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The best way to give you an idea of the subject of these Reith Lectures is to put before 

you some of the questions I am hoping to answer, and this I shall do; but, first of all, 

for my own peace of mind, I should like to explain some of the uncertainties I have 

felt about their style and general purpose. 

 

 

Difficulties of Approach 

I first thought of attempting a grand prophetic statement about Man’s future as Homo 

sapiens—of doing for biology something of the kind that physicists have done when 

they have written about the shape of the foreseeable future or of what might happen in 

the next million years; but I soon saw that if I were to attempt anything of the kind on 

behalf of biology, I should be obliged either to weary you with endless qualifications 

and reservations and disclaimers, or else to try to disguise the thinness of the 

reasoning by taking refuge from time to time in apocalyptic prose.  The effect of the 

first procedure is to leave people perplexed about what the lecturer is actually saying, 

supposing he has screwed himself up to the point of saying anything at all; and of the 

second, to make them doubtful about his reasoning, stirring though what he said may 

well have been. 

 

The more deeply I studied the problems I am going to talk about, the more deeply I 

became convinced that the opinions of the learned are often much less interesting than 

the reasoning which professes to uphold them; and in the outcome I decided that these 

lectures were to be about the process of foretelling rather than about what is actually 

foretold. The decision was almost forced upon me by the fact that some of the 

problems I shall discuss are very controversial. For example, I shall explain in a later 

lecture why some experts (who at the moment have gone into hibernation) declare 

that the average intelligence of Englishmen is almost certainly declining, and why 

other experts are almost sure that it is not. I shall take sides, because one opinion does 

seem to me to be weightier than the other, but what I shall not do is to discuss the 

consequences of any fall of intelligence. 

 

Again, I shall put to you the purely theoretical problem of the limits of physical and 

intellectual improvement. Some biologists believe that, apart from certain recurrent 

accidents, a population can become uniform in all kinds of desirable ‘inborn’ 

qualities, and can maintain itself in that state of uniform excellence according to the 

simple formula that like begets like. Other biologists are inclined to think that inborn 

diversity or inequality is a necessary part of the texture of human populations, and 

that it is kept in being by means which are often incompatible with’ breeding true ‘. 

This problem lies at the very centre of eugenics, and I shall do my best to explain the 

difference of principle on which the argument turns. 
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Will Man Continue to Evolve? 

In the most general terms, the questions I have in mind are these: can man go on 

evolving in the future as he has evolved in the past, or is there some good reason why 

his evolution should now have come to an end? What are the evolutionary forces 

acting on men today, and how far can we predict their effects?  For example, it is 

often said that advances in medicine and hygiene are undermining the fitness of the 

human race. It is said, too, that the practice of having fewer children than one is 

capable of having is so unnatural that it is bound to have evil consequences, not 

excluding the ultimate extinction of mankind. Are these just gloomy philosophizings, 

or do they contain the elements of a most unwelcome truth? Is it even possible to 

predict and regulate the size of human populations, so that we do not start worrying 

about why the birth-rate is not going up almost as soon as we stop worrying about 

why it is not going down? This is the problem I shall consider in my present lecture, 

because although it may not be quite as interesting as some of the other problems, it is 

important, and it shows up the fallibility of prediction in a particularly clear way. 

 

In the last of my six lectures I shall turn to still more general questions, and I shall 

discuss the sense and significance of the belief that man is beginning to evolve in an 

entirely novel way.  I think that answers to questions of this kind, in so far as it is 

possible to answer them, are deeply necessary for any understanding of the future of 

man; and when I say that they are necessary, please remember that I have not said, 

and do not imply, that they are sufficient. This is all I can say by way of excuse for 

leaving out so much that is promised by the title these lectures bear. Even so, I cannot 

hope to be lucky enough to escape the charge that my approach is materialistic. I can 

neither deny this charge nor admit it, because ‘materialism’ is a word that has lost its 

power to convey an exact meaning; I can, however, resent it, because it is a word that 

has not yet lost its power to cause offence. To my mind, ‘analytical’ or ‘exploratory’ 

would be a better description. But instead of worrying about which word to use, let 

me give you an illustration of the way in which a particular problem in human biology 

has been approached. 

 

 

Changes in the Sex Ratio 

It has been fairly general experience that the ratio of the births of boys to the births of 

girls goes up towards the end of or shortly after major wars. The ratio of boys to girls 

in Great Britain went up after the First World War and again in about the middle of 

the second. One way to explain this is to say that it represents nature’s attempt to 

make up for the loss of men.  Superior people smile at this explanation, perhaps 

forgetting that it contains the elements of very good sense. Many natural processes are 

self-regulating-are so adjusted that they can compensate for the effects of disturbance; 

war is indeed a disturbance, and we should expect it to bring any such power of self-

regulation into force. This is a satisfying explanation because it classifies the 

phenomenon: we feel we now know the kind of thing that has been going on: the 

change in sex ratio is just another example of self-regulation. But it marks the end of a 

train of thought instead of the beginning of an exploration, and even if it were true-

which seems unlikely, if only because the war-time change in the sex ratio occurred in 

some countries which were not at war - it would still leave us wondering about the 

means by which the process of self-regulation achieved its effect.   
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Most attempts to explain the war-time change in the sex ratio treat it as a special case 

of a much more general phenomenon that has nothing to do with war: the fact that 

older mothers have relatively fewer boys than younger mothers. How is this more 

general phenomenon to be explained? The most popular explanation runs as follows. 

It is a fact that, from birth onwards, boys and men are more fragile or vulnerable than 

girls or women, in the sense that, whatever their ages may be, their chances of living 

one more year are, on the average, slightly less. If we now make the rather dubious 

assumption that this greater fragility of boys is true from conception until birth as well 

as from birth onwards, then the answer seems clear: for some reason younger mothers 

provide a better environment in the womb than older mothers. This lessens the slight 

disadvantage of being a boy baby and so makes it understandable that a higher 

proportion of boys should survive till birth. 

 

On closer inquiry, however, it turns out that a mother’s age, as such, does not account 

for the general fact that older mothers have relatively fewer boys; in any case, it could 

not account for the sharp rise in the ratio of new-born boys to new-born girls in Great 

Britain between 1941 and 1942, because the ages of mothers did not change as they 

should have changed if this simple explanation were true. 

 

However, this is not the full story. It is true on the whole that the children of younger 

mothers are also earlier children; are first or second children, say, instead of third or 

fourth; but it is not always true, because a woman over thirty might be having her first 

child while a woman under thirty was having her last. The age of a mother must 

therefore be distinguished from her parity, that is, her rank in terms of the number of 

children she has already had. Moreover, the children of younger mothers are usually 

the children of younger fathers, so the father’s age must be considered too. As I have 

said, the most recent work suggests that the age of the mother, as such, has not much 

to do with the sex ratio of newborn children; the age of the father certainly has, 

though for unknown reasons; and so, perhaps, has the mother’s parity. 

 

During the later years of the war there was a slight increase in the proportion of first 

and second children and probably a slight decrease in their fathers’ ages as well; yet 

neither change seems to have occurred on a scale which could account for the 

alteration in the sex ratio. But although the explanations that have been suggested, and 

others like them, turn out to be inadequate, the point is that this is the kind of 

explanation we should seek.  

 

 Let me give one other example of the analytical method because it illustrates a 

different point. On the average, children born between May and October seem to get 

slightly higher scores in intelligence tests than children born from November to April. 

Is it the season of conception or birth that somehow affects the intelligence of 

children, in so far as these tests can measure it; or is it the intelligence of the parents 

that influences the season of conception of the child? The second must surely be the 

explanation: for example, when one compares the average scores of winter and 

summer children who are brothers or sisters, the difference between them almost 

completely disappears. If the phenomenon were not to be analysed in this fashion, 

there is no limit to the fancies we might build upon the mere correlation between 

intelligence and season of birth; we might even be tempted to think that the Signs of 

the Zodiac had something to do with the matter; that there must, after all, be 

something in what the astrologers say. 



 4 

Predicting and Regulating Population 

I should now like to turn to the deeply important problem of trying to predict and to 

regulate the size of a human population.  As I have implied, it is an instructive 

paradox that we are usually oppressed either by the fact that the birth-rate is unduly 

high or by the fact that it is unduly low, and the world today is such that we can worry 

about both at once. For reasons I shall now try to explain, there is not much likelihood 

that we shall ever cease to be worried by the one problem or the other, though we can 

hope for long periods of respite in which we need not worry very much.  Populations 

are potentially capable of growing at compound interest, but cannot in fact grow for 

any great length of time at any net rate of compound interest which is persistently 

above or below zero. If the rate remains persistently below zero the population will 

die out (for that is what a negative rate implies), and if the rate stays persistently 

above zero the population will grow without limit and must eventually starve. No one 

contests these simple truths; people hold different opinions about the problem of 

overpopulation, but the differences are about its immediate urgency and about the 

tactics that should be adopted at this present time. But as my chief concern is with 

method, with the process of foretelling, I propose to discuss the problems of 

prediction and analysis that concern Great Britain and, to a greater or lesser degree, 

the rest of the Western world.   

 

Before the war a number of highly skilled demographers, students of population, said 

that if the prevailing patterns of birth rates and death rates were to continue then the 

population of most advanced industrial countries would go down steeply, in a matter 

of tens of years. They pointed out-what seems obvious now, though it was far from 

obvious then, even to some biologists that no comfort was to be obtained from the fact 

that the populations 6f most of these countries were still increasing, because the 

increase was mainly owing to the success of ingenious modern ways of postponing 

death. As a separate consideration, various forecasts were made of the size of our own 

population at various intervals up to the year 2000. It is already possible to see that 

these predictions were systematically mistaken: they were all too low.  One of them, 

putting the population of England and Wales below 30,000,000 in the year 2000, falls 

short by 20,000,000 of what the Registrar General now thinks of as a likely figure. 

 

 

Statistical Exercises 

Before I discuss the shortcomings of these pre-war forecasts I do want to make it clear 

that they were expressly carried our as statistical exercises on the basis of a number of 

perfectly understandable assumptions, and that it would be a disaster if experts 

stopped making predictions of this degree of importance merely for fear of being 

wrong. Moreover, they were a big improvement, in point of method, on some of the 

forecasts or diagnoses made even a few years before. As late as 1930 an eminent 

foreign biologist declared that nothing could provide a more sensitive measure of the 

biological health of a population than the ratio of the annual numbers of births and 

deaths. When he turned the searchlight of this conception upon Great Britain he found 

no cause whatsoever for alarm. What makes his judgment so infuriating is that it 

happened to be more nearly right in its general tendency than estimates based upon 

reasoning incomparably more exact. 

 

I suppose there were three main sources of error in these earlier predictions. The first 

was lack of information. In spite of its obvious importance, we in Great Britain did 
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not begin to record the ages at which mothers bear their children until 1938 about 

ninety years after the need for information of this type had been explicitly foreseen; 

and we still do not record the age of the father.  But, more than that, we need to know 

about the size of families, and how many families there are of each particular size and 

how families are successively built up in each year after marriage. If pre-war 

demographers had had the kind of information that has since been provided by the 

family census of 1946 and the general census of 1951 they would have approached 

their problems in a different way; indeed, it was because of their insistence that the 

family census of 1946 was carried out. 

 

A second source of error was to place too much confidence in the power of an index 

like the so-called net reproduction rate to measure a population’s biological fitness, its 

power to replace itself from one generation to the next. Not so very long ago a 

socially conscious person who heard mention of the net reproduction rate at once 

assumed a grave expression, which showed that he understood its import, and may 

have been intended to show that he knew exactly what it meant. It is, in fact, a 

measure of fertility which makes allowance for mortality-which does not assume, as 

cruder measures do, that everyone is lucky enough to live up to and right through the 

period of reproduction.   

 

It is usually based on the female population only and only on female births, and it is 

arrived at by an arithmetic exercise which there is no need to describe. Conceived in 

just those terms-as a well-defined computation which takes into account both gain by 

birth and loss by death-it is a good way of summarizing in one figure some of the 

more important information about the mortality and fertility that happens at that time 

to be in force. It was perfectly well understood that the computation itself gave one no 

authority to assume that fertility and mortality would not alter; but, when it is used as 

a measure of replacement, the net reproduction rate can only be as valid as our 

reasons are for thinking that fertility and mortality will in fact remain constant. 

 

 

Fluctuation of Net Reproduction Rate 

In real life the net reproduction rate fluctuates far more from year to year than one 

would expect of any index that professes to be a fundamental measurement of 

reproductive health. Between 1930 and 1940 the net reproduction rate in America, as 

in many European countries, was below unity, that is, below the level of exact 

replacement, one for one. In 1952 it reached the fantastic figure of 1.56, 

corresponding to growth by compound interest at the rate of 56 per cent per 

generation; but not even an American population could change in a few years from 

one whose future was looked at pensively to one which looked as if it would get 

completely out of hand. The net reproduction rate is extremely sensitive to changes in, 

for example, the ages at which women bear their children-to changes which need not 

be of great importance when thought of in terms of the span of a human reproductive 

life. But there is a more fundamental objection to using the net reproduction rate, or 

any other index like it, to predict what will happen in years ahead; to make it clear I 

must explain what is meant by a ‘stable’ population. 

 

A population has not merely a size; it has also a structure; and to describe a 

population at any moment one must know not only its total number but how that total 

is built up of people of every different age.· A ‘stable’ population is called ‘stable’ 
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because it has a constant or steady age-structure or age-distribution, one which will 

not change so long as the rates of fertility and mortality remain constant: Unlike any 

real population I am aware of, it can reproduce its structure from one generation to the 

next, and even regenerate or restore itself if some upheaval like a war or depression 

should temporarily change its shape. A stable population grows at a constant net rate 

of compound interest which may, of course, be zero, so that births and deaths cancel 

each other, and the population stays constant in size as well as shape. Stability can be 

achieved only if the same rates of mortality and fertility have been in force for 

something like 100 years. No large population has ever achieved such a stability, and 

it is not at all likely that it ever will. This is why students of populations 

wear censorious frowns when people talk, as they so often do, of stabilizing’ the 

population of the world or of one country or another at ‘any particular figure they may 

have in mind; for, short of tyranny, it is not at all clear how any such stability could be 

achieved. 

 

 

Will Fertility Change? 

When it is used for predictive purposes, the net reproduction rate can be thought of as 

a preview of what the population’s rate of increase would eventually come to be if 

fertility and mortality remained constant long enough for this state of stability to be 

achieved. But if the population is not stable to begin with (in fact it will not be) then 

its composition by age and sex will certainly alter-not in spite of the fact that fertility 

remains the same but because it remains the same. The assumption that fertility will 

remain constant therefore implies that the population will change in structure; and 

these changes, in turn, make it likely-though not logically certain-that fertility itself 

will change. At the least they will make us look anew at our reasons for assuming that 

it would remain constant. The net reproduction rate cannot be used as if we were 

taking the nation’s temperature: as if we were assessing its state of reproductive 

health. It has yet to be shown that anyone index of fertility can be used for such a 

purpose.   

 

All this sounds very disheartening; but out of the uneasiness and dissatisfaction of 

demographers a rather different style of analysis has emerged. The matter of principle 

involved is this.  The life of a nation goes on from day to day and from year to year, 

and the changes that happen, historical changes, are marked against a scale of 

calendar time. But the lives and livelihoods and reproduction of men and women are 

marked against years of age, and the natural unit of demographical prediction is not, 

therefore, a calendar year or a sub-division of a century but a life or a sub-division of 

a life. The rates of fertility that will prevail here in five years’ time will be shaped by 

today’s teenagers, wondering when or whether they will get married; by people in 

their early twenties having their first children, and by people in their late thirties 

having their later children or their last.  Every such group has different experiences 

behind it and different prospects before it, but the fertility index we compute in five 

years’ time will remain indifferent to them all. Yet it cannot be assumed that those 

who are twenty in 1965 will have the same fertility as the forty-year-olds had when 

they were twenty; or that they will grow up to have the fertility the forty-year-olds 

happened to have had in 1965. 

 

The analysis of populations in terms of the changes that occur from one calendar year 

or decade to another is sometimes called , ‘secular analysis’ and obviously it must be 
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reinforced by analysis of a different style: one which takes all the people born in one 

year or married in one year and follows them through their lives. Analysis of this kind 

is called ‘cohort analysis’ - it slices time lengthways instead of cutting across it year 

by year. The adoption of cohort analysis is the most important advance in practical 

demography of the past ten years. No one pretends that its adoption is an intellectual 

triumph; as I said, it was only lack of information that prevented its coming into use 

before; but in any empirical sense it has been highly informative and revealing. 

 

Cohort analysis makes it easier to resolve fertility into factors: sex ratio, marriage 

rates, the ages at which people marry; above all, it has shown how important it is to 

know the pattern in which married couples build their families. No other method 

could have shown so clearly that the tremendous increase in the birth rate which 

began towards the end of the war was mainly due to a change in the pattern of making 

families: people began to have in 1942 and 1943 the children they would normally 

have had two or three years beforehand. The postponement of births need not imply 

that families are going to be smaller than they otherwise would have been, and need 

not therefore have very much bearing on the problem of replacement. It is during 

times such as these, with changes in the rates and ages of marriage and in the pattern 

of building families, that indices like the net reproduction rate are least informative. 

 

 

A Striking Fact 

The most striking single fact that has emerged from cohort analysis is the remarkably 

unwavering trend of the size of completed families. It has fallen smoothly from an 

average of just over six for couples married in the eighteen-sixties to an average of 

just over two for those who married in the nineteen-thirties.  There is an increasing 

element of guesswork in estimating the number of children of later marriages because 

not all of them have yet been born; cohort analysis can never be completely up to 

date. But there is a stability about the pattern of making families which suggests that 

forecasts founded upon cohort analysis are going to be nearer the mark than any made 

before the war.  As for replacement, I do not know that any demographer, on present 

evidence, now fears a serious decline in the population of Great Britain. The latest 

estimates suggest that we are just about breaking even; demographers are perhaps 

temperamentally disinclined to put them higher, if only to correct the illusion that all 

must now be well because the birth-rate went up so rapidly after the war. There are 

signs, though, that the most recently married couples are going to have larger 

families; certainly the marriage rate has been going up and the average age at 

marriage going down-although this does not imply that people who marry nowadays 

in their early twenties are going to have families of the same size as those who 

married in their early twenties before the war. In so far as purely biological pressures 

can influence marriage rates and ages, I guess that the present upward turn may be 

genuine and not just temporary. 

 

In my next lecture I shall refer to the fact that the average age at which children 

become sexually mature is still going down.  Pressures of this kind may not be strong 

but they are very insistent; combined with everything that goes with a system of social 

security they could well increase fertility or, at least, change families to a pattern in 

which married couples have all the children they intend to have by an earlier age than 

hitherto.  I should not be in the least surprised if in the nineteen-seventies or nineteen-
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eighties we in Great Britain were to start exchanging uneasy glances about the 

dangers of overpopulation, and wondering where things were going to end. 

 

 

Predictions and Cohort Analysis 

I have been saying that human lives, generation by generation, have a much longer 

stride than the march. of history by calendar years or decades, so that it can be very 

misleading to assess the reproductive health or future size of a population from the 

fertility that prevails in anyone year or group of years. The advantage of cohort 

analysis is that it makes it easier to resolve fertility into factors which have a meaning 

in terms of the way in which people actually behave. Predictions founded upon.  

cohort analysis are somewhat more exact in the sense that one can foresee a little 

more clearly what follows from one’s assumptions; and if these predictions are 

wrong, as to some extent they surely will be, it will be easier in retrospect to see 

which assumptions were faulty and which factors changed in unforeseeable ways. 

This is about all that can be expected of predictions of this degree of complexity, 

though many biologists and demographers did at one time hope for more-to reveal in 

the growth of human populations the unfolding of grand historical principles with the 

exigency and thrust of physical laws. 

 

Furthermore, it is a technical error to suppose that in real life one can stabilize a 

human population, in the sense of bringing it to a state in which it will no longer 

change as a result of its own internal properties. Short of tyranny, all that can be done 

in an administrative sense is to coax and warn and bribe a population, to try to prevent 

its becoming unduly small, and to change these policies, with no sense of 

inconsistency or grievance, if it thereupon shows signs of becoming unduly large. In 

other words, policies can be adopted which fall equally ·far short of tyranny and of 

laissez-faire; they can be energetic and reasonable and effective without claiming to 

hold good in perpetuity or to be governed by the workings of grand demographic 

laws. I have a feeling that the same may be true, and true for much the same kind of 

reason, of other still more complex human affairs. 

 


