’t wait’. The computer produces a vast 

amount of information. It does not say ‘Now I must go on, and you must decide 

straight away what you are going to do, or else I shall break down’. It says: ‘I’ve 

made all the decisions right along the line that you have asked me to make and ‘here 

is the result. Now you’d better tell me what you want me to do next and I’ll very 

rapidly and accurately assimilate all the information you now want and give you the 

answers and you can then finally decide’. It does not say, in the manner of the old 

type of machine, ‘You must move a handle or-else I can’t go on’. Automation is the 

exact opposite of mechanization. The man in charge extends his faculties but remains 

himself. He does not become a slave. He stays in the centre of things and becomes the 

real master.  

 

This difference between automation and mechanization is extremely important. Let 

me give a somewhat homely illustration that I hope makes the point clearer. If you 

wanted to drink a cup of tea, following the principle of mechanization, this is what 

would happen. The direction in which your hand would move and the speed at which 

it would do so would be completely predetermined. It would move automatically and 

the handle would have to be in a particular position for it to be picked up by your 

hand, because in mechanization there would be no means of correcting any error. The 

cup would then move towards the place where it supposed the mouth to be. If your 

mouth was not there, because there was some error in the operation, the machine 

might well pour tea down your collar. It would not know it was doing anything 

wrong. This is what happened to Charlie Chaplin in Modern Times. The machine fed 

him blindly, because it was following a motion which was rigidly predetermined.  

 

Automation, on the other hand, is a system based upon what is called ‘feed-back’. It 

uses sensing devices, communication mechanisms, computing or deciding elements 

and control mechanisms. In our example of the tea-cup, if the same operation were 
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done by automation, the eye, which is a sensing element, would communicate with 

the computing or brain mechanism, telling it exactly where the cup was, where the 

hand was, and where the mouth was: it would then continuously signal the position of 

the hand, all the time it was moving towards the handle. The computer would 

calculate the necessary corrections and instruct the control mechanisms, to make sure 

the hand moved accurately towards the handle, the sensing mechanism of the eye 

continuously observing and sending back information on the progress that was being 

made, to the brain. In its turn, the brain would signal to the control mechanism the 

adjustments necessary to obtain the optimum result. At the same time another sensing 

device, the finger, would determine the temperature of the tea, allowing for the 

difference in temperature between the cup and its contents. The computing 

mechanism, the brain, would compare this new information with what was already 

stored in its memory, and then might signal back that the tea was still too hot, or it 

might compute the delay which was required before the tea was ready to drink. 

Furthermore, the eye might register that the cup was too full and that if it were moved 

at too great a speed it would spill. The hand would then be instructed by the computer 

to move the cup at a pace so designed that it would arrive at its destination at the right 

temperature and without spilling.  

 

This is automation. You will note that it produces what we call the ‘optimum result’, 

and this is why automation marks such a significant step forward in manufacture, 

commerce, and indeed in every activity where moment-to-moment decision matters. 

The word ‘automation’ has unfortunately gathered so many wrong and half-wrong 

associations that I myself have become wary of using it—or, at any rate, wary about 

to whom and in what context I use it. I am dissatisfied with it, because it implies 

automaticity and automaticity implies mechanization, which in its turn implies 

unthinking, repetitive motion; and this, as I have just tried to show, is the exact 

opposite of automation. I myself prefer the word cybernation, because it deals with 

the theory of communications and control, which is what genuine automation really 

is. People here in Britain will probably get used to this word ‘cybernation’ eventually. 

As it is, we have undoubtedly a lot of education and re-education in front of us. I was 

talking to a man recently who said that automation was not new, that he had it in 

1934. I said: ‘How very interesting. What did you do?’ and he said: ‘Oh, we had 

automatic machines even then’. He was convinced that this was automation; and this 

was a relatively well-informed man.  

 

 

Unfortunate Connotation  

I have always thought it was most unfortunate that the word ‘automation’ was 

invented in the motor-car industry, in fact by a works manager at Ford’s in Detroit. 

He had decided that the whole scale of technological change was so vast that 

‘automatic’ was no longer the right word, so he went for something bigger and 

newer—automation. The word is only ten years old, but in these ten years it has 

unfortunately developed the connotation, not of cybernation, but of automaticity, and 

there is the greatest difficulty in getting rid of this unfortunate meaning.  

 

Most people would feel, with Charlie Chaplin in Modern Times at the back of their 

mind, that a car assembly plant represents everything they fear in the way of 

automatic and semi-automatic machinery. If we could only get this word identified 

with industries which have not got such associations the position would be much 
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easier. The oil industry would perhaps be a good example. There has already been a 

great deal of partial automation in the oil industry, and this industry is now moving 

much closer towards full automation, although it is only recently that they have 

installed large control rooms at the refineries where all the variables and the processes 

are measured on instruments. The operators read these instruments, integrate the 

information they get, decide what the best changes are, make the changes on the 

controls, and then observe what the result is. At this stage, the operators have to act, in 

effect, as computing or deciding devices. The instruments give them the information, 

but then they have to integrate it in their minds and have to consider and calculate 

before they can decide what the best adjustments are likely to be before they can act.  

 

This is very slow, but the human operator cannot do it any quicker without making 

serious mistakes. And this state of affairs is obviously inefficient. But if you carry out 

the work by computer control, instead of by operator control, the computer would not 

only get all these variables read continuously, accurately, and at great speed, but it 

would present the operator or the manager with all the information he needed as to 

what was happening in the plant as a whole, immediately and as a complete picture. 

Not merely the readings of each individual instrument would be supplied, but their 

meaning as well, their inter-relationship, so that you could see where and what the 

defects were and what to do about them. The speed and the accuracy of this kind of 

machine is very great, and you certainly get much higher efficiencies as a result.  

 

It is interesting to notice that we will often accept a limited -degree of automation—

the automatic pilot in an aircraft, for instance—but we are reluctant to see the human 

buffer, in the shape of the pilot, go completely. We are afraid of flying in a 

completely automatic aircraft, as indeed we are of riding in a completely automatic 

train, because we know that all mechanical things can fail; and reliability and safety 

are vital. But let us consider aircraft. One day we shall be flying supersonically, and if 

two supersonic planes approach each other, they are flying at a speed so great that the 

human pilots cannot even see each other’s aircraft. In fact by the time the pilot has 

noticed that there is an aircraft coming towards him, he has already passed it. But this 

does not mean that the pilot becomes redundant. What it does mean is that supersonic 

aircraft need a great deal of automation built into them, in order to free the pilot for 

his proper skilled work. Given this machine-assistance, the pilot is very efficient. If 

the approach of the other aircraft is signalled to him well ahead by an electronic 

extension of his faculties, this allows him to see what direction the other aircraft is 

taking. If he can also see on his radar screen that the two planes are going to miss 

each other comfortably, he is quite happy. But if he sees that there is a risk of some 

kind, he knows exactly what action he can take, because the possibilities have been 

pre-digested for him and therefore he is in complete and secure control, precisely as 

the captain of a ship at sea would be. He can see all the factors affecting the safety of 

his machine and of his passengers and make sure that everything is running smoothly 

and well. He is safeguarding, not flying: he is safeguarding the proper functioning of 

the whole of the apparatus. He is being the fully responsible, fully efficient, human 

being that automation is allowing him to be. The unnecessary chores have been 

removed from him, he is exercising his specifically human function.  

 

I am convinced that automation has only one real purpose, which is to help us to 

become full human beings. I have always been impressed by the ideal of the complete 

man which was set down 400 years ago by Castiglione in his book The Courtier. 



 7 

Although the details may be different today from those of the sixteenth century, the 

fundamental concept is the same, that in order to be a full man you have to be a varied 

man. Your mind has to be adequately cultivated and your body has to be adequately 

developed and trained. This is the concept which the Greeks had, too. But the high 

level reached by Greek civilization was only possible because the routine, dulling 

work was done by slaves, who were not even regarded as human beings: they were 

looked upon as machines. They were never referred to. As people, they did not really 

exist; they just happened to be there to do the chores. Nobody knows how numerous 

they were, although there must have been large masses of them for the privileged 

Greeks to have been able to live the highly cultivated life they did.  

 

Today, if we know where we are going and if we use the slave services of automation 

intelligently and courageously, we have the chance of building a really high 

civilization for ourselves. And when I say ‘for ourselves’, I mean the whole 

community, not just for a small elite on the Greek pattern. This is the essential 

purpose of automation.  


